


ED I T O R I A L

The changing of the guard

This will be my last Editorial as I step down as Editor in
Chief after 16 years. It has been an honour and a privi-
lege to lead the teams that have brought the journal to
the members of the Dietitians Association of Australia
(DAA), to our New Zealand colleagues and indeed across
the globe. It is no coincidence the September issue
focused on the Millennial Dietitian,1 marking our move
to embrace and celebrate generational change, a key
component of a successful and sustainable profession.
Please join me in welcoming Judi Porter PhD FDAA as
the new Editor in Chief. Like me, Judi had previously
served as Associate Editor, and later took on the special-
ist editor role managing Systematic Literature Reviews
and then Editor. We have enjoyed working together the
last couple of years enabling this smooth transition.

There is much to ponder over scientific publications,
particularly in recent years. The Editorial in the February
issue2 provided an historical account of Nutrition and
Dietetics, which was originally entitled Food and Nutri-
tion Notes and Reviews through the Australian Institute
of Anatomy.3 It marked the celebration of the journal's
75 year history and noted the significance of research
informing policy and practice. Today, research published
in Nutrition and Dietetics is undertaken across a broad
platform. The related policies and practices take many
shapes and forms, but the core value remains as a com-
mitment to publications that address the nutritional
health of individuals and populations.

Research is an international enterprise, and protecting
health is a universal challenge. Standards for conducting
and reporting on health research are set at the global
level. These standards have special significance where
research is taken up in decisions on policy and practice.
Peer review underpins publication, and in many areas
now, groups of peers have developed standards to assist
colleagues in this process. Our guidelines to authors4 dem-
onstrate our commitment to quality reporting in health
research. We reference international biomedical reporting
standards as outlined by the EQUATOR network.5 The
journal is a member of the Committee on Publication
Ethics (COPE)6 and is listed on Medline. Given their sig-
nificance in contributing to evidence review, some study
designs require special attention. Reports on Randomised
Controlled Trails that provide direct evidence of effects
require trial pre-registration and scientific reporting

according to the CONSORT statement.7 Likewise epidemi-
ological studies reporting associations need to meet
STROBE requirements, which have also undergone
review for nutrition evidence specifically.8 As with RCTs,
reports providing systematic review of evidence and meta-
analysis also require prospective registration and interna-
tional standards of reporting.9 The move by Nutrition and
Dietetics to have specialist editors to cover these areas
reflects our commitment to high quality publication in the
nutrition sciences. Sharing expertise in these areas also
helps build capacity within the profession (and here I rec-
ognise the long standing contribution from our statistics
editor, Marijka Batterham PhD MMed Stat Adv APD.)10

These standards set the tone for the journal but do not
detract from other research that is more translational in
nature, and closer to practice. Smaller contextual studies
that report local observations, evaluations of models of
care or aspects of health services, in depth analyses of
social and environmental conditions, dietary methodology
studies and research into professional education are all
highly relevant. These studies add to the understanding of
how to address nutrition related health problems. Stan-
dards for publishing still apply, including considerations
of the sampling, methods of data collection, methods and
rigour in analytical techniques, and overall reporting.

That said, research is fundamentally a creative and very
thoughtful exercise. Like a good story, written publications
address a line of intrigue. In addition to scientific rigour, it
needs the attention of the reader. The topic should present
a novel concept or be a significant addition to something
already known. This presents a challenge to the profession,
to think deeply on the issues that matter and master the
methodologies that enable a valid line of argument to be
made. Moving forward in the discipline involves looking in
the mirror. It means defending an identity that is well
respected in broader scientific circles and is reflected in
quality research. Our journal, Nutrition and Dietetics pro-
vides an important conduit. It has a proud history, full of
the commitment of a great many authors, reviewers, edi-
tors, publishers and administrators. It behoves the profes-
sion, and in particular its senior members, to identify with
this quality professional resource, actively engaging to
maintain its heritage and ensure an effective future.

Nutrition and Dietetics remains a quiet achiever in an
expansive field, where the business side of scientific
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publishing has become all the more apparent. Metrics such
as Impact Factors and Citations,11 combined with expecta-
tions of fast tracked publication and open access have cre-
ated a significantly challenging environment. Issues arise
such as the volunteer nature of peer review, the link
between practice and research, and the relevance and pur-
pose of the journal content. This has to do with how knowl-
edge is generated and by whom, and how it is utilised in
developing health policies and practices. The journal pro-
vides a tool for the profession to move on and have an influ-
ence. A perfect challenge for the next generation!

I would like to recognise and thank all those who
have gone before me and all those who have travelled
with me on the journal team so far. In particular I would
like to thank the Australian, New Zealand and interna-
tional members of the Editorial Board, key staff at Wiley
publishers and the various members of the DAA manage-
ment teams for all their efforts over the years. Finally, a
special best wish goes to Judi Porter for taking on the
leadership role now.
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I N V I T E D ED I T O R I A L

Dietary intake in health and disease, challenges in
measuring and reporting diet-disease relationships

1 | INTRODUCTION

Understanding dietary patterns of population groups and
how these are impacted by limitations related to accu-
rately estimating food and beverage intake is central to
interpreting relationships between nutrition, health, mor-
bidity and mortality, and moving the field forward.1 This
issue of Nutrition & Dietetics brings together a collection
of papers that examine the validity of self-reported die-
tary intake, impact of dietary patterns on health out-
comes, development of dietary interventions, impact of
eHealth technologies on healthcare, and assessment of
nutritional status.

This issue of the journal includes descriptions of char-
acteristics of mis-reporters of total energy intake from the
previous two national nutrition surveys,2 as well as in the
context of a clinical population of women with polycystic
ovary syndrome (PCOS).3 These papers highlight that
energy intake under-reporting is substantial, with popula-
tion level prevalence of under-reporting of total energy
intake of 32% in 1995 (n = 1196) and 41% in 2012
(n = 5332) using 24-hour recalls to assess intake and two
variants of the Goldberg cut-off.4,5 Under-reporters were
identified using both a constant cut-off and a variable
cut-off based on grouped physical activity levels (PAL).
Both surveys were administered face-to-face by inter-
viewers and although 1995 was “pen and paper”, you
would not expect this increase to be attributed to the
interviewer's use of a computer to administer the recall in
2011-12. Of note was that the increase in under-reporting
was largely in men, rising from 24% to 41%, in contrast to
women where it remained constant at around 40%.2

By comparison in a small sample of women with
PCOS (n = 36) and control women (n = 37) energy
under-reporting was identified for 47.2% of women with
PCOS vs 2.7% among controls.3 Women kept a 3-day food
diary and individual level PAL factors were applied to
identify mis-reporters using the Goldberg cut-off
method.5 Of interest is the relatively low prevalence of
under-reporting in the control women.3 Given the

differences in both demographic characteristics and die-
tary patterns reported between these groups, further
research is clearly needed to better understand factors
that influence under-reporting, how to better estimate
forgotten food items and which contextual factors influ-
ence items that are more likely to not be recalled and
how this differs by sex. The study by De Giusepper et al.3

in this issue also highlights the importance of using die-
tary intake assessment methods validated in the popula-
tion in which they are intended for use.

2 | VALIDATION STUDIES

Accurate measurement of dietary intake is crucial to
monitor dietary intake trends over time, and understand-
ing relationships between dietary intake and chronic dis-
ease development.6 However, accurately measuring and
interpreting dietary intake is challenging, and at a popu-
lation level, some methods such as 24-hour recalls and
weighed food records are time and resource intensive.7

Dietary questionnaires, including food frequency ques-
tionnaires (FFQs) and brief tools can be less resource
intensive to implement on a large scale but come with
their own limitations. These include being less compre-
hensive, potentially only appropriate for use in the con-
text for which they were originally validated and the need
to apply calibration equations or sensitivity analyses.8 In
this issue, two articles report on validation studies of
short dietary questionnaires. Bell et al.9 presented the
Preschooler Dietary Questionnaire (PDQ) (11-items) for
use in 3-5 year old children (n = 74).9 Compared with a
validated FFQ, the PDQ demonstrated moderate relative
validity, as dietary risk scores were highly correlated for
nutrient-dense or ‘core’ foods and bread and beverages
and total risk scores (all r ≥ 0.80), but not for energy-
dense nutrient-poor or “non-core” foods (r = 0.67).

The authors concluded that the PDQ is a useful
screening tool for identifying dietary risk among pre-
schoolers. In another paper, Marakis et al.7 demonstrated
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moderate/fair validity of a drinks frequency question-
naire (41-items) compared with 7-day weighed food
records in a Greek young adult population (n = 59).7 The
authors concluded that the questionnaire is a valid and
practical monitoring and surveillance tool for measuring
habitual drink intake in adults. Han et al.,10 in an addi-
tional study in this issue, described the three stage devel-
opment and validation of a diabetes-related nutrition
knowledge questionnaire among a sample of Singaporean
adults with type 2 diabetes. Internal consistency, con-
struct validity and test-retest reliability ranged from fair
to good after editing, rephrasing and removing items.
The authors determined that the questionnaire is a valid
and reliable measure of nutrition knowledge in the popu-
lation group. While these tools offer a valuable alterna-
tive to more comprehensive dietary assessment methods,
the population that the tool was developed for should be
taken into account before deciding to use them in other
contexts.

3 | DIET PATTERNS AND HEALTH
OUTCOMES

Globally, dietary patterns have shifted towards a “Western-
style” eating pattern, characterised by a low consumption
of nutrient-dense or “core” foods (eg, vegetables, fruit) and
excessive consumption of energy-dense nutrient-poor
foods, termed discretionary or non-core foods.11,12

Over time, there has been a concurrent increase in chronic
disease prevalence, linked to these changes in dietary pat-
terns. In this issue of the journal a number of papers exam-
ine the health implications of various dietary patterns.

In a Lancet series, Imamura et al.13 systematically
reviewed studies which explored the characteristics of
dietary patterns across 187 countries. The authors identi-
fied trends including differences in diet quality by age
group and sex and also between high- and low-income
countries.13 Older adults, females and high-income coun-
tries were reported to have higher diet quality scores,
characterised by higher intakes of ‘core’ food groups and
lower intakes of non-core foods.13 Other articles in this
issue examined the link between dietary patterns and
chronic disease.

Evidence indicates that Western-style dietary patterns
are associated with the development of chronic dis-
eases.14,15 Given that Western-style diets are typically low
in plant-based foods, the study reported in this issue by
Zamani et al.16 investigated the link between a plant-
based diet and gestational diabetes mellitus (GDM) in
Iranian women, finding a 53% reduced risk of developing
GDM among those consuming a diet high in plant-based
foods. In contrast, Asadi et al.17 study examined the

association between pre-pregnancy dietary patterns and
the risk of GDM in Iranian women. This study found that
a prudent dietary pattern characterised by a high con-
sumption of fruits, low-fat dairy, potato, egg, fish, poul-
try, nuts, organ meat and red meat, was associated with a
reduced risk of GDM, but no significant relationship was
found between Western-style dietary patterns and GDM
risk. Also from Iran, Darooghegi Mofrad et al.18 devel-
oped the Elderly Dietary Index (EDI), a modified version
of the Mediterranean Dietary Score, to explore the link
between diet and cardiovascular disease (CVD) risk fac-
tors in Iranian Men. Higher EDI scores were associated
with a 51% lower risk of overweight and obesity and an
81% lower risk of having high low-density lipoprotein
(LDL-C).18 These papers in the journal highlight that eat-
ing habits are distinct to particular populations and the
composition of food items or food groups consumed will
vary between populations. This means that the local con-
text of the dietary patterns needs to be considered before
comparison can be made. As noted in other sections of
our editorial, the interpretation of findings within the
context of the original study is key to ensuring high qual-
ity, evidence-based nutrition advice is delivered.

4 | DEVELOPING INTERVENTION
COMPONENTS

Sub-optimal dietary intakes relative to national recommen-
dations is the current population norm, hence the rising
global prevalence of chronic diseases and associated risk
factors should be expected.13,19 Effective interventions to
improve dietary intake are critically needed. To advance the
field in terms of developing and replicating effective inter-
ventions, researchers are encouraged to publish full details
of intervention development and content.20 In this issue,
Chai et al.21 detailed the three-stage development of a bank
of text messages targeted to parents of primary school-aged
children, designed to support improvement in child eating
behaviours.21 After evaluation by health experts and
parents based on clarity, usefulness and relevance, a bank
of 48 text messages were retained for use as a component of
a future family-based nutrition intervention.22 Lombard
et al.23 previously reported in this journal the protocol for
the Communicating Health (CH) study, which focused on
using social media for health communication in young
adults. CH was a four phase, iterative study aimed at under-
standing young adults use of social media for obtaining
dietary health information, co-creating healthy eating mes-
sages and communication strategies, evaluating the mes-
sages, and developing tools and resources for use by
stakeholders and researchers in this field. The development
of effective, translatable, evidence-based interventions is

502 INVITED EDITORIAL



crucial to achieving improvement in population dietary
intake. Papers such as these are important as they provide
practical guides and examples for other researchers and
practitioners to utilise.

5 | eHEALTH

Global healthcare challenges include the aging popula-
tion, escalating costs of healthcare, shortage of medical
professionals and patient demands for greater access to
health information.24,25 Electronic health (eHealth) tech-
nologies including web-based programs, mobile phone
applications and video conferencing, are increasingly
being adopted to address these challenges.26,27 For exam-
ple, during the post-partum period, women find it difficult
to seek health advice in-person due to a lack of time and
access to childcare.28 In this issue, O'Reilly et al.29 con-
ducted a series of focus groups to evaluate a pilot diabetes
prevention smartphone app for women with a history of
GDM. Women found the app more accessible and useful
compared to traditional printed health information and
the app made it easier for the women to initiate changes
in lifestyle health behaviours, and to regularly screen for
type 2 diabetes.29 In another study, McCampley et al.30

reported the benefits of electronic medical records for
improving the delivery of dietetics services in an
Australian hospital. Electronic medical records increased
accessibility and legibility of documentation as well as
time efficiency. These findings provide a strong rationale
for the inclusion of eHealth technologies in clinical set-
tings.30 The collection of papers on this topic in this issue
of the journal highlight the benefits of eHealth technolo-
gies as well as the capacity to provide tailored, accessible
information to specific population groups, while improv-
ing the quality of care provided to patients. eHealth inter-
ventions are not without limitations and risks can include
substantial costs associated with the set-up and mainte-
nance. Further, current evidence regarding the benefits of
eHealth technologies is inconsistent,31 highlighting the
need for more robust, well-designed eHealth interventions
tailored to specific populations which will better inform
the strategic direction of future eHealth policies.

The adoption of innovations such as eHealth technolo-
gies, is determined by pre-existing stages of readiness at an
individual or organisational level according to Roger's “Dif-
fusion of Innovation Theory”.32 In her paper, Maunder
et al.33 indicated that Australian dietitians are not ready for
the changes associated with eHealth technologies-based on
the perceptions of Nutrition Informatics Experts (n = 10).
The most common barriers identified for dietitian eHealth
readiness were a lack of knowledge, awareness, confidence
and informatics expertise.33 Eight key strategies were

identified for improving readiness for eHealth technologies
including collaboration and representation, education, offer-
ing incentives, mentoring, develop a national strategy, pro-
vide active leadership, appoint nutrition informatics
champions and provide a supportive environment.33 Maun-
der et al.33 highlighted that forming collaborations across the
profession will be essential for successfully implementing
eHealth strategies to optimise nutrition management.

6 | MALNUTRITION

The final papers in this issue focus on anthropometric
indices, sarcopenia and malnutrition in the context of the
aging population and the rising prevalence of overweight,
obesity34,35 and the global burden of disease.34,36 Effective
detection of chronic disease risk factors is vital for pri-
mary and secondary prevention. The challenge for dietet-
ics is to implement quick and cost-effective methods for
screening diet-related chronic disease risk.

Anthropometry measures are commonly used during
nutrition assessment to identify overweight or obesity. In
both clinical and epidemiological settings, body mass index
(BMI) may be calculated. However, common criticisms
include an inability to distinguish between lean body mass
and fat mass and the difference across ethnic groups and
by age, highlighting the need for more sensitive methods.37

In this issue, Tomas et al.38 reported a cross-sectional
comparison of obesity indices, including BMI, waist-to-hip
ratio (WHR), waist-to-height ratio (WHtR), sum of skinfold
thicknesses (biceps, triceps, subscapular, suprailiac and
abdominal) and body fat mass percentage (FAT) estimated
using bioelectrical impedance, to evaluate the most sensi-
tive instrument for detecting the influences of various risk
factors on obesity. They report WHtR as a more sensitive
indicator of obesity than BMI and more strongly related to
body composition and risk factors related to overweight/
obesity, such as diet, lifestyle and psychological factors.38

Reducing disability secondary to chronic disease by
prolonging mobility and self-care is key to lowering costs of
long-term care to families and society and requires early
detection of chronic disease risk factors.35 Sarcopenia, a skel-
etal muscle disorder commonly associated with aging, is
associated with adverse outcomes including falls, functional
decline, frailty, mortality and prolonged hospital admission.39

This issue includes two studies investigating the role
of nutrition assessment in screening for sarcopenia in at
risk populations. Sousa-Santos et al.40 focus on the aging
population and the need to streamline methods of screen-
ing for sarcopenia in older adults. They examined the co-
existence of sarcopenia and undernutrition to try and
delineate the most efficient and cost-effective screening
tools to detect sarcopenia using nutritional status. Santos
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et al.41 focus on screening for sarcopenia in patients diag-
nosed with chronic liver disease. Their goal was to find a
cost-effective way of evaluating the risk of sarcopenia in
less advanced liver disease patients to avoid or conserve
the use of costly diagnostic methods (eg, computed
tomography (CT), dual-energy x-ray absorptiometry
(DXA)). While the assessment of nutritional status and
anthropometry may provide a cost-effective measure of
health status and sarcopenia, both studies identified vari-
able results in terms of the optimal sites for anthropome-
try measurement. Further research is required before
nutritional status or anthropometry can be used as sole
independent measures of sarcopenia.

Malnutrition among hospitalised adult and paediatric
patients remains underdiagnosed and undertreated.42

Prevalence of the debilitating condition in an acute care
setting has been documented between 20% and 50%,
depending on the patient population and diagnosis
criteria and is associated with adverse health outcomes
including, increased length of stay and healthcare costs.42

This issue includes two studies by Cheng et al.43 and
Marderfeld et al.,44 which explore timely and accurate
malnutrition screening in acute care settings.

Cheng et al.43 conducted a retrospective audit of elec-
tronic medical records to define and quantify hospital-
acquired malnutrition, including prevalence and causes
of preventable vs non-preventable malnutrition. While
the majority of hospital-acquired malnutrition cases
included a preventable component, the authors propose
an alternative costing model to the recent Independent
Hospital Pricing Authority (IHPA) cost model. They rec-
ommend that hospitals only be penalised for preventable
hospital-acquired malnutrition to allow hospitals to focus
on addressing preventable causes of hospital-acquired
malnutrition to improve patient health and address
potential cost-savings to hospitals.

Marderfeld et al.44 evaluated the use of the previously
developed Screening Tool for the Assessment of Malnutri-
tion in Paediatrics (STAMP) among an inpatient paediatric
population sample. The study assessed the impact of the
tool on staff awareness of nutritional status of admitted chil-
dren and health outcomes on discharge. Key findings indi-
cated that screening tools such as STAMP are valid for
malnutrition screening. However, use of the tool does not
increase staff awareness of the nutrition status of patients,
nor improve health outcomes at discharge. The authors
concluded that further action is needed to raise awareness
among medical staff about the nutritional status of patients.

This issue of Nutrition & Dietetics provides a range of
studies that highlight the importance of nutritional status
and dietary intake assessment across a range of popula-
tion groups and settings however, there is still much
work to be done to move this field of research forward.
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Health-e mums: Evaluating a smartphone app design
for diabetes prevention in women with previous
gestational diabetes

Sharleen L. O’REILLY and Rachel LAWS
Institute of Physical Activity and Nutrition, Deakin University, Burwood, Victoria, Australia

Abstract
Aim: Women with prior gestational diabetes have increased risk for developing type 2 diabetes postpartum. While
diabetes prevention programs are effective in reducing a woman’s risk, the reach of traditional face-to-face programs
is poor in this population and using a mHealth approach appears to be promising. We aimed to evaluate a pilot
smartphone app developed from an evidence-based diabetes prevention program specifically for women with previ-
ous gestational diabetes mellitus using a series of focus groups to explore the app functionality and messaging.
Methods: The Health-e Mums app underwent an iterative, three-phase development: initial development, wireframe
development and pilot testing. Twenty-six women participated in four focus groups during the pilot-testing phase.
The focus group transcripts were analysed thematically to evaluate the app functionality and user-experience.
Results: Focus group participants identified diabetes screening confusion and a need for personalisation as sub-
themes within the app functionality theme. The user-experience exploration found generally positive findings but
participants had mixed responses to the utility of video segments and applying milestones relating to diabetes pre-
vention guidelines.
Conclusions: A user-centred approach was taken to develop a diabetes prevention program app for women with
prior gestational diabetes. Women were predominantly satisfied with the overall app design, how it functioned and
what the user experience would be like when fully developed.

Key words: diabetes prevention, e-health, lifestyle modification, maternal health, mobile application, postnatal.

Introduction

Gestational diabetes mellitus (GDM) is becoming an
increasingly common complication of pregnancy and is esti-
mated to affect 13% of pregnancies in Australia.1 GDM is
the single strongest population predictor of developing type
2 diabetes (T2DM) in women2 and while rates of GDM will
vary within racial and ethnic minority populations, the five-
year cumulative incidence rate can be over 50%.3,4 In addi-
tion, women with previous GDM are at increased risk of
cardiovascular disease, metabolic syndrome and further
GDM pregnancies.5 Even the women’s offspring bear the
burden of GDM, they are at increased risk of obesity, insu-
lin resistance, higher blood pressure, renal disease, cardio-
vascular disease and T2DM.6–8 Women who have had
GDM in one pregnancy have 30–50% risk of developing

GDM in subsequent pregnancies9,10 and they are at
increased risk of birth-related complications.5 Moreover
GDM increases risk for a woman’s offspring, who are at
greater risk of developing obesity and diabetes.11,12 All of
which means the impact of GDM extends much further
than the pregnancy and expands the cycle of diabetes
within families over time.

Importantly, we know a woman’s risk of developing
T2DM can be reduced by 58% through lifestyle modifica-
tion.13 The issue remains how to deliver the lifestyle modi-
fication in the real world because we know that women
with GDM are not being followed up for diabetes screening
in general practice14,15 and are not receiving consistent dia-
betes prevention support to modify their lifestyles for
improved health outcomes.16 Both the USA and Australia
have issued calls to action specifically asking primary care
providers to better meet the needs of this group of
women—particularly women under 40.17,18 Online tech-
nology was cited as a future avenue for low-cost prevention
programs.19 However, engaging in healthy lifestyle behav-
iours is challenging with the most commonly cited barriers
for this population being a lack of time, energy or both.20

Women’s other barriers include: a scarcity of childcare sup-
port; emotional distress; financial barriers; low knowledge
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levels; a lack of motivation and social support; competing
family and work demands; fatigue; isolation; and the belief
that they are too young to be concerned about chronic dis-
ease.20 It is clearly important that opportunities to support
women to prioritise their own health must address these
barriers.

Mothers increasingly rely on electronic resources to access
health related instant information 24 hours a day.21,22 A sur-
vey of 116 perinatal women identified online resources as
their primary source of lifestyle information23 and stated they
wanted credible, evidence-based and ‘parent-focused’ infor-
mation relevant to their individual issues using self-
assessment tools and progress trackers in a smartphone app
they could use anywhere, any time.23 While we know life-
style modification programs do work in women who have
had GDM, it is clear that engaging and sustaining their inter-
est in lifestyle modification is hugely challenging. Telephone
coaching,24,25 web-based,26 short message service (SMS) and
print materials have all been effective in small studies of
women. Recently published studies25,27,28 have not sought
to deliver personalised communication that ties recall to gen-
eral practice with lifestyle behaviour change.27 To be effective
in reducing a woman with GDM’s risk of developing T2DM,
we must address the translational barriers (lack of a coherent
system for follow-up care and early childhood presenting
numerous challenges for mothers) and develop an effective
evidence-based program that delivers the right care at the
right time in a way that is acceptable to mothers. Developing
a smartphone app appears to be a highly suitable method for
bridging that gap.

The Health-e Mums app was designed to be the conduit
to supporting a woman’s engagement in best practice diabe-
tes prevention (lifestyle modification and engaging in diabe-
tes screening). While evidence exists to support the
individual components of the app,25,27,29 exactly how
women with previous GDM actually perceive the app as
well as the core messages the app would deliver remain
unknown. Therefore, our objective was to evaluate a pilot
smartphone app developed from an evidence-based diabe-
tes prevention program specifically for women with previ-
ous GDM using a series of focus groups to explore the app
functionality and messaging.

Methods

The Health-e Mums app used an evidence-based interven-
tion based on the Finnish diabetes prevention study30 that
subsequently informed the Mothers After Gestational Diabe-
tes in Australia (MAGDA) study, which was a diabetes pre-
vention program designed for the first year postnatal
period.27 The MAGDA materials were then redeveloped
into a health coaching format so that they could be deliv-
ered using the telephone and they were found to increase
engagement.25 The Health-e Mums app was developed using
an iterative three-phase process: initial development, wire-
frame development and pilot testing. The initial develop-
ment phase involved taking previously developed health
coaching print materials and adapting their look and feel

for smartphone delivery. Diabetes screening reminders
aimed at increasing a mother’s engagement in regular
screening were developed and added to this initial develop-
ment phase. The focus of Health-e Mum was to encourage
self-efficacy and enable women to modify their lifestyle
behaviours through structured goal setting; personalised
automated feedback on body weight, diet and physical
activity progress; and support self-monitoring and building
of social support. The wireframe development phase of the
app saw the following aspects developed: (i) virtual health
coach guiding women through seven modules on diabetes
prevention; (ii) diabetes screening reminders and informa-
tion about screening tests; (iii) self-monitoring trackers for
weight, diabetes screening test results, exercise and food
diaries; (iv) regular personalised push notifications (push
notifications allow the app to notify users of new messages
even when the app is not actively being used with messages
appearing in the notification centre, lock screen (iOS) or
status section (Android)) or SMSs; (v) links to the app’s
Facebook community page; (vi) diabetes risk assessment
tool; and (vii) additional resources links. The pilot app was
developed as a hybrid model to enable greater flexibility of
use across different mobile phone platforms once tested.

Women with previous GDM were recruited from a
research database27 where women had provided consent for
further research contact. Previous research with this popu-
lation indicated that roughly 50% would be interested in
participating and that three to four focus groups would be
needed to achieve saturation. As a result, a total of
65 women from specified postcodes were contacted consec-
utively until each focus group had 10 participants. A female
research assistant interested in women’s health with nutri-
tion qualifications and qualitative research experience
(SR) contacted the women via telephone to ascertain their
interest in participating in the focus groups. Forty-one
women agreed to participate but only 26 attended in the
focus groups for a variety of reasons (infant illness, issues
with transport and competing priorities were the main rea-
sons for not attending). The study was approved by Deakin
University’s Health Ethics Advisory Group as a low risk
project (HEAG-H 77_2015).

We conducted four focus groups with an average of four
to six participants per group between August and October
2015 in community health centres. The research assistant
who contacted the women for participation performed
every focus group but no relationship was established prior
to or conducting the groups. The focus groups continued
until saturation of themes was achieved. In fact, saturation
was achieved by the third focus group and the fourth group
was conducted to confirm themes. Participant mean age
was 33.9 years; 85% had tertiary education; 41% had one
child, 38% had two children, 21% had three or more; and
all had GDM for a single pregnancy except for one woman.
The characteristics of those that participated versus those
that agreed to participate but were unable to attend were
not significantly different. The focus groups were 79 � 19
minutes in duration. The focus groups were conducted
using a semi-structured question format (Appendix I, focus
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group schedule) and were digitally audio recorded, after
each woman read the plain language statement and pro-
vided signed consent. The facilitator used reflective probes
to encourage greater discussion on short comments. Each
focus group had two distinct parts. The first part was a
walk-through of the Health-e Mums app’s functionality,
where women provided specific feedback on the layout/
structure of the app, colours, pictures, key topics covered,
etc. The second part of the focus group each participant
ranked examples of push notifications for different compo-
nents of the app (Appendix I, push notifications and rat-
ings). Participants were provided with a table with
examples of messages that would come through on the
user’s phone as push notifications and a selection of traffic
light coloured stickers (red, orange and green). Participants
were instructed to place a coloured sticker against each
notification to indicate their interest in the notification
(green = acceptable/useful, orange = unsure, red = not
acceptable/useful). Following the ranking activity, messages
were grouped by traffic light colour and discussed. The dis-
cussion focussed on identifying the components that made
certain messages appealing and how to improve unappeal-
ing ones. Each focus group was professionally transcribed
verbatim and checked for accuracy by the facilitator. These
data were supplemented with focus group notes taken by
the facilitator on any activity performed. Two independent
research assistants trained in qualitative analysis performed
the manual thematic analysis (SR, JE). The transcript was
read through several times and coded on the final read
through. The codes were then ordered and grouped into
salient themes with supporting quotes associated. Following
the independent coding of the transcripts, a consensus
meeting was held between the research assistants and an
investigator (SOR) to refine themes and resolve any discrep-
ancies between coders by consensus discussions.31

Results

Under the theme of functionality, most women saw the
Health-e Mums app as being a comprehensive source of rele-
vant, credible, and reliable information. This was important
for the functionality of the app as participants felt that
women like them wanted to access up-to-date information
at times that suited them and was from experts.

‘…if new tests are introduced […] if that wasn’t around
when we had our babies, […] they could put it on here
and say, “Okay, update.” You know, “This is the new
test. Go get it done.” You at least know then, so go talk
to your doctor, get this booked in’ (Woman 2, Group 1)

Some women felt that people apportioned blame to them
for developing GDM and that the information would not
only help them to understand It better but would also assist
when they wanted to explain it to others.

‘...gestational’s so different to what people know, and
other people probably being told lots of things by their
friends and their family […] “Aww but you’ve got to do

this” or “Aww it’s because you ate this” […] at least
there’s this that has actual - proper - information that is
specific to gestational diabetes and stuff...’ (Woman
2, Group 3)

Participants in the focus groups deemed the app highly
acceptable, based on the exposure they had during the
focus groups. There was unanimous agreement that the app
was something mothers would download and use if made
available. The virtual health coach functionality was seen as
a useful education tool. They contrasted the potential prac-
tical nature of the app with that of the printed information
they received after the birth of their child.

‘…wish I had this when I had [baby]. That leaflet just
didn’t help me do anything’ (Woman 4, Group 1)

The participants highlighted that the app needed to
deliver high levels of functionality, responsiveness and per-
sonalisation features because they felt it was the gap Health-
e Mums could fill in an already crowded health-related app
marketplace.

‘I started using one [diet and exercise app] a month
ago…, I’d say it’s really helpful. Like I’ve lost 6kg in a
month… but it’s just a general app… This one would be
for mums, for diabetes! Yeah, so it would be kind of nice
to have it tailored for our group’. (Woman 3, Group 1)

The potential for Health-e Mums to provide social sup-
port through Facebook was seen as positive feature, the
social connection with other women who experienced
GDM and ability to establish local exercise groups were the
drivers of this interest.

‘…[knowing] who’s in your area, you know, who wants
to be contacted for exercise… the option is there if you
want to be part of the community’. (Woman 2, Group 1)

Personalisation was a strong sub-theme within function-
ality. Participants wanted a seamless, efficient experience
tailored to their needs where app tools have to be customi-
sable for the user to motivate and support behaviour
change. For example, helping with realistic goal setting.

‘[if I have] low weight or really high weight… [I] want
guidance to set the target […] and know we are realisti-
cally going the right way’ (Woman 4, Group 2)

Diabetes screening and risk assessment was sub-theme
identified. The ability of the app to provide support around
annual diabetes screening was well accepted. Women found
the functionality for setting appointment reminders, keep-
ing records of results and setting future screening reminders
useful and novel. The discussion on the diabetes screening
functionality revealed that screening, more broadly, was
quite confusing and frustrating for women as they were
unsure on its purpose, which test they should be doing and
how often they should be screening.
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‘…what the test is testing, and just a simple explanation,
the process and stuff. What to expect’. (Woman 3, Group
3)

The oral glucose tolerance test was singled out for being
‘bloody brutal’ (Woman 3, Group 3) and repeatedly given
as the reason women chose to avoid screening.

The app functionality on screening was positively
acknowledged by the participants for providing ‘just in
time’ information on how to prepare for each screening test
type and practical tips for making the process easier.
Women were only moderately interested in the diabetes
risk assessment tool initially. However, they were interested
to know their own diabetes risk and found the information
useful once they engaged with it.

‘…working out the risk of diabetes ... was the most moti-
vating factor… getting healthy and like realising that I’m
actually doing something about it. It was just so dra-
matic… a 75% drop… I just dropped off about 3.5
kilos’. (Woman 3, Group 1)

The other main theme was the user experience. While
there was general consensus that the Health-e Mums app
functionality flowed in a usable and effective manner, par-
ticipants were not always clear on how they should navigate
pages.

‘I’m not technology literate on those kinds of things. I’m
always like, “where’s the menu?” “How do I push this?”’
(Woman 1, Group 4)

The home screen was universally thought to be
straightforward. The health tracker dashboard was well
received across the focus groups; it summarised each of
the health tracking tools in one place and its tabs pro-
vided quick access to other important features. The
women wanted graphs and other visual aides to improve
the app user experience but stated they needed to be
consistent in terms of style and types of information
being represented.

Within the user experience, a strong theme was on
accessing the food diary and nutritional information. Many
of the women want to be able to use the app to assist them
to make better food choices by being able to look at the
nutritional information for foods they were interested in
and potentially use that information in their food diary.
This was an improvement they felt would meet an unmet
need in the app marketplace. Traffic light colour coding
was another popular suggested improvement particularly
for making food choices easier on the go:

‘…a green circle with an F can come up, for […] an
apple, you know then that comes up next to the kilo-
joules to tell you that that is high in fibre […] It doesn’t
necessarily have to show the amount but whether, yes
that’s a green light’. (Woman 2, Group 3)

The ability to directly print or email information within
the app was an additional user feature that was desired by a

number of women. This would enable them to share infor-
mation with healthcare providers or use a printed recipe or
exercise plan.

The push notifications provided were well accepted by
every focus group (Appendix II). However participants
made it clear that the user needed to be able to personalise
what they did and did not want to receive. The reminder
push notifications were seen as useful when linked to key
activities within the app but women felt they needed to be
used judiciously. The push notifications within the virtual
health coach component for the narrative videos and check-
ing a woman’s understanding of module content received
mixed feedback and generated the most discussion. The
narrative videos are where the stories of real women with
previous GDM describe situations and how they dealt with
them and are an evidence-based approach to behaviour
change education.32 These proposed videos received mixed
responses

‘…it’s not something I’d be interested in watching’.
(Woman 3, Group 2)

‘Me, personally, I probably wouldn’t click on it. But I
think it’s probably a helpful thing’. (Woman 3, Group 3)

The women were asked their thoughts about the app
being developed so that the user would be taken on a vir-
tual coaching ‘journey’ where milestones would be set
throughout the first two years after their baby was born that
aligned with postpartum gestational diabetes guidelines.
However, this received mixed feedback with mothers refer-
encing it being detrimental to taking a long-term view of
their health

‘I think if you do that, people might stop it, like they’ll
get to the end and like, “Oh, well I’m done now”, like
“my risk is finished.”’ (Woman 3, Group 3)

Improvements were suggested for most app components
to enhance the visual appearance and user experience. The
focus group participants were already familiar with, or had
used, other widely known health and fitness apps so there
was an expectation among participants that if the app was
to succeed in the marketplace, it would need to have all the
feedback features of the leading apps and the additional
functionality of the Health-e Mums one. The app’s food
record was an area that women provided suggestions to
incorporate including: being able select breastfeeding status
within the profile section to adapt daily energy calculations;
providing a progressive tally of energy balance to enable
better decision making; using a comprehensive Australian
food database; and the ability to add homemade recipes.
Areas of the app that women thought could be improved to
include more comprehensive information were: purpose
and results of dietary quizzes; the weight tracking tool;
explaining body mass index; and providing external links
for relevant recipes and exercises that could be done at
home or with the children.
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Discussion

We found that the development of an evidence-based dia-
betes prevention smartphone app specifically for women
with previous GDM was seen addressing an unmet need for
this population. For the women participating in our focus
groups, the Health-e Mums app was found to be functional
and provided an acceptable user experience for women
with previous GDM. While a plethora of health-focused
apps exist, few are evidence-based and even fewer are based
on rigorously evaluated behaviour change theory or rando-
mised controlled trial program evidence.33 Health-e Mums
is novel and differs from the available GDM apps34–37

because of its postnatal focus on diabetes prevention and
screening, which makes it all the more pressing to evaluate
it as a means to addressing a large public health issue.

Overall, the app performed well on its functionality and
the user-experience, the focus group participants perceived
that the app would make it easier to engage in lifestyle
behaviour change and regular diabetes screening. They val-
ued the app providing information on diabetes screening
and practical support and feedback on healthy eating and
physical activity, which contrasted with the usefulness of
the printed information they were provided with following
the birth of their children. The ability for mobile applica-
tions to provide tailored, accessible information compared
with more traditional printed forms seems to be one of the
universal benefits of mHealth technology that busy mothers
value.34,38 Other key traits of effective apps identified
through systematic review are time efficiency, health profes-
sional involvement, personalisation, ease of use, provision
of real-time feedback and detailed information.39 These
findings align with those found for the Health-e Mums focus
groups.

Previous research has shown that the main challenge for
mHealth programs is delivering a robust app that produces
continued user engagement over time.39 A lack of engage-
ment will result in participants gaining limited exposure to
the intervention and the behaviour change strategies that
underpin it. This is a real issue for diabetes prevention pro-
grams for women with previous gestational diabetes deliv-
ered in face-to-face modes.25,27,40 Health-e Mums took a
more user-centred design approach by applying learnings
from previous programs on the unique needs of postnatal
women with previous GDM and how those needs might
influence the app design and user experience.41 This is an
approach taken in other apps designed to support health
infant feeding practices38 or diabetes in pregnancy care35

and the impact of this approach has been borne out in app
engagement data.38

The present study has a number of limitations. While
the use of qualitative methods yields in-depth information
on what women with previous gestational diabetes think
about the Health-e Mums app functionality, participation in
focus groups can result in social desirability and participa-
tion bias. Social desirability bias could result in overly posi-
tive responses towards the app and its functionality as a
result of participants being keen to please researchers.

However, the participants were encouraged to provide their
honest assessment and feedback throughout the focus
group and they were informed about the usefulness of pro-
viding such feedback to help improve the apps develop-
ment. It is possible that participation bias may have been
present because people who volunteered for the focus
groups may be more likely to be engaged in improving
their health or heavy mHealth users. However, the partici-
pant sociodemographic characteristics collected are similar
to the broader population of women who have previously
had GDM.27

Our findings suggest that the Health-e Mums app is suit-
able and appears to meet the needs of women with previ-
ous GDM looking for a diabetes prevention program. The
key features identified as useful were the tailored informa-
tion adapted for women with young families; bringing dia-
betes screening together with lifestyle modification; and
behaviour change support tools in the form of trackers and
diaries. Areas for improvement were food diaries being
backed with relevant Australian food data and contextual
information on functional components to aid understand-
ing on why each element or tool was useful. The women in
the present study were positive about the potential for the
Health-e Mums app to support them to improve diet and
physical activity levels and improve screening practices.
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A. APPENDIX I

A.1. Focus Group Interview Schedule

General information spoken for each focus group:
As you know, we are interested in testing some key messages of the Health-e Mums program, and to see what you think

about the app design for their delivery. I am very interested in your opinions and to hear what you have to say. Any ques-
tions before we begin?

I am planning on splitting this focus group into two main parts: discussing the app design first and then going onto the
key messages. Ok let us start on the design part now.

In front of you there is a series of screenshots, let us go through them now starting with screenshot X (these type of ques-
tions will be asked for each screenshot):
• What do you think of it when you look at it first?
• Does the information on-screen make sense to you?
• What do you think your reaction would be to having this available within an app?
• Do you think it would help you do what it is asking?

Ok let us move on to the second part of the focus group, the key messages. These messages will pop up during the time
the app is on your phone and will be prompts to think about something or do something. You might know them as push
notifications. In front of you now are a series of messages, can you have a read through and put a green coloured sticker
beside the one’s you think are good, red for those you do not like and orange for those you are not sure about. Once we
have all put our stickers on our sheets, we are going to see who liked which ones and discuss ways we might improve the
so-so or disliked ones. Does that sound ok? Ok let us start….

Great—that completes our focus group. I would like to thank you so much again for your time.
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B. APPENDIX II

B.1. Healthy-e Mums App push notification message ratings

Topic Push notification/message Ratings

Screening Hi [mothers name], [baby’s name] is now six week’s old. Time is flying by but it is
important for you to check that your diabetes is gone. Click/tap here to some tips
and information on getting your test done. (Planned for delivery at six weeks)

Like = 25
Unsure = 1
Dislike = 0

It’s hard keeping track of all your appointments and results around this time. We
have a handy tracking tool that you can use. Click/tap here to add in your
appointment details for your diabetes blood test. (Planned for delivery at seven
weeks)

Like = 20
Unsure = 4
Dislike = 2

Finding time to do your diabetes blood test is difficult but it is important to do it. If
you have an appointment booked in, click/tap here to add in the details. If not—
do not worry—you can still arrange one click/tap here to some tips and
information on getting your test done. (Planned for delivery at nine weeks)

Like = 18
Unsure = 8
Dislike = 0

[baby’s name] is nearly one and that also means it is time to book in a diabetes test.
The good news is that its a much quicker and easier test, click/tap here for
information on getting the test done. (Planned for delivery at 11 months)

Like = 26
Unsure = 0
Dislike = 0

Diabetes risk
assessment

[baby’s name] is five months old—where has the time gone! Now might be a good
time to start thinking about ways you might be able to reduce your risk of
diabetes into the future and get healthier overall. Do you know what your own
personal risk is of developing diabetes? Click/tap here to find out what your risk
is

Like = 22
Unsure = 3
Dislike = 1

Health coaching Hi [mother’s name], I am Magda and I would like to volunteer to be your own
personal health coach. Making changes to your lifestyle can improve your whole
family’s health as well as your own. I have a series of 7 topics that we can work
through together that can help you make changes at a pace that suits you and
your busy schedule. Click/tap here to read our first topic

Like = 22
Unsure = 4
Dislike = 0

Goal setting Magda here—Well done [mother’s name] on working through the first topic! As your
health coach, a really important activity we need to do is figure out what you
would like to work on and set a meaningful goal for that. Click/tap here to go to
our goal setting tool

Like = 24
Unsure = 2
Dislike = 0

Narrative storytelling
video

Hearing how other mothers just like you have handled changing their activity levels
can be really helpful. Click/tap here to watch Jane’s story

Like = 12
Unsure = 11
Dislike = 3

Module
understanding

Magda checking in! How did you get on with this topic? Click/tap here if you
would like to check your understanding

Like = 13
Unsure = 10
Dislike = 3

Fibre motivation ‘Did you know introducing [baby’s name] to a variety of vegetables will help them
get used to their taste plus make meal times easier?’ Click/tap here for some ideas
that might help

Like = 23
Unsure = 3
Dislike = 0

Introducing trackers How are you going with your goals this week [mother’s name]? Looking after [baby’s
name] is definitely a full time job. Have you tried using the food tracker tool to
help you know if you are going well with changing your food? Click/tap here to
go to the food tracker tool

Like = 22
Unsure = 3
Dislike = 1

Encouraging tracker
use

Evening [mother’s name], Magda here. I am sure it has been a long day but have you
put in your meals and snacks for today into your tracker? By doing this regularly,
you can see your progress towards your goals. Click/tap here to pop in today’s
food

Like = 23
Unsure = 2
Dislike = 1

Feedback on regular
tracker use

‘Great work [mother’s name]! You have entered 3 days of food information into your
tracker – keep it up!’ Magda

Like = 23
Unsure = 2
Dislike = 1
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Development of text messages targeting healthy
eating for children in the context of parenting
partnerships
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Abstract
Aim: There has been an increase in the use of text messaging to deliver and support health interventions. The aim
was to develop a bank of text messages targeting healthy eating for children in the context of parenting partnerships
that could be used in a family intervention.
Methods: Text messages were developed using the Theoretical Domains Framework and Behaviour Change Wheel
COM-B model by study investigators using a three-phase approach: (i) initial development of a message bank;
(ii) messages were reviewed and evaluated by experts and parents on their clarity, usefulness, and relevance using a
5-point Likert scale and open text spaces for additional feedback and (iii) refinement of messages content and fina-
lised the message bank.
Results: Messages were reviewed for ‘clarity’, ‘usefulness’ and ‘relevance’ by 20 parents and 28 health experts, who
were predominantly female (92%), parents of primary school age children (33%), of low to middle socioeconomic sta-
tus (78%), with a mean age of 39 years (SD � 9.87). From an initial set of 97 messages developed, 48 messages were
retained through consultation. Messages were designed to complement the intervention, while engaging both
parents.
Conclusions: The three-phase development created a set of text messages acceptable to experts and parents that
aim to support improvement in child eating behaviours. The process provides a template and practical guide for
researchers and health providers looking to apply a systematic approach to text messages development. Future
research should investigate acceptability and impact of these messages as a component of family-based nutrition
intervention.

Key words: children, healthy diet, parenting, text messaging.

Introduction

Parents serve as the gate keepers and role models for a
family’s food intake and have a major influence on child
eating habits.1 Family-based behavioural lifestyle interven-
tions that include parental involvement lead to better child
health outcomes, including weight, body mass index
(BMI) and other measures of adiposity.2–5 However, in
family-based interventions mothers and fathers are not
usually represented equally.6,7 A systematic review on

family-based childhood obesity studies (n = 667 studies)
found that only 51% included both mothers and fathers.6

The evidence supporting the efficacy of mothers and
fathers within dietary interventions on child health out-
comes supports the rationale for increasing parental partic-
ipation, as well as targeting both parents in childhood
obesity interventions.8

Parenting partnership or ‘co-parenting’ is the term used
to describe the relationship that both parents share in rais-
ing children.9 The quality of the parenting partnership has
been shown to positively impact a child’s social and emo-
tional development, including impulse control,10–12 which
suggests that it might influence a child’s lifestyle behaviour
and weight status. However, a systematic review of
213 studies on childhood obesity interventions found no
interventions that focused on the parenting partnership in
relation to dietary intake or childhood obesity.7 Despite
the importance and evidence for positive co-parenting the
knowledge gap indicates that research targeting the
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parenting partnership for optimising child and family out-
comes in lifestyle interventions is warranted.

Existing research suggest the use of text messages in
combination with additional behavioural interventions
(e.g. in-person weekly group sessions) are effective in sup-
porting parents with preschool children,13 as well as
adolescents,14 who were overweight and obese in improv-
ing weight-related behaviours. Evidence indicates that
mothers and fathers engage with interventions delivered via
text messages when they provide relationship focused infor-
mation, encouragement, support, and links to supplemen-
tary resources.15 Text message technology has the potential
to engage both parents by communicating corresponding
health messages in family interventions and especially
addresses barriers to paternal participation by taking inter-
vention to fathers or the parent who may not be able to
attend the intervention in a non-intrusive, temporal man-
ner.16 Currently, there is a lack of reporting within inter-
vention studies as to how text messages were developed
and whether the development process was informed by the-
oretical behaviour change frameworks or included any for-
mal evaluation with the intended recipients.17

Health behaviour change theories generally comprise
social cognitive theories which primarily focus on intra-
individual factors (i.e. reflective cognitive processes) as
opposed to wider social and environmental factors
(i.e. interpersonal influence between parent–child dyad,
and interactions within family systems).18 The Theoretical
Domains Framework (TDF) is an overarching holistic theo-
retical framework comprises of 14 key theoretical domains,
such as ‘Knowledge’, ‘Skills’ and ‘Emotion’, constructed
based on 33 behaviour change theories.19–21 The TDF
domains can be further condensed and integrated into a
behaviour change model which characterises individual
behaviour occurrences as the result of interactions between
Capability, Opportunity and Motivation (the COM-B
model).21,22 The TDF and COM-B models have been used
in existing research to develop a parent-targeted smart-
phone application (App) for childhood weight manage-
ment.23 However, the study focused on designing the App
and not on the development of text messages. Moreover,
the App content was underpinned with behaviour change
techniques at intra-individual level (i.e. food portion sizes)
as opposed to inter-individual variables (i.e. parenting part-
nership, family system). Therefore, the current study aimed
to develop a bank of text messages targeting healthy eating
within families that were specific to each parental context
using the TDF and COM-B models.

Methods

The study was approved by the Hunter New England
Human Research Ethics Committee (16/07/20/4.04) and
the University of Newcastle Human Research Ethics Com-
mittee (H-2016-0329). The text messages development
schema (Figure 1) was adapted from previous studies,24,25

with adaptations made to incorporate behaviour change
theories (i.e. TDF and COM-B models) in messages

development, and a 5-point Likert scale in the reviewer
evaluation survey, as detailed below.

Phase 1 involved design and development of messages.
Text messages were designed to be delivered to both the
father and mother, or caregiver where relevant. The inten-
tion was to engage both parenting partners in activities
related to healthy eating in families, while encouraging
them to be supportive of each other and to work together
in resolving conflicts. Three of 14 TDF domains
(i) knowledge, (ii) goals and (iii) social influences, and 4 of
9 intervention functions22 (i) education (provide informa-
tion), (ii) persuasion (prompt reflections/discussions),
(iii) modelling (prompt actions) and (iv) enablement
(prompt discussions/actions), were selected by two
researchers experienced in family-based lifestyle interven-
tion (LKC and CM) to underpin the messages development.

The content of each message corresponded one or more
intervention functions (i.e. to provide information; prompt
reflections; prompt discussions; and/or prompt actions)
which dictated the message tone and language style. The
specific message content was based on a previous survey of
Australian parents of school aged children (n = 75) which
asked them about the program content they would like to
receive if participating in a family lifestyle program.26 Exist-
ing research studies in focus groups and interviews with
parents27 and adolescents28 about text messages to address
lifestyle behaviours, as well as other health behaviour stud-
ies in children13,26 have suggested relevant topics for mes-
sages development within the current study. The most
desired program content areas were ‘Knowledge about
healthy food portion sizes for different ages’, ‘Healthy rec-
ipes’, ‘Specific information on nutrition topics’ and ‘Educa-
tion for my child about healthy eating’.26 Messages were
drafted to address this content, and some messages were
added links to online evidence-based resources. These
included factors related to eating habits, diet quality, food
preparation, family mealtimes and healthy snack ideas. By
including links for additional resources, the messages also

Phase 1
Drafting of 97 text messages, 

informed by evidence-based 

literature 

Text messages coded into behaviour 

change domains

Phase 2 
Parents (n=20) and experts (n=28)

reviewed draft text messages for 

(i) clarity, (ii) usefulness, and  

(iii) relevance  

Text messages revised based on 

feedback from review panels 

Phase 3 
Final set of 48 text messages

developed for use in conjunction

with other behavioural intervention 

components 

Figure 1 Text message development schema.
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increase opportunity for parents to facilitate behaviour
change. This pool of draft text messages (n = 97) were
developed by the research team and independently mapped
to one of the three TDF domains and one of the four inter-
vention functions by two researchers (LKC and CM). Con-
flicts were resolved between the two researchers through a
consensus discussion which acknowledged that some mes-
sages were crossing multiple domains and a final decision
was made on the most appropriate single domain and/or
function to be mapped to the draft messages. The messages
were limited to 160 characters as the maximum length to
be sent as a single text message. Messages were designed as
passive one-way interaction so that there was no need for
the recipient to reply. However, they can choose to act in
response to the message prompts and click on the links to
view resources.

In Phase 2, the messages were reviewed by experts and
parents for construct and content validation. Identified stake-
holders from two distinct groups (i) parent, stepparent, or
caregiver of a child aged 18 and below and (ii) experts in the
field of family-based research, health behavioural research, or
nutrition and dietetics were invited to review the content of
draft messages. Experts were family health researchers, health
behaviour researchers, dietitians or nutrition academics. The
expert reviewers were invited through mailing lists from aca-
demic and health institutions in the Hunter region, New
South Wales, Australia, including universities, hospitals and
health services where staff would have knowledge and expe-
rience in developing and implementing family-based inter-
vention, and/or clinical services related to healthy eating and
weight management. A convenience sample of parents were
recruited through the School of Health Sciences staff email of
the University of Newcastle which comprises both academic
and professional staff, and by snowballing and word of
mouth within the local research network at the Priority
Research Centre in Physical Activity and Nutrition, which
has over 100 members.

Both groups were asked to provide feedback via an
online reviewer evaluation survey administered using an
online survey platform (www.qualtrics.com). At the start of
the survey, reviewers were asked to indicate one or more of
the following roles that may apply to them: family
researcher, health behaviour researcher, dietitian, parent or
caregiver of a child. Researchers and/or dietitians who were
also parents were classified as experts. Participants were
then asked demographic information (8 items: gender, age,
aboriginal status, education, occupation, postcode, number
and age of children). Postcodes were matched to Socio-
Economic Indexes for Areas, Index of Relative Socio-
Economic Advantage and Disadvantage for postal areas
ranking to ascertain socioeconomic statuses (SES; i.e. low,
middle and high). Each reviewer of the same role
(i.e. expert or parent) was randomly assigned to review
either 50 messages (set A) or 47 messages (set B). For the
purposes of construct and content validation, reviewers
were asked to evaluate each message on three feedback cat-
egories: (i) clarity, (ii) usefulness and (iii) relevance to par-
ents of overweight children and respond on a 5-point

Likert scale ranging from ‘1’ (strongly disagree) to ‘5’
(strongly agree). Open text spaces were provided for addi-
tional feedback or suggestions to improve message content.
As an incentive for participation, all parent reviewers were
offered the option to enter a prize draw to win one of two
$50 gift vouchers upon survey completion.

Phase 3 involved refinement of messages content and
final selection of messages. For each message in Phase 2, a
mean score was created for each feedback category
(i.e. clarity, usefulness, relevance), with a total combined
score for each message ranging from 3 (minimum) to
15 (maximum). Messages were discarded if they scored
below 3 for usefulness, and retained without change if
scored 4 or above for all individual categories. The remain-
ing messages were refined based on reviewers’ feedback.

Once the key messages were identified, the qualitative
comments from the reviewers were checked by two
researchers (LKC and CM), in addition to rewording and
grammar, to ensure that the message content and structure
were optimal. The research team then reassessed all remain-
ing messages to create an even distribution across TDF
domains, complementary message content, and intervention
functions. A final set of text messages was selected for dis-
tribution over 12 weeks to targeted end users (i.e. mothers
and fathers), across 4-weekly rotations of decreasing fre-
quency (i.e. 5, 4, 3, then 2 text messages per week), based
on previous evidence on the importance of varying the fre-
quency of message delivery.17 The condensed set of mes-
sages was recirculated to the research team for
consideration in terms of overall appropriateness. Readabil-
ity was checked on the final set of messages using an online
tool (https://www.webpagefx.com/tools/read-able/) to
ensure the messages are comprehensible for parents with
low literacy. All reviewers were then asked to review the
final messages and provide feedback which was used to
derive the final message set. A list of the final text messages
are presented in Table S1, Supporting Information.

All analyses were undertaken using Stata version 12 soft-
ware (StataCorp, College Station, TX, USA). Results were
considered statistically significant with P-values <0.05.
Descriptive statistics were conducted to describe demo-
graphic characteristics by reviewer roles. Messages scores
were expressed in median and interquartile range by
reviewer roles and message sets (i.e. set A or B).

Results

A total of 51 reviewers completed the survey and all
reviewed the final message set. Of these, 20 were parents
and 28 were health experts. Three identified themselves as
neither parents nor experts, thus, were excluded from the
analysis. The demographic characteristics of parents and
expert reviewers were presented in Table 1. Overall, the
parent and expert reviewers (n = 48) were predominantly
female (92%), non-indigenous (100%), parents of primary
school age children (33%), between low and middle SES
class (73%), reporting having a university degree (48%),
and the group mean age were 39 years (SD � 10).
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The 20 parent reviewers were predominantly mothers
(n = 19; 95%). The parents reported having one or more
children who were aged below 5 years (n = 9; 45%), and/or
primary school age 5–12 years (n = 10; 50%), and/or sec-
ondary school age 12–18 years (n = 4; 20%). Of the
28 experts who completed the survey in Phase 2, seven
were researchers of family-based studies, 12 were health
researchers, and nine were dietitians. There were 12 experts
who had expertise in two or more areas: family research,
health research, nutrition. Of the experts, 50% were also
parents and 39% had young children aged below 12 years
at the time of participation (Table 1).

Median scores by category can be found in Table 2. Over-
all, the 97 messages had a median (interquartile range) group
score (max = 15) of 13 (1.5), with sub-scores (max = 5) of
4 (1) for each individual category: clarity, usefulness and rel-
evance. The overall total scores were not significantly differ-
ent between parents and experts in either message set. While
family and health researchers did not differ significantly in
their message scores, dietitians rated the messages signifi-
cantly lower for all categories compared to family
(P < 0.001) and health researchers (P < 0.001).

Based on the message review protocol adapted from pre-
vious studies,24,25 65 messages were retained without
changes (score ≥4 for all three categories); 14 messages
were retained and reworded to improve clarity; 18 messages

were reassessed for potential inclusion, resulting in agree-
ment (LKC and CM) to discard 12 messages. The revisions
involved minimal corrections including spelling, grammar
and minor wordings. A final set of 48 messages was
selected as a set for use within an intervention targeting
parents to improve dietary behaviours of their children.
The set consisted of 36 messages targeting both the parents,
6 messages targeting fathers and 6 messages targeting
mothers. The set contained a combination of messages
which aim to provide information about healthy eating,

Table 1 Demographics of participants by reviewer roles

Demographics Parents Family Health Dietitian Combined

Participants, n (%) 20 (100) 7 (100) 12 (100) 9 (100) 48 (100)
Age (years), mean (SD) 41 (9) 45 (12) 36 (10) 37 (9) 39 (10)
Gender, n (%)

Female 19 (95) 5 (71) 12 (100) 8 (89) 44 (92)
Male 1 (5) 2 (29) 0 (0) 1 (11) 4 (8)

Education, n (%)
Certificate/Diploma 2 (10) 0 (0) 0 (0) 0 (0) 2 (4)
University Degree 10 (50) 2 (29) 7 (58) 4 (44) 23 (48)
Higher University Degree 8 (40) 5 (71) 5 (42) 5 (56) 23 (48)

SEIFA, n (%)
Low (IRSAD 1–3) 7 (35) 3 (43) 1 (8) 1 (11) 12 (25)
Mid (IRSAD 4–6) 6 (30) 7 (100) 6 (50) 4 (44) 23 (48)
High (IRSAD 7–10) 7 (35) 2 (29) 1 (8) 0 (0) 10 (21)

Invalid postcode 0 (0) 0 (0) 1 (8) 2 (22) 3 (6)
Number of children, n (%)

None 0 (0) 2 (29) 8 (67) 4 (44) 14 (29)
1 4 (20) 1 (14) 0 (0) 0 (0) 5 (10)
2 5 (25) 1 (14) 1 (8) 4 (44) 11 (23)
3 5 (25) 2 (29) 2 (17) 1 (11) 10 (21)
4 4 (20) 1 (14) 1 (8) 0 (0) 6 (13)
5 1 (5) 0 (0) 0 (0) 0 (0) 1 (2)
6 1 (5) 0 (0) 0 (0) 0 (0) 1 (2)

Age of children (years), n (%)
0–5 9 (45) 2 (29) 0 (0) 3 (33) 14 (29)
5–12 10 (50) 1 (14) 1 (8) 4 (44) 16 (33)
12–18 4 (20) 1 (14) 1 (8) 0 (0) 6 (13)
Above 18 6 (30) 2 (29) 3 (25) 1 (11) 12 (25)

IRSAD, Index of Relative Socio-Economic Advantage and Disadvantage; SEIFA, Socio-Economic Indexes for Areas.

Table 2 Overall median score and interquartile range
(IQR) of text messages (n = 97) by feedback category

Parents Experts Combined

Number of reviewers, n 20 28 48
Total score (3–15),

median (IQR)
12.5 (1.5) 13 (2) 13 (1.5)

Clarity (score 1–5),
median (IQR)

4 (0.5) 4 (1) 4 (1)

Usefulness (score 1–5),
median (IQR)

4 (0.5) 4 (1) 4 (1)

Relevance (score 1–5),
median (IQR)

4 (0.5) 5 (1) 4 (1)

IQR calculated by Q3 (75th) minus Q1 (25th).
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prompt reflections and discussions related to healthy eating
goals, and promote healthy eating behaviour. Messages with
a focus to improve knowledge (n = 14; 29%) were mainly
giving information to impart knowledge. Messages that
focused on goals (n = 15; 31%) to prompt actions related
to goal settings and action planning. Messages to address
social influences (n = 19; 40%) prompted reflection to
inform discussion and subsequent actions. The overarching
form of action was to achieve discussions between parents
about child health behaviours. The literacy level of the final
set of messages was on average grade 6 level for readability
(i.e. readily understood by most 11–12-year-old).

Discussion

The aim of the current study was to develop a set of text
messages that targeted healthy eating behaviours within
families and to leverage the important role that parents and
the parenting partnership plays in determining child and
family health outcomes. The current study employed a
review process involving a range of experts and researchers
in family and health behaviour research, nutrition aca-
demics, dietitian, and parents as message recipients who
reviewed and provided suggestions to improve message
content and clarity. The three phases of the message devel-
opment provide a practical guide for researchers and health
providers looking to apply a systematic approach to text
messages development in the future.

Evidence suggests that children can achieve improved
behavioural outcomes (e.g. stronger impulse control) when
their parents report stronger parenting partnerships.10–12

However, there are limited studies utilising parenting part-
nerships to address child eating behaviours, hence the cur-
rent approach is novel. The messages were designed to be
implemented in combination with additional behavioural
interventions (e.g. website, face-to-face group sessions) to
prompt parents on healthy eating within the family while
simultaneously leveraging the influence of parenting part-
nerships to support lifestyle change. The inclusion of mater-
nal and paternal specific text messages was to help engage
both parents in the behaviour change, and to potentially
overcome only one parent being responsible for change.6,7

Reporting of methods used to develop text message con-
tent is currently lacking in the literature. It is commonly
unclear whether the text messages were developed in an ad
hoc way, informed by behaviour change theoretical frame-
works, reviewed by health experts, or co-developed with
feedback from the intended recipients. The current paper
outlines the details of the application of the TDF21 and
COM-B models22 for development of text messages under-
pinned by relevant theory and informed by the evidence on
efficacious child weight management strategies within the
context of the parenting partnership. The current study
contributes to the literature gap by presenting a systematic
process for the development of text messages.20,21 The text
messages developed in the current study were also
grounded in theory and evidence concerning the

importance of the relationship that parents share in the rais-
ing of children, the parenting partnership.

Limitations of the current study include the small sample
of reviewers evaluating the messages who were predomi-
nantly female (92%). Despite open recruitment strategies
were used to be inclusive of both mothers and fathers, par-
ent participants who responded to invitation to participate
were primarily mothers and well-educated. A systematic
review on 667 family-based childhood obesity studies
found that only 17% of the total parent participants were
fathers.6 Future research involving usability testing with
parents and evaluation of the effects of the text messages on
child eating behaviour should actively recruit both parents/
caregivers especially fathers. Lastly, the final set of text mes-
sages was developed specifically for a parent population
with school aged children in the context of improving chil-
dren’s eating habits. Further research is warranted to apply
the developed methodology for other population groups
and health contexts to expand the literature on text mes-
sages in specific areas of family intervention.

In conclusion, the text messages development process,
which incorporated messages underpinned with the TDF
and COM-B models of behaviour change, created a set of
text messages acceptable to experts and parents (primarily
mothers) that aim to support improvement in child eating
behaviours. The consultation process provided assurance
that the text messages were likely to be comprehensible,
useful, and relevant to parents seeking to improve their
children’s dietary intake.
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ORIGINAL RESEARCH

Estimating plate-based model food proportions in
adults living in Scotland using short dietary
assessment questionnaires
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Abstract
Aim: To determine whether a food frequency questionnaire (FFQ) and a short dietary assessment tool can be used to
accurately estimate the Eatwell Guide proportions (a plate-based food model) of diets of adults living in Scotland.
Methods: The cross-sectional study was conducted as a follow up of the 2010 Scottish Health Survey (participants
aged 18–65 years old). Proportions of the Eatwell Guide food groups (starchy carbohydrates, fruits and vegetables
(F&V), dairy and alternatives, protein foods and oils and spreads) were calculated from the Scottish Health Survey
Eating Habits Module (SHeS EHM), Scottish Collaborative Group FFQ (SCG FFQ) and a seven-day estimated food diary
(reference method), and compared using the Aitchison method and Wilcoxon Signed-Rank Test. Bland–Altman
analyses assessed mean difference and 95% limits of agreement between the methods for each food group.
Results: Ninety-six adults were included (mean (SD) age = 51.4 (11.1) years; body mass index = 27.1 (4.9) kg/m2;
58% female). The SCG FFQ scored a lower median Aitchison distance (1.47) than the SHeS EHM (1.99) (P < 0.001),
showing greater agreement with the reference method (P < 0.001). Bland–Altman plots also showed better agree-
ment for the SCG FFQ than the SHeS EHM. Poorest agreement was for starchy carbohydrates (both methods), protein
foods (SHeS EHM) and dairy (SCG FFQ).
Conclusions: The SCG FFQ could be used to estimate Eatwell Guide proportions and monitor compliance to the
Eatwell Guide recommendations and could be improved with small changes. The SHeS EHM is less suitable, but
additional questions on dairy foods, and oils and spreads would improve its ability to estimate the Eatwell Guide
proportions.

Key words: diet, health promotion, nutrition policy, public health, surveys and questionnaire.

Introduction

Many countries have national dietary models to guide
people to make healthier dietary choices such as the United
States Department of Agriculture Human Nutrition Infor-
mation Service ‘MyPlate’,1 the Australian Guide to Healthy
Eating2 and China’s Food Pagoda.3 In the UK, the Eatwell
Plate4 has been used since 1995 and provides a visual
representation of the types and proportions of major food

groups needed for most healthy adults. This was updated
in 2016, and is now called the Eatwell Guide.5 The Eatwell
Guide is split into five segments representing five food
groups: (i) potatoes, bread, rice, pasta and other starchy
carbohydrate foods (starchy CHO); (ii) fruit and vegetables
(F&V) (iii) dairy and alternatives (dairy); (iv) beans, pulses,
fish, eggs, meat and other proteins (protein) and (v) oils
and spreads (oils) with the recommended proportions
(by weight) being 38, 40, 8, 12 and 1%, respectively5

(Figure 1a). Two additional groups, which are placed out-
side the main pie diagram, are foods that are high in fat, salt
and sugars (HFSS) and selected fluids (hydration). No
recommended amount is given for the former, other than
that foods in this category should be consumed infre-
quently and in small amounts, if at all. Six to eight glasses
of fluid each day are recommended, with a limited contri-
bution of 150 ml/day from fruit juices and smoothies.

Dietary assessment tools are valuable in population moni-
toring and surveillance activities to measure how well people
comply with dietary guidelines, and monitor trends over
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time.6 No dietary instrument exists to assess compliance
with the Eatwell Guide at either a population or individual
level. One of the most important issues in dietary monitor-
ing is selecting an appropriate assessment measure, which
depends on its purpose.7 As the Eatwell Guide calculations
are based on the weight of food, weighed food diaries may
be considered appropriate; however, they can be costly,
time-consuming and have a high respondent burden, and
can consequently result in a change in diet and a record that
is unrepresentative of habitual diet,8 making them unsuita-
ble for large-scale population surveys.7 Estimated diaries
reduce respondent burden. Twenty-four hour recalls require
repeat measures to ensure the assessment of habitual diet for
an individual, although statistical methods can be applied to

estimate usual dietary intakes using 24 hour recalls.9 Food
frequency questionnaires (FFQs) have the advantage of mea-
suring habitual diet and are a less labour intensive method
of collecting dietary data at the population level,10 although
portion weight is limited to fixed response options. Short
dietary assessment instruments can give a broad measure of
overall diet quality and monitor the population’s progress
towards national dietary recommendations.6,11,12 They are
widely used in population health surveys,13–15 reflecting
their practicability in the context of a large representative
national survey, particularly in situations when time is con-
strained and there is limited space for questions on diet.
However, they only collect data on selected foods which
may not be representative of all food groups.

Figure 1 The Eatwell guide proportion recommendations (a)5 and the mean dietary intake proportions by weight as calcu-
lated from a seven-day food diary (b), Scottish health survey (SHeS) eating habits module (c) and the Scottish collaborative
group food frequency questionnaire (FFQ) (d). F&V, fruits and vegetables. (a) Reference Eatwell guide proportions. (b) Diary
estimate of Eatwell guide proportions. (c) SHeS estimate of Eatwell guide proportions. (d) FFQ estimate of Eatwell guide pro-
portions. ( ) F&V, ( ) starch, ( ) oil, ( ) dairy, ( ) protein
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The use of short dietary assessment tools and question-
naires to measure adherence to national dietary targets has
been examined.6,11,16 In Australia, a food habits question-
naire and semi-quantitative FFQs have been used to mea-
sure adherence to food-based dietary guidelines.6,11

In Scotland, a dietary targets monitor was previously evalu-
ated for use in large-scale surveys to assess population food
intake in relation to key dietary targets based on the
National Food and Health Policy.16 Currently, population
adherence to the Scottish Dietary Targets is monitored
through a short 24-item questionnaire.15 However, there is
a lack of research examining the ability of dietary assessment
tools to estimate the proportions of major food groups
(i.e. 40% of intake from fruit and vegetables based on
weight, as used in the Eatwell Guide) in comparison to por-
tion size food group recommendations (e.g. two serves of
fruit and five serves of vegetables). The present study aimed
to compare the Eatwell Guide proportions calculated using
an FFQ and a short dietary assessment tool to determine
whether they can accurately estimate the Eatwell Guide pro-
portions in adults living in Scotland compared with esti-
mated food diaries.

Methods

The study was of cross-sectional design carried out between
July and December 2013. As the aim was to recruit a repre-
sentative sample of Scottish adults, participants who had pre-
viously taken part in a nation-wide health survey (2010
Scottish Health Survey) and agreed to be contacted about fur-
ther research, were invited to participate. The Scottish Health
Survey recruited 8473 adults who were randomly selected
using postcode address files (response rate = 55%).17 For the
present study, the Scottish Health Survey team randomly
selected 1600 participants from the 2010 survey (800 men
and 800 women). Eligible participants were aged 18–65 years
old, living in Scotland and had complete data for sex, age,
height, body weight and Scottish Index of Multiple Depriva-
tion Score (SIMD).18 Potential participants received a mailed
envelope containing an invitation letter, a consent form, a
general questionnaire and a freepost return envelope. The
present study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the Rowett
Human Studies Ethical Review Panel. The reporting adheres
to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement.

The present study compared an FFQ, the Scottish
Collaborative Group FFQ (SCG FFQ), with a short die-
tary assessment tool, the Scottish Health Survey Eating
Habits Module (SHeS EHM). Participants completed the
simpler dietary assessment measures first (SHeS EHM,
then SCG FFQ and seven-day estimated food diaries (ref-
erence method)) to minimise the potential for responses
to influence the subsequent measure. Participants com-
pleted estimated instead of weighed food diaries to reduce
burden.

Dietary intake is assessed at a population level in Scot-
land through the SHeS EHM;15 a component of the annual
Scottish Health Survey. The EHM is a short 24-item
interviewer-led questionnaire that assesses consumption of
foods relevant to the Scottish Dietary Targets.15 The SHeS
EHM collects fruit and vegetable intake data through a
24 hour recall using ‘everyday’ food portion terms (such as
tablespoons, cereal bowls and slices) for the following food
types: vegetables (fresh, frozen or canned); salads, pulses,
vegetables in composite dishes and fruit (fresh, frozen or
canned), dried fruit and fruit in composite dishes. The
SHeS EHM also includes questions on the consumption of
a variety of other food and drink items, to gather informa-
tion on eating habits more generally. The SHeS EHM
assesses frequency of consumption and, other than fruit
and vegetable intake, was not designed to quantify amounts
consumed.19 A trained researcher administered the SHeS
EHM as a telephone interview, following the protocol used
in the SHeS. Prior to the interview, participants were mailed
response cards (outlining possible consumption amounts
and frequencies) required for completing the SHeS EHM.

The SCG FFQ (version 6.6)20 is a validated 169-item,
semi-quantitative dietary assessment instrument that has
been developed to estimate and rank the dietary intake of a
wide range of nutrients in large-scale UK epidemiological
studies.21,22 The SCG FFQ covers 169 food items grouped
into 21 categories (e.g. breads and breakfast cereals).
Possible responses for frequency of consumption range from
‘rarely’, to once in a month, to seven days a week, and the
number of serves (from 1 to 5+ per day) for the amount usu-
ally consumed. Standard household measures (e.g. one
tablespoon and one teaspoon) or items (e.g. one small cake
and one medium slice) are listed as portion size responses.23

The SCG FFQ was used to describe each participant’s habit-
ual diet over the previous two to three months.20 Partici-
pants received the paper-based SCG FFQ via mail and
returned the FFQ within one week. Participants received a
reminder letter if they failed to return the FFQ. Participants
with >10 missing responses were contacted by telephone and
asked to clarify responses and provide missing information.

Participants also completed a seven-day estimated food
diary, starting on different days of the week and completed
over consecutive days. Participants recorded all food and bev-
erages consumed in a paper-based diary, which included
standard food portion size photographs24 to help them
describe the quantities of foods and drinks consumed. Partici-
pants could also report weights from packaged food, record
brand names of commercial products and identify if ‘low-fat’,
‘low-sugar’, ‘low-calorie’ or ‘diet’ products were used, to aid
identification of the correct food item (or closest substitute)
in the food composition tables. Participants received a
reminder letter if they failed to return their completed diary
and were contacted by telephone to clarify responses and
provide missing information if necessary. Food diary data
were analysed using Wisp 4.0 (Tinuveil Software Ltd, Llanfe-
chell, UK, 2013) using the UK food composition tables.25

Food and drinks were categorised to the Eatwell Guide
food groups (based on weight in grams) for the SHeS EHM,
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SCG FFQ and food diary. Because the SHeS EHM does not
assess portion size, each food item was assumed to represent
the consumption of one average serving of food, as with
other non-quantitative surveys.6,11,16 Average serving sizes
were estimated from UK reference food portion sizes.23

For the food diary, foods were categorised according to
their weight after preparation, taking into account cooking
weight changes and food preparation losses where neces-
sary. If the raw weight of foods (i.e. from recipe compo-
nents) were recorded, these food weights were converted to
‘as eaten’ weights by adjusting for weight changes using the
edible conversion factor in the food composition tables and
cooking weight changes.25 For composite dishes that con-
tained food items from more than one food group, such as
lasagne, the dish was disaggregated and the appropriate
proportion was assigned to the applicable Eatwell food
group26 using representative recipes from food composition
tables25 (n = 39), internet sources (n = 67) or from the list
of ingredients (n = 99).

As recommended, the weights of all liquids (i.e. milk
and fruit juices) in the Eatwell Guide were halved to adjust
for their high water content (and therefore weight) having a
large effect on the Eatwell Guide proportions.27,28 The
water content of soups was removed from the calculations.
Similarly, the protocol used for soft drinks in the develop-
ment of the Eatwell Guide29 was also applied to the food
diary, SHeS EHM and SCG FFQ, with calculations per-
formed based on sugar content only and assigned to the
HFSS food group. Sugar content in soft drinks was
obtained from food composition tables25 or product labels.
Alcoholic beverages and miscellaneous foods that are not
included in the Eatwell Guide (such as sauces, pickles, tea
and coffee) were assigned to a miscellaneous food group for
completeness but were not analysed. The process to calcu-
late each participant’s Eatwell Guide proportions involved
four steps outlined in Appendix I. Basal Metabolic Rate
(BMR) was estimated using the equations of Schofield,30

and the ratio of reported energy intakes from the SCG FFQ
and estimated food diaries to BMR calculated to assess the
plausibility of the dietary intakes.31

Data were analysed using SPSS Version 22 (SPSS/IBM
Corp, Armonk, New York, NY, USA). Dietary data from
the study were linked with demographic data collected
during the 2010 Scottish Health Survey, which included
both continuous (e.g. age) and categorical variables
(e.g. sex, SIMD and area of residence). Anthropometric
data (height and weight) were objectively measured dur-
ing a home visit as part of the original data collection.
Height was measured in centimetre to the nearest
0.02 cm using portable stadiometers (unspecified make
and model). Weight was measured in kilogram to the
nearest 100 g (Tanita THD-305 or Seca 870 scales).17

Participants who reported SCG FFQ energy intakes at the
highest and lowest 2.5% of the sample were excluded, in
line with the current University of Aberdeen internal SCG
FFQ standard operating procedure (SCG FFQ SOP 5:
Analysing and interpreting data). The absolute amounts
(g/day) of the Eatwell Guide categories by the three

assessment methods were compared using Friedman tests
as the data were skewed and the concurrent assessment
measures were not independent. Wilcoxon Signed-Rank
tests were subsequently performed to test for differences
between pairs of assessment measures.

The proportions of the Eatwell Guide categories calcu-
lated from the food diary, the SHeS EHM and SCG FFQ
were compared using the Aitchison method, which com-
putes the distance between two sets of composition data.32

This method measures the distance as multi-axis vectors
where there are, in the case of the Eatwell Guide, five axes
(one for each of the Eatwell Guide food groups that make
up the pie diagram), and calculates the sum of the distances
between the two methods. The Aitchison method compares
the distance between compositional data collected using a
reference method (x; e.g. food diary) and different test
methods (y; SCG FFQ or SHeS EHM). The minimum Aitch-
ison distance value is zero (for perfect agreement between
the two methods), and the maximum would be 16.3, as
used in these analysis. A Wilcoxon signed-rank test deter-
mined whether the SCG FFQ or SHeS EHM had a lower set
of Aitchison distance values. Significance levels were set at
P < 0.05. Bland–Altman analyses assessed mean difference
and 95% limits of agreement between the SCG FFQ or SHeS
EHM and the food diary for each of the five food groups.33

Comparisons between the SHeS EHM and the food diary
were not made for the oils and spreads food group because
the SHeS EHM contains no questions on these.

Results

One hundred and fifty participants agreed to participate
(a response rate of 10%; Appendix II). Forty-nine partici-
pants dropped out prior to completing all three dietary
assessment measures, leaving 101 participants (67%) with
complete data. According to the SCG FFQ protocol, five
participants reporting energy intakes at the highest and
lowest 2.5% of the sample were removed from the analysis,
with 96 participants in the final sample analysis. The mean
(SD) ratio of reported energy intake to BMR was 1.62
(0.43) and 1.13 (0.27) for the SCG FFQ and estimated food
diary methods respectively, with 10 (11%) and 51 (53%)
participants being below the method specific cutoff for
plausible reports (1.14 × BMR and 1.10 × BMR, respec-
tively). The sample had a mean (SD) age of 51.4 (11.1) years,
and a body mass index (BMI) of 27.1 (4.9) kg/m2 (Appendix
III). The sex proportion (57% women) and BMI (27.4 kg/m2)
of the 2010 SHeS sample34 was similar to the sex distribution
and BMI of participants in the current study. However, more
participants in the 2010 SHeS sample lived in an urban loca-
tion (72%) and there was a more even distribution of partici-
pants across the five SIMD quintiles than in the current study
(median: Quintile 3).35

Absolute amounts (g/day) of the Eatwell Guide foods as
measured by the three methods are reported in Table 1.
The proportions of food consumed from each of the five
Eatwell Guide categories (according to the food diary) are
reported in Figure 1b. In comparison to the Eatwell Guide
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recommendations (Figure 1a), the participants consumed
very few starchy CHO foods (26 vs 38% recommended),
and less than the recommended amount of F&V (34 vs
40% recommended). The contribution of dairy foods and
protein foods was higher than recommended (21 and 18%
vs 8 and 12% recommended, respectively).

The SCG FFQ scored a lower median Aitchison distance
(1.47) than the SHeS EHM (1.99), meaning that the SCG
FFQ was closer to the food diary in estimating the Eatwell
Guide proportions in comparison to the SHeS EHM
(Table 2) (Wilcoxon signed-rank test: P < 0.001). A visual
representation of the dietary intake of the participants as
assessed through the SHeS EHM and SCG FFQ is shown in
Figure 1 (c and d, respectively). Breaking the analysis down
by Eatwell Guide food group categories, the SCG FFQ and
SHeS EHM were similar in their ability to estimate four of
the five food groups with the oil and spreads being notably
different as this food group was not fully captured by the

SHeS EHM or the SCG FFQ, although this food group con-
tributes relatively little to the overall weight of food
(g) consumed. Bland–Altman plots (Figure 2 and Table 3) to
assess relative agreement between the SCG FFQ and food
diary showed good agreement for the F&V, starchy CHO,
dairy and protein food groups, but evidence of decreasing
agreement with increasing contribution of oils and spreads
to the diet. The SHeS EHM showed poorer agreement with
decreasing agreement with higher intakes of F&V and pro-
tein foods. The SHeS EHM appeared to show increasing
underestimation of the dairy, and oils and spreads food
groups with higher intakes. The latter being because the
SHeS EHM did not estimate intakes of oil and spreads at all.

Discussion

The study found that the SCG FFQ was closer to the food
diary in estimating the Eatwell Guide proportions, but

Table 1 Number of foods contributing to each Eatwell guide food group as measured by the seven-day food diary estimate
(reference method), SHeS EHM and SCG FFQ (n = 96), and median (interquartile range) daily intakes (g/day)

Assessment method
Fruit and
vegetables

Starchy
CHO

Oil and
spreads Dairy Protein HFSS Hydration

Number of foods
Food diary 24 25 15 26 34 46 12
SHeS EHM 15 5 0 2 21 12 6
SCG FFQ 41 38 3 20 43 52 13

Daily intake
Food diary 277AB

(180–363)
184AB

(154–244)
4.7A

(1.3–10.1)
156AB

(101–215)
130AD

(95–184)
138AD

(101–192)
654B

(461–905)
SHeS EHM 490B

(297–684)
244BC

(169–291)
N/A 53BC

(41–69)
159CD

(111–219)
160D

(87–274)
257BC

(203–413)
SCG FFQ 465A

(309–670)
319AC

(237–443)
0A

(0–6.0)
223AC

(161–323)
201AC

(149–289)
191A

(125–262)
704C

(522–904)
Wilcoxon signed-rank

test (P value)
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Foods HFSS. Values with the same letter in each column were significantly different, Wilcoxon signed-rank test.
Statistically significant differences in the values of daily intake of each food group, as measured by the three assessment methods, are indi-
cated by the same superscript letter in each column; values in each column (i.e. food group by the three assessment methods) with the same
letter are statistically different; A, B, C P < 0.001. D P < 0.005.
HFSS, high in fat, salt and sugar; SCG FFQ, Scottish collaborative group food frequency questionnaire; SHeS EHM, Scottish health survey
eating habits module; starchy CHO, starchy carbohydrates.

Table 2 Median (inter quartile range) Aitchison distance between the seven-day food diary estimate (reference) and SHeS
EHM and SCG FFQ (n = 96)

Assessment
method

Aitchison distance

Fruit and
vegetables

Starchy
CHO

Oil and
spreads Dairy Protein Total

SHeS EHM 0.115
(−0.508–0.413)

0.455
(−0.025–0.798)

N/A 1.73
(1.21–2.13)

0.425
(−0.060–0.760)

1.99
(1.690–2.49)

SCG FFQ 0.190
(−0.370–0.710)

0.320
(−0.268–0.660)

0.330
(−0.035–1.41)

0.325
(−0.255–0.825)

0.265
(−0.125–0.783)

1.47
(0.983–1.880)

The oil and spreads component of the Aitchison distance could not be calculated as all values were zero for the SHeS EHM method.
Lower Aitchison distance indicates better agreement with the reference.
SCG FFQ, Scottish collaborative group food frequency questionnaire; SHeS EHM, Scottish health survey eating habits module; starchy
CHO, starchy carbohydrates.
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when broken down by food group categories, the SCG FFQ
and SHeS EHM were similar in their ability to estimate four
of the five food groups (starchy CHO, F&V, dairy and pro-
tein) but not for oils and spreads. There was good relative
agreement between the SCG FFQ and food diary for the
same four food groups, but evidence of decreasing agree-
ment with increasing contribution of oils and spreads to the
diet. The SHeS EHM showed poorer agreement with
decreasing agreement with higher intakes of F&V and pro-
tein foods. The SHeS EHM appeared to show increasing
underestimation of the dairy, and oils and spreads food
groups with higher intakes (as the SHeS EHM did not esti-
mate oil and spreads).

Although a new tool to assess adherence to the Eatwell
Guide could have been constructed as other studies have
done,6 choosing existing questionnaires enabled us to
determine the value of two functioning dietary assessment
instruments that have been used to measure the dietary
intake of the Scottish population. The SHeS EHM and SCG
FFQ were chosen as they are used to measure dietary intake
at a population level, and they have been adapted to reflect
the eating habits of the Scottish population.15,20,34

The study also identified discrepancies in the SHeS
EHM in assessing the Eatwell Guide proportions
(i.e. substantial under or overestimation). The difference
between the food diary and SHeS EHM was greatest for
the dairy category. Bland–Altman plots indicated increas-
ing bias with higher intakes of dairy foods, reflecting the
limited dairy-related questions in the SHeS EHM. While

the SHeS EHM asks participants to identify the type of
milk usually consumed and the frequency of consumption
of cheese (not including cottage cheese and other reduced
fat cheese), there are no questions assessing the frequency
of consumption for milk, yoghurt or reduced fat cheese,
meaning that any intake of these foods could not be
included in the analysis. This contributed to an inaccurate
dairy proportion calculation of 6% in the SHeS EHM, in
comparison to the reference proportion by the food diary
of 21%. The SHeS EHM had no questions that related to
the frequency of consumption of oils and spreads, and the
amount (g/day), and therefore contribution of this food
group to total intake was zero for all participants. Simi-
larly, the FFQ has no direct questions about the amount
and frequency of consumption of oils and spreads. Con-
sumption of spreads can be only partially estimated from
the types of spreads used and the amounts usually used on
bread and toast in the SCG FFQ. Estimation of the oils
and spreads food group of the Eatwell Guide by the SCG
FFQ could be improved with one additional question on
the amount and frequency of consumption of oils used for
cooking and in dressings, and one on the amount and fre-
quency of spreads used in cooking and baking. Absolute
intakes of the remaining Eatwell Guide’s main food groups,
and the discretionary HFSS group, were significantly
higher when estimated by the FFQ than the food diary,
but the proportions of the main food groups were similar.
Generally, FFQs tend to overestimate intakes relative to
food diary methods.

Figure 2 Bland–Altman plots to assess the relative agreement for each of the five food groups between the Scottish collabo-
rative group food frequency questionnaire (SCG FFQ) and Scottish health survey (SHeS) and an estimated food diary in
healthy adults aged 18–65 years living in Scotland. Dairy, milk and dairy foods; F&V, fruit and vegetables; HFHS, foods and
drinks high in fat and sugar; HP, meat, fish, eggs, beans and other non-dairy sources of protein; Starch, bread, rice, potatoes,
pasta and other starchy foods. Note: The difference in food group proportion between the SCG FFQ-food diary and the
SHeS-food diary is plotted versus the mean proportion from the two respective methods, where represents the mean differ-
ence (bias) and ------ represents the 95% limits of agreement. In the Bland–Altman plots, the y-axis shows the difference
between the two paired food group proportion measurements (e.g. SCG FFQ and estimated food diary (reference)) and the
x-axis represents the average of these measures ((SCG FFQ + estimated food diary (reference))/2). The plot for the difference
between the SHeS and the food diary for the food group oils and spreads is not shown (see text).

Table 3 Mean difference (bias) and 95% limits of agreement for the difference in food group proportion between the SCG
FFQ-food diary and the SHeS-food diary

Eatwell guide
food group

SHeS EHM SCG FFQ

Mean
bias (%)

Upper limit of
agreement (%)

Lower limit of
agreement (%)

Mean
Bias (%)

Upper limit of
agreement (%)

Lower limit of
agreement (%)

Fruits and vegetables 11.60 43.60 −21.04 2.56 23.31 −18.61
Starchy CHO 0.03 22.78 −23.18 0.53 17.26 −16.55
Oil and spreads N/A N/A N/A −0.58 1.51 −2.71
Dairy −14.59 4.97 −34.56 −1.28 17.32 −20.26
Protein 0.75 22.85 −21.80 −1.23 12.43 −15.16

Mean bias is the mean difference between the assessment method and the reference method. Upper limit of agreement is the mean bias
+1.96 × SD, and the lower limit of agreement is the mean bias −1.96 × SD. Values for the difference between the SheS EHM and the food
diary for the food group oils and spreads are not applicable (N/A) (see manuscript text).
SCG FFQ, Scottish collaborative group food frequency questionnaire; SHeS EHM, Scottish health survey eating habits module; starchy
CHO, starchy carbohydrates.
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The underestimation of the dairy proportion by the SHeS
EHM influences the accuracy of proportions from the other
food groups as the proportion estimates for each food cate-
gory rely on the sum of the weight of all foods as the
denominator. Despite this limitation, the data were analysed
based on proportion estimates and not absolute frequency
or quantity because the purpose of the present study was to
examine the ability of the SHeS EHM and SCG FFQ to
measure population adherence to the Eatwell Guide recom-
mendations which are based on proportions of the major
food groups. The large discrepancy in fruit and vegetable
proportions between the SHeS EHM and the food diary
may be because the high fruit and vegetable intake assessed
through the SHeS EHM is unrepresentative of habitual
intakes because of the small sample size (n = 96) combined
with the shorter reporting period of a single 24-hour recall.
For example, the Eatwell Guide fruit and vegetable group
was estimated at 28.8% in the 2008–2011 National Diet
and Nutrition Survey, which used four-day food diaries to
collect dietary data.36

The study also identified other methodological limitations
inherent in the application of the Eatwell Guide. As the weight
of food is used to calculate the food group proportion, it
assumes that foods within the same food group have the same
nutritional quality regardless of weight. For example, 100 g of
unprocessed meat (e.g. chicken breast and beef steak) and
100 g of processed meat products (e.g. chicken nuggets and
sausages) are considered an equivalent meat product, despite
having distinct differences in fat, saturated fat, sodium and
actual meat content.25 Other international plate-based food
models1,2 provide more guidance with regards to portion size
(e.g. serving size for every food group, recommended servings/
day and approximate energy from one food serving) which is
limited in the Eatwell Guide.37 Without guidance on portion
sizes and recommended servings per day, a person could over-
consume food and in theory still meet the Eatwell Guide rec-
ommendations, providing they overconsumed proportionately
in all food groups. Another challenge in analysing dietary data
by food group is that many meals are in the form of dishes
with ingredients from more than one food category (combina-
tion/ composite foods).26,38 To accurately monitor dietary
intake, participants need to identify the primary ingredients
and quantities in the composite dishes they consume, and
identify how these ingredients fit within the proportions
recommended by the Eatwell Guide. Using existing dietary
assessment tools (such as those used in the current study)
moves this requirement from the participant to the researcher,
thereby reducing participant burden and allowing consistency
in the breakdown of composite dishes into the Eatwell Guide
food group proportions. The SCG FFQ can also provide esti-
mated intakes (g/day) of macro and micronutrients, whereas
the advantages of the SHeS EHM include its lower participant
burden and ease of data entry. Thus, the choice of dietary
assessment method to estimate Eatwell Guide proportions
may be influenced by the tradeoff between estimating nutrient
intakes and participant workload.

There are limitations in the study. While the food diary
(reference method) cannot measure ‘true’ dietary intake,

using measurement instruments that rely on different
factors (e.g. memory, fixed list of foods and perception of
portion sizes), avoid introducing similar biases, and have
different associated measurement errors, may prevent an
overestimation of agreement of dietary intake in validation
studies.7 Self-reporting dietary intakes usually lead to a
change in the amounts and types of foods consumed dur-
ing the reporting period, for ease of reporting and because
of social desirability, producing estimates of energy intake
that tend towards being lower than habitual intakes8

(as evident through the food diary). Underreporting of
foods when recording dietary intake is common, if not
universal, across all methods of self-reported dietary
assessment,8 and there is no satisfactory method of adjust-
ing for this without introducing additional bias. While par-
ticipants spanned across all SIMD quintiles, the most
deprived SIMD quintiles were underrepresented. The sam-
ple is likely to be primarily of highly motivated people,
whose dietary intake and knowledge and interest in their
diet may differ from the general population. The study had
a low response rate of 10% that was probably a conse-
quence of the three-year gap between the original SHeS
and the current Eatwell Guide Study. Although the study
sample was representative of the 2010 Scottish Health Sur-
vey sample based on sex and BMI,17 more participants in
the Scottish Health Survey sample lived in an urban loca-
tion than in the Eatwell Guide study.

The Eatwell Guide is the UK’s policy tool for collating
and disseminating the government’s healthy eating recom-
mendations. Currently, no dietary assessment instrument
exists to assess compliance with the Eatwell Guide at either
a population or individual level, and it is not possible to
measure how well the UK population complies with the
Eatwell Guide, or monitor trends over time. The findings of
the present study suggest that the SCG FFQ in its current
state could fill the gap and could be improved with small
changes. However, the FFQ takes 20–30 minutes for the
participant to complete, which may be considered too time-
consuming for monitoring dietary intake in a general health
survey in which other health indicators, such as mental
health and wellbeing, physical activity, dental health, smok-
ing and long-term health conditions as well as physical
measurements are made.15 The SHeS EHM is less suitable;
however, the SHeS EHM is long running (1995 to present
day), and included in the current ‘rolling programme’
which started in 2008. Modifying the existing SHeS EHM
to provide a closer estimate of the Eatwell Guide propor-
tions may be favourable. Additional questions could be
incorporated into the SHeS EHM that estimate quantities
of: (i) milk; (ii) yoghurt; (iii) reduced fat cheese; (iv) oils;
and (v) spreads consumed each day, to achieve this. A
modified SHeS EHM would need retesting for accuracy of
estimating the Eatwell Guide proportions to determine
whether other adjustments are needed.

The present study assessed whether an FFQ and a short
dietary assessment tool can be used to accurately estimate
the Eatwell Guide proportions of diets of adults living in
Scotland. The SCG FFQ provided a slightly closer estimate
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of the Eatwell Guide proportions and better agreement, rel-
ative to the food diary, than did the SHeS EHM. However,
for the purpose of including in the Scottish Health Survey
and if time is constrained, it may be preferable to modify
the existing SHeS EHM, as suggested above, to provide a
closer estimate of the Eatwell Guide proportions. Appropri-
ate retesting for accuracy would be needed.

Funding source

This work was supported by funding from the Rural and
Environment Science and Analytical Services Division
(RESAS) programme of the Scottish Government. The
RESAS programme had no role in the design, analysis or
writing of this article.

Conflict of interest: The authors have no conflicts of interest
to declare.

Authorship

SW, LCAC and GM were responsible for the design of the
study. JLH, SW, LCAC and GM formulated the research
question. SW and LCAC carried out the study. JLH, LG,
SW and HC completed the data entry. JLH, LG and SW
conducted the statistical analysis. JLH completed the litera-
ture review and drafted the initial paper. All authors were
responsible for drafting and revising the manuscript and
have approved the final version.

References

1 United States Department of Agriculture.Myplate and historical food
pyramid choices. 2015. (Available from: https://fnic.nal.usda.gov/
dietary-guidance/myplate-and-historical-food-pyramid-resources,
accessed 5 May 2015).

2 National Health and Medical Research Council. Australian
Guide to Healthy Eating. Canberra: National Health and Medical
Research Council, 2013.

3 The Chinese Nutrition Society. Dietary Guidelines for Chinese
Residents and the Food Guide Pagoda. Beijing: People’s Medical
Publishing House, 1997.

4 Public Health England. From plate to guide: what, why and
how for the Eatwell model. 2016. (Available from: https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/579388/eatwell_model_guide_report.pdf,
accessed 30 April 2018).

5 Public Health England in association with the Welsh Govern-
ment. Food Standards Scotland, Food Standards Agency in Northern
Ireland. The Eatwell Guide. London: Public Health England, 2016.

6 McNaughton SA, Ball K, Crawford D, Mishra GD. An index of
diet and eating patterns is a valid measure of diet quality in an
Australian population. J Nutr 2008; 138: 86–93.

7 Willett WC. Nutritional Epidemiology, 3rd edn. New York:
Oxford University Press, 2012.

8 Stubbs RJ, O’Reilly LM, Whybrow S et al. Measuring the differ-
ence between actual and reported food intakes in the context
of energy balance under laboratory conditions. Brit J Nutr
2014; 111: 2032–43.

9 Tooze JA, Midthune D, Dodd KW et al. A new statistical
method for estimating the usual intake of episodically con-
sumed foods with application to their distribution. J Acad Nutr
Diet 2006; 106: 1575–87.

10 Ferruzzi M, Coulston AM, Boushey CJ. Nutrition in the Preven-
tion and Treatment of Disease (3rd edition). San Diego, CA:
Elsevier Science, 2012.

11 Ball K, Mishra GD, Thane CW, Hodge A. How well do
Australian women comply with dietary guidelines? Public
Health Nutr 2004; 7: 443–52.

12 Rafferty AP, Anderson JV, McGee HB, Miller CE. A healthy diet
indicator: quantifying compliance with the dietary guidelines
using the BRFSS. Prev Med 2002; 35: 9–15.

13 National Cancer Institute Division of Cancern Control and Popula-
tion Sciences. Short dietary assessment instruments. (Available from:
https://epi.grants.cancer.gov/diet/screeners, accessed 6 February
2018).

14 Australian Bureau of Statistics. National Health Survey: Users’
Guide 2014–15. 2017. (Available from: http://www.abs.gov.au/
ausstats/abs@.nsf/Lookup/by%20Subject/4363.0~2014-15~Main
%20Features~Users’%20Guide~1, accessed 6 February 2018).

15 Corbett J, Day J, Davidson M et al. Scottish executive: The
Scottish Health Survey 2012. Technical Report. The Scottish
Government, Edinburgh, UK, 2012.

16 Lean ME, Anderson AS, Morrison C, Currall J. Evaluation of a
dietary targets monitor. Eur J Clin Nutr 2003; 57: 667–73.

17 Bromley C, Corbett J, Day J et al. The Scottish Health Survey
2010. Vol. 2. Technical Report. The Scottish Government,
Edinburgh, UK, 2010.

18 The Scottish Government. Introduction to SIMD 2012. 2012.
(Available from: http://simd.scotland.gov.uk/publication-2012/
introduction-to-simd-2012/overview-of-the-simd/what-is-the-
simd/, accessed 6 August 2015).

19 Wrieden W, Peace H, Armstrong J, Barton K. A short review
of dietary assessment methods used in National and Scottish
Research Studies. 2003.

20 Scottish Collaborative Group. Scottish collaborative group food fre-
quency questionnaire. (Available from: http://www.foodfrequency.
org/, accessed 5 May 2015).

21 Masson LF, McNeill G, Tomany JO et al. Statistical approaches
for assessing the relative validity of a food-frequency question-
naire: use of correlation coefficients and the kappa statistic.
Public Health Nutr 2003; 6: 313–21.

22 Hollis JL, Craig LC, Whybrow S, Clark H, Kyle JA, McNeill G.
Assessing the relative validity of the Scottish Collaborative
Group FFQ for measuring dietary intake in adults. Public
Health Nutr 2017; 20: 449–55.

23 Crawley H. Food Portion Sizes, 2nd edn. London: MAFF, 1993.
24 Nelson M, Atkinson M, Meyer J. Food Portion Sizes: A Users

Guide to the Photographic Atlas. London: Nutritional Epidemiol-
ogy Group, Food Standards Agency, 1997.

25 Holland B, Welch AA, Unwin ID, Buss DH, Paul AA,
Southgate DAT. McCance & Widdowson’s The Composition of
Foods, 5th edn. Cambridge: Royal Society of Chemistry, 1991.

26 Whybrow S, Macdiarmid JI, Craig L, Clark H, McNeill G. Using
food intake records to estimate compliance with the Eatwell
plate dietary guidelines. J Hum Nutr Diet 2015; 29: 262–8.

27 Hunt P, Gatenby S, Rayner M. The format for the National
Food Guide: performance and preference studies. J Hum Nutr
Diet 1995; 8: 335–51.

28 Hunt P, Rayner M, Gatenby S. A national food guide for the
UK? Background and development. J Hum Nutr Diet 1995; 8:
315–22.

Estimating compliance to plate-based food models

© 2018 Dietitians Association of Australia 529

https://fnic.nal.usda.gov/dietary-guidance/myplate-and-historical-food-pyramid-resources
https://fnic.nal.usda.gov/dietary-guidance/myplate-and-historical-food-pyramid-resources
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/579388/eatwell_model_guide_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/579388/eatwell_model_guide_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/579388/eatwell_model_guide_report.pdf
https://epi.grants.cancer.gov/diet/screeners
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4363.0~2014-15~Main%20Features~Users&apos;%20Guide~1
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4363.0~2014-15~Main%20Features~Users&apos;%20Guide~1
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4363.0~2014-15~Main%20Features~Users&apos;%20Guide~1
http://simd.scotland.gov.uk/publication-2012/introduction-to-simd-2012/overview-of-the-simd/what-is-the-simd
http://simd.scotland.gov.uk/publication-2012/introduction-to-simd-2012/overview-of-the-simd/what-is-the-simd
http://simd.scotland.gov.uk/publication-2012/introduction-to-simd-2012/overview-of-the-simd/what-is-the-simd
http://www.foodfrequency.org
http://www.foodfrequency.org


29 Public Health England. From Plate to Guide. What, Why and How
for the Eatwell Model. London: Public Health England, 2016.

30 Schofield W. Predicting basal metabolic rate, new standards
and review of previous work. Human Nutr Clin Nutr 1985;
39: 5–41.

31 Goldberg G, Black A, Jebb S et al. Critical evaluation of energy
intake data using fundamental principles of energy physiology:
1. Derivation of cut-off limits to identify under-recording. Eur J
Clin Nutr 1991; 45: 569–81.

32 Palarea-Albaladejo J, Martín-Fernández J, Soto J. Dealing with
distances and transformations for fuzzy C-means clustering of
compositional data. J Classif 2012; 29: 144–69.

33 Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet
1986; 1: 307–10.

34 The Scottish Government. The Scottish Health Survey. 2015.
(Available from: http://www.gov.scot/Topics/Statistics/Browse/
Health/scottish-health-survey, accessed 3 July 2015).

35 Bromley C, Corbett J, Day J et al. The Scottish Health Survey
2010 Volume 1: Main Report. The Scottish Government, Edin-
burgh, 2011.

36 Scarborough P, Kaur A, Cobiac L et al. Eatwell guide: model-
ling the dietary and cost implications of incorporating new
sugar and fibre guidelines. BMJ Open 2016; 6: e013182.

37 Anderson A, Freeman J, Stead M, Wrieden W, Barton K. Con-
sumer views on portion size guidance to assist adult dietary
choices. J Hum Nutr Diet 2008; 21: 375.

38 Fitt E, Mak T, Stephen A et al. Disaggregating composite food
codes in the UK National Diet and Nutrition Survey food com-
position databank. Eur J Clin Nutr 2010; 64: S32–S6.

Appendix I

The steps used to calculate each participant’s Eatwell Guide proportions according to their dietary intake

1) Allocating each food and drink to the appropriate Eatwell Guide food group (e.g. fruit juice was allocated to 
‘fruit and vegetables’ and to ‘hydration’; butter to HFSS, low-fat spread to ‘Oil and spreads’, low-fat milk to 
‘dairy’ and ‘hydration, and full-fat milk to ‘dairy’ only).

2) Calculating the weight of each food and drink consumed (e.g. 200g of fruit juice), taking into consideration any 
food conversion factors for liquids or sugar in soft drinks (e.g. 0.5 conversion factor for liquids, therefore the 
adjusted weight of the fruit juice is 100g) and any preparation and cooking weight changes (e.g. 1.0 factor as 
there are no preparation or cooking changes for fruit juice, therefore the adjusted weight of the fruit juice is 
100g).

4) Summing the adjusted weight of each food and drink within their respective Eatwell Guide food groups (e.g. 
Fruit and vegetable: 100g fruit juice + 150g apple + 60g carrots + 90g broccoli = 400g)

5) Dividing the total adjusted weight of each of the five Eatwell Guide food groups that make up the pie chart by 
the total weight of food consumed from the five food groups, and multiplying by 100 to express the proportion as 
a percentage. (e.g. 400g of fruit and vegetables / 1300g total weight of food = 30.8%)

3) Applying contribution caps to the ‘fruits and vegetables’ group: 150ml per day for the fruit juice or smoothie 
contribution, and 80g per day for the beans and pulses contribution.

Figure 3
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Appendix II

Reasons for non-participation in the study at each stage
Of the 1,600 Scottish Health Survey participants invited to participate in the study, 19 were uncontactable due to incom-

plete address details, three had died and 124 forms were returned as participants were no longer located at the address. Fif-
teen participants returned forms indicating they did not want to participate and no response was received form 1289
participants. One hundred and fifty participants agreed to participate (a response rate of 10%). Forty-nine participants
dropped out prior to completing all three dietary assessment measures, leaving 101 participants (67%) with complete data.
According to the SCG FFQ protocol, five participants reporting energy intakes at the highest and lowest 2.5% of the sample
were removed from the analysis, with 96 participants in the final sample analysis.

Appendix III

Demographic characteristics of the participants who completed the Eatwell Guide study (n = 96)

Demographic characteristics Number (n) Results

Age (years); mean (SD) 51.4 (11.1)
BMI (kg/m2); mean (SD)(a) 27.1 (4.9)
Sex; % Male 40 42

Female 56 58
Residence; % Large urban areas 29 30

Other urban areas 27 28
Accessible small towns 6 6
Remote small towns 10 10
Accessible rural areas 7 7
Remote rural areas 17 18

SIMD; % Quintile 1 (most deprived) 10 10
Quintile 2 11 12
Quintile 3 28 29
Quintile 4 25 26
Quintile 5 (least deprived) 22 23

(a)BMI was calculated based on weight and height measurements taken at the time of the 2010 Scottish Health Survey.
BMI, body mass index; SIMD, Scottish index of multiple deprivation; SD, standard deviation.
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Development and relative validity of a self-
administered semi-quantitative drinks frequency
questionnaire, validated in a population of university
students
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Abstract
Aim: Drinks can contribute to energy as well as micro- and macro-nutrient intake. Drink-specific, validated, quick
and easy to administer questionnaires are needed to monitor secular trends in beverage consumption for different
populations. The aim of the present cross-sectional study was to develop and validate a drink-specific questionnaire
for the Greek population.
Methods: A 41-item semi-quantitative drinks frequency questionnaire (DFQ) was developed and validated against
7-day weighed food records, among young Greek adults. Wilcoxon ranks tests, Kendall tau-b correlations and Bland–
Altman plot were used to compare the two methods. Fifty-nine Greek University students (28 males, 31 females)
completed both methods.
Results: No difference was observed in total drinks intake between the two methods. The Bland–Altman plot
showed that the two methods are likely to agree concerning the total drinks intake. Wilcoxon’s rank test showed no
significant differences between the two methods, except for the ‘whiskey/vodka/gin’ intake (P < 0.001). ‘Good’
agreement (tau-b > 0.61) was observed for most DFQ items, including low-fat and chocolate milk, hot chocolate,
Greek/espresso coffee, commercial tea, packaged fruit juices, wine, alcohol-free beer, light cola-type drinks and
water (tap/bottled/sparkling). ‘Low’ agreement (<0.30) was noted for filtered/instant/iced coffee, freshly squeezed
orange juice and some alcoholic drinks (beer/whiskey/vodka/gin).
Conclusions: The DFQ appears to be an overall valid means of estimating the habitual intake of drinks in large-scale
epidemiological surveys. The study supports the use of DFQ for assessing drinks consumption patterns and secular
trends.

Key words: beverage, diet, food frequency, nutrition, nutritional epidemiology, validation.

Introduction

Drinks can be important sources of nutrients, and other
substances with physiological effects, including caffeine.
Sugar-sweetened and/or alcoholic drinks can increase
energy intake and obesity risk.1–3 A recent trend of increas-
ing intake of sugar-containing drinks among young con-
sumers has been observed.4 Most epidemiological studies
agree5 that frequent consumption of sugar-sweetened
drinks contributes to the onset of metabolic syndrome, by
altering insulin sensitivity, even among young populations.6

In addition, excessive intakes of drinks (in particular soft
and energy drinks) have been related to a number of other
health ailments, such as dental erosions,7 behavioural,8 or
bone problems,9 whereas inadequate hydration has been

G. Marakis, PhD, Senior Researcher
L. Kontopoulou, MSc, Lecturer
G. Garofalakis, PhD, Senior Researcher
E. Vasara, PhD, Lecturer
G. Vasiliadis, PhD, Assistant Professor
M.G. Grammatikopoulou, PhD, Senior Lecturer
Correspondence: M.G. Grammatikopoulou, Department of
Nutrition & Dietetics, Alexander Technological Educational Institute,
PO Box 141, Sindos, Greece.
Email: maria@nutr.teithe.gr

Accepted September 2018

© 2018 Dietitians Association of Australia532

AA
  AA

DD
D

ie
ti

ti
an

s 
As

so
ci

at
io

n
ofof

 A
us

tr
al

ia

Nutrition & Dietetics 2019; 76: 532–538 DOI: 10.1111/1747-0080.12494

https://orcid.org/0000-0003-4167-6595


associated to reduced cognitive performance, memory and
mood.10,11 Thus, monitoring drinks consumption is pivotal
in achieving better hydration and correcting unhealthy
drinking habits through education.12

Assessment of a population’s consumption patterns is
often difficult, challenging and costly. Dietary surveys usu-
ally rely on either multiple 24-hour dietary recalls, or food
diaries recorded for several days. However, when large
populations are concerned, these methods can be time-
consuming and resource-intensive, as well as burdensome
for participants.13–16 Thus, for monitoring dietary trends,
the need for rapid, simple and reliable assessment of food
intake has led to the development and use of valid, rela-
tively short, food-frequency questionnaires (FFQs), despite
few limitations.17–19 Specific FFQs have been validated for
different purposes including distinct food groups, such as
sugar snacks,20 or specific nutrients and non-nutrient sub-
stances, including caffeine.21 Short drinks FFQs have been
developed15,22 and proved useful in detecting changes in
drinking behaviour, as well as in assessing compliance to
beverage intake guidelines.23 However, caution is needed
when using tools developed in other countries and different
populations, because of cultural differences and differences
in drinks availability.

In Greece, the prevalence of overweight and obesity has
reached high levels24–26 and the need for frequent monitor-
ing has been highlighted.27 Drinks contribute to a quarter
of the energy intake of Greeks.28 Moreover, drinks may be
important sources of other substances in need for periodi-
cally safety assessment (e.g. ingredients of energy drinks,
additives used in soft drinks, etc.). The lack of specific tools
for quick and affordable drinks intake assessment among
Greeks is evident. FFQs developed by epidemiological stud-
ies exhibit random and systematic measurement errors29

and need to be validated before use,30,31 by comparison to
the intake recorded by a more accurate dietary method.

The aim of the present study was to develop and validate
a self-administered semi-quantitative drink-specific FFQ for
recording and monitoring the habitual consumption of
drinks among young adult Greeks.

Methods

The present study was conducted in two phases (cross-
sectional at two time points). Initially, a pilot phase deter-
mined face and content validity of the questionnaire,
carried out by a team of three experienced nutritionists
(GM, LK and MGG), in order to assess whether all major
drinks were incorporated in the version. Drinks selection
was based on previous studies.24,32,33 This phase was fol-
lowed by a larger study determining the relative validity of
the revised version (test method) against a reference
method, which was the 7-day weighed-record.

A sample of 60 undergraduate students, aged
20–23 years (28 men, 32 women), randomly selected from
three modules, were recruited at the Technological Educa-
tional Institute of Thessaly. Gender balance was sought to
eliminate potential bias because of gender differences in

consumption patterns. From the individuals approached,
there were no dropouts. A sample size of at least 50 but
preferably 100 or more, has been deemed adequate for vali-
dation purposes.30,34 Those with diagnosed chronic disease,
pregnant/lactating women were excluded. Data collection
was carried out between March and May 2016. The dietary
tools were completed in spring time, in order to avoid tem-
perature extremes (e.g. heat waves) that would affect fluid
intakes. The study was approved by the Ethics Committee
Technological Educational Institute of Thessaly Bioethics
Committee and participants provided informed consent
prior to their voluntary participation. No financial incentive
was offered to participants.

The dietary tool tested was a semi-quantitative drinks
frequency questionnaire (DFQ) (Figure S1, Supporting
Information). Its validity was assessed in comparison with a
7-day weighed-record, which represents a gold standard
reference method in FFQ validation studies.15–18

The semi-quantitative DFQ (test method): During the
development of the questionnaire, special care was given
not to underestimate drinks consumption variation, without
it being too long, time and resource consuming, thus plac-
ing high burden on the respondent. The questionnaire con-
sisted of 41 questions in seven categories: (i) milk of
varying fat and sugar content (6 items); (ii) tea and coffee
(6 items); (iii) fruit juices (3 items); (iv) alcoholic beverages
(7 items); (v) soft drinks (6 items); (vi) energy drinks
(10 items); (vii) water (3 items) (Figure S1). No brand
names were indicated in the questionnaire, except for caf-
feinated energy drinks, in order to minimise confusion
between energy caffeinated drinks and sports drinks. Partic-
ipants were asked to indicate the number of days within a
typical week that they consume the specific drink (0–7)
and estimate the quantity consumed per day. In order to
facilitate quantity estimation, detailed instructions were pro-
vided. Quantification of the amounts consumed was facili-
tated with the use of photographs of typical quantities. The
mean intake of each item consumed daily was estimated
using the formula (frequency × portion size)/7. The DFQ is
a self-administered tool using the ‘past month’ reference
period.

The 7-day weighed food record diary (reference method): A
printed-template was provided for participants. They were
asked to weigh every food and drink consumed (i.e. weigh
each food/drink prior to its consumption, including the left-
over) and record as accurately as possible all items, the
time/place of consumption, type of food/drinks with brand
names (where possible) and the volume/quantity. Verbal
and written instructions were provided, on how to accu-
rately record dietary intake for seven consecutive days.

Participants initially completed the semi-quantitative
DFQ, which was screened for completeness. A week later,
they were requested to weigh and record everything they
consumed, including water, for 7 days. Returned 7-day
weighed-records were checked for completeness. Based on
the information recorded with the 7-day weighed-records,
an independent researcher completed the same semi-
quantitative DFQ again, for each participant. This
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procedure was double-checked by another researcher
(LK) in order to evaluate accuracy of data transformation
from the weighed-record to the DFQ.

Differences in the intake of each item recorded in the DFQ
were compared to that recorded via the 7-day food diary
using Wilcoxon ranks test. Additionally, Kendall tau-b corre-
lations were performed to assess similarities between the two
methods. Absolute values of Kendall’s tau-b coefficients
<0.30 suggest ‘low’ agreement, values between 0.31 and 0.60
are indicative of ‘moderate/fair’ agreement, and values >0.61
indicate ‘good’ agreement.35 A Bland–Altman plot36 was
designed to visually assess agreement between the two
methods (Figure 1). A Bland–Altman index of 5% (95% of
participants observed to be within the level of agreement)
was interpreted, as previously suggested,37,38 as positive vali-
dation of the method. Data were analysed using SPSS (IBM Sta-
tistics 23, IBM, Armonk, NY, USA). The alpha level was set a
priori at P ≤ 0.05 and reporting of the study complied with
the STROBE guidelines.

Results

One student was excluded from the sample because of
incomplete food record data. Based on the results of the
pilot phase, the following alterations were made to the
questionnaire: (i) the list of energy drinks was revised and
extended and (ii) the category of alcopops was introduced
to the section of alcoholic beverages.

The average time spent for DFQ completion ranged between
18 and 23 minutes. The total amount of drinks consumed
according to the DFQ was 2115.3 � 898.6 mL/day, while the
7-day weighed-diary showed 1960.0 � 742.0 mL/day. The
Bland–Altman plot (Figure 1) revealed agreement for total
drinks intake between the two tools. The DFQ demonstrated a
systematic bias of overestimating intake by 160.7 �
529.6 mL/day with 95% limits of agreement ranging from
−877.3 to 1198.7 mL/day. The number of individuals within

the limits of agreement was 56/59, confirming a Bland–Altman
index of 5.1%.

Table 1 presents the mean intake value and correlation
coefficients for each item on the milk and coffee/tea
domains. No differences were observed between the two
questionnaires, and strong positive correlations were noted
for milk and coffee/tea intake between the tools, except for
filtered/instant/iced-instant coffee (Frappe), with/without
sugar and for black/green tea with added sugar.

Table 2 shows the mean intake and correlation coeffi-
cients for each item on the juice and alcoholic beverages
domains. Similar intakes were recorded for all items in the
‘juice’ category and strong correlations were observed on all
juice items, except for freshly squeezed juices. As far as
alcoholic beverages were concerned, all recorded intakes
were similar between the two questionnaires, except for
‘Whiskey/Gin/Vodka’ which are often mixed with soft
drinks and juices. Positive correlations were observed
between both questionnaires on alcoholic beverages, except
for liqueurs and low agreement was noted for beer.

The mean intake and correlation coefficients for the soft
drinks, water and energy drinks domains are presented in
Table 3. No differences were observed according to Wilcox-
on’s rank tests concerning soft drinks, water or energy
drinks, with the exception of Red Bull. Fair correlations
were observed on all items except for cola-type drinks. The
relatively small number of energy drink consumers did not
allow for the performance of correlation tests.

Discussion

The DFQ exhibits fair validity in estimating the habitual
intake of drinks in large-scale epidemiological surveys.
Compared to the reference method, the DFQ overestimated
some drinks, while underestimating others.

Undeniably, there is no method that can measure intake,
without some degree of error. Thus, it is important to con-
sider sources of error when assessing dietary patterns.34

Herein, DFQ’s validity was determined against the 7-day
weighed-record, a popular method in FFQ validation stud-
ies.21,39 While some prefer the use of previous-day recalls
as reference, a 7-day weighed-record was selected for not
relying on memory, thus minimising inherent sources of
error of recall methods. In agreement to this, the OPEN
study indicated that the 24-hour dietary-recall method can-
not be considered as an appropriate reference tool for asses-
sing the validity of a FFQ.16,22,40,41

Because of the importance of accurately recording drinks
consumption, several fluid-specific questionnaires have
been validated in other languages.13,42 In Greece, a similar
tool was developed some years ago,43 evaluating water
intake from liquid, solid foods and water, as well as urine,
faeces and sweat water loss. However, because of its differ-
ent aim, it is not a quick assessment tool, as the DFQ. The
present self-administered questionnaire could prove useful
for researchers interested in assessing habitual drink con-
sumption patterns among young Greek adults, without the
need of training interviewers.41

Figure 1 Bland–Altman plot for data comparing the two
methods, with the representation of the limits of agreement
(blue line), from −1.96 s to +1.96 s.
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The DFQ overestimated some drink items and underesti-
mated others compared to the reference method, which is
in agreement with other studies.36,45 While the use of cor-
relation coefficients to assess validity is under debate, there
is a general agreement that correlations above 0.6 are good,
while those below 0.3 are regarded as low.40,46 ‘Good’
agreement was noted for many of the DFQ items, however,

‘low’ agreement was also observed for others, partly because
of high day-to-day and within-person variability. The
Bland–Altman plot showed that the difference in drinks
intake was the same across the range of intakes. The similar
number of participants over- and under-reporting total fluid
intake, indicate lack of obvious systematic error. Addition-
ally, the Bland–Altman index of 5.1% is close to the 5%

Table 1 Mean intake and correlation coefficients for each item on the milk and coffee/tea domains, between the drinks fre-
quency questionnaire (DFQ) and the 7-day food diary (n = 59)

Domains Items (mL/day)

Intake (mean � SD) Correlation

DFQ
7-Day food

diary Significancea
Kendall
tau-b Significance

Milk Full-fat milk 58.7 � 96.9 65.7 � 120.1 0.829 0.461 <0.001
Low-fat milk 113.2 � 132.2 100.3 � 96.6 0.165 0.666 <0.001
Full-fat chocolate milk 7.9 � 21.0 6.1 � 19.0 0.141 0.854 <0.001
Chocolate milk 0% fat, no sugar 0.0 � 0.0 0.0 � 0.0 — — —

Hot chocolate 11.0 � 22.4 10.5 � 22.5 0.810 0.667 <0.001
Milkshake 2.4 � 11.2 2.4 � 8.8 0.891 0.537 <0.001

Coffee/tea Greek coffee/espresso, no sugar
added

40.1 � 69.0 33.2 � 56.3 0.079 0.818 <0.001

Added sugars in Greek coffee/
espresso (g/day)

3.1 � 5.0 2.3 � 4.2 0.086 0.647 <0.001

Filtered/instant/iced-instant coffee
(Frape), no sugar added

58.4 � 85.2 78.4 � 103.2 0.163 0.281 0.007

Added sugars in filtered/instant
coffee (g/day)

3.4 � 5.8 3.6 � 6.6 0.926 0.264 0.025

Caffeine-free coffee 9.5 � 29.1 6.0 � 20.6 0.075 0.889 <0.001
Added sugars in decaffeinated

coffee (g/day)
0.7 � 2.2 0.4 � 1.6 0.066 0.902 <0.001

Black/green tea 18.6 � 31.4 12.6 � 31.6 0.115 0.391 0.001
Added sugars in black/green tea

(g/day)
1.0 � 2.4 0.4 � 1.4 0.088 0.173 0.181

Commercial ready-to-drink tea
with sugar

4.2 � 13.4 3.1 � 13.7 0.388 0.689 <0.001

Commercial ready-to-drink tea
without sugar

3.6 � 19.6 2.0 � 14.0 0.102 0.815 <0.001

aWilcoxon’s signed rank test.

Table 2 Mean intake and correlation coefficients for each item on the juice and alcoholic beverages domains, between the
drinks frequency questionnaire (DFQ) and the 7-day food diary (n = 59)

Domains Items (mL/day)

Intake (mean � SD) Correlation

DFQ
7-Day food

diary Significancea
Kendall
tau-b Significance

Juices Freshly squeezed orange
juice

14.9 � 23.6 16.3 � 30.2 0.982 0.194 0.100

Packaged fruit juice 26.4 � 41.7 25.9 � 45.4 0.548 0.801 <0.001
Nectar 32.0 � 74.2 29.2 � 71.1 0.099 0.949 <0.001

Alcoholic beverages Wine 6.8 � 12.2 5.7 � 11.2 0.308 0.760 <0.001
Beer 36.9 � 49.2 28.5 � 62.9 0.123 0.237 0.036
Alcohol-free beer 0.6 � 4.7 1.3 � 7.3 0.655 0.685 <0.001
Whiskey/Gin/Vodka 19.9 � 39.1 1.9 � 7.6 <0.001 0.295 0.012
Ouzo/Tsipouro/Raki 0.7 � 2.0 0.3 � 1.4 0.074 0.426 0.001
Liqueurs 0.3 � 2.5 0.6 � 4.7 0.655 −0.018 0.895
Alcopops 3.0 � 14.3 0.0 � 0.0 0.109

aWilcoxon’s signed rank test.
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cut-off suggested by previous researchers as positive valida-
tion of the method.

The Bland–Altman plot revealed that the DFQ overesti-
mated drinks intake by 160 mL/day. Soft and energy drinks
were consumed less using the 7-day food diary. This is in
agreement with other studies which showed that FFQ food
estimates are usually greater for most food groups, com-
pared to reference methods.19,29 Soft drinks can be con-
sumed in various places and several times per day; hence
the amounts consumed may be more difficult to estimate
and more prone to recall-bias. On the other hand, energy
drinks are consumed episodically and a 7-day weighed-
record may be inadequate in capturing their episodic con-
sumption. As both groups can be important sources of
sugar and caffeine for young adults, this finding is interest-
ing and should be kept in mind when different tools are
used to estimate and identify consumers of these products.

Another important point raised is the amount of alco-
holic drinks consumed by young adults. While for most
alcoholic drinks there was a fair agreement between tools,
for the category of drinks typically consumed out-of-home
(whiskey/vodka/gin), and frequently mixed with juices,
other beverages and ice, the results were not comparable.
This might indicate that young adults may modify their
social behaviour when needed to record all items consumed
weekly (social desirability and convenience). It cannot be
excluded that the DFQ might overestimate the habitual
consumption of these drinks, challenging consumption
recall for these items while indicating difficulty in estimat-
ing amounts consumed.44 Non-traditional methods of die-
tary assessment such as image-based recording of alcoholic

drinks consumed out-of-home, with the use of smartphones,
might be more suitable. However, this needs to be further
validated in future studies.

Limitations of the present study include the small sam-
ple, even though similar number of participants has been
used in FFQ validation studies.36,45 In addition, the present
results cannot be generalised. Further validation studies
would be required for children and adolescents, as well as
older adults, who might exhibit different habits or recall
mechanisms. An additional limitation might be the fact that
the DFQ was self-report, potentially leading to optimistic
bias and social desirability,21 which could affect the amount
of reported drinks. However, similar biases are expected
with the use of the 7-day diet-diary or other self-reporting
assessment methods. Finally, although the 7-day weighed-
record does not rely on memory and is often regarded as a
gold standard, it is burdensome for the participant and
hence might induce dietary changes and introduce bias. In
addition, a 7-day weighed-record might not be able to cap-
ture the intake of episodically consumed items. Therefore,
some of the discrepancies observed cannot be solely attrib-
uted to the DFQ but also to bias introduced by having a
7-day weighed-record as a reference method. A 24-hour
urinary collection and possibly a recovery biomarker could
be used in future studies to assess potential errors in self-
reported dietary intake, particularly in regard to the evalua-
tion of the data generated by the 7-day diet diary when
used as the reference method.

In conclusion, the DFQ appears to be an overall valid
means of assessing the habitual intake of drinks in situa-
tions where the food diary/24-hour recalls are not suitable.

Table 3 Mean intake and correlation coefficients for each item on the soft drinks, water and energy drinks domains, between
the drinks frequency questionnaire (DFQ) and the 7-day food diary (n = 59)

Domains Items (mL/day)

Intake (mean � SD) Correlation

DFQ 7-Day food diary Significancea Kendall tau-b Significance

Soft drinks Cola-type drinks 27.2 � 51.6 14.3 � 33.9 0.079 0.268 0.023
Cola light-type drinks 11.8 � 29.2 12.0 � 30.2 0.953 0.894 <0.001
Sprite-type drinks 4.4 � 18.2 0.0 � 0.0 0.063
Sprite light-type drinks 0.0 � 0.0 0.0 � 0.0 1.000
Carbonated orange juice 15.5 � 23.4 12.1 � 22.8 0.093 0.484 <0.001
Other soft drinks 2.4 � 13.6 0.0 � 0.0 0.180

Water Tap water 1103.9 � 838.7 1018.0 � 771.8 0.076 0.707 <0.001
Spring water 462.0 � 813.3 372.7 � 712.3 0.084 0.759 <0.001
Mineral water/soda 3.6 � 12.7 2.3 � 9.0 0.216 0.648 <0.001

Energy drinks Red Bull 6.2 � 19.5 0.0 � 0.0 0.018
Red Bull without sugar 0.0 � 0.0 0.0 � 0.0 1.000
Lucozade energy 2.4 � 10.4 0.0 � 0.0 0.157
Lucozade alert 0.0 � 0.0 0.0 � 0.0 1.000
Monster energy 6.7 � 38.4 0.0 � 0.0 0.109
Monster Ripper 3.6 � 27.9 0.0 � 0.0 0.317
Monster Lo Carb 0.0 � 0.0 0.0 � 0.0 1.000
Rockstar energy drink 0.0 � 0.0 0.0 � 0.0 1.000
Rockstar recovery 0.0 � 0.0 0.0 � 0.0 1.000
Shark energy drink 2.2 � 13.0 0.0 � 0.0 0.180
Other energy drinks 0.0 � 0.0 0.0 � 0.0 1.000

aWilcoxon’s signed rank test.
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It can be used as a practical and affordable tool for monitor-
ing drink intakes and consumption trends over time at
population level. Additionally, it could capture intakes of
drinks that are episodically consumed and therefore, can
also be used to supplement data collected with other
methods. Further studies could be carried out in other
groups such as adolescents, who are regarded as a target
population for nutrition intervention programs, and per-
form further tests to validate the DFQ with regard to
intakes of macro- and micro-nutrients and other drinks
ingredients.
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ORIGINAL RESEARCH

Waist to height ratio is the anthropometric index that
most appropriately mirrors the lifestyle and
psychological risk factors of obesity

Željka TOMAS, Tatjana ŠKARI�C-JURI�C , Matea ZAJC PETRANOVI�C, Marta JALŠOVEC,
Petra RAJI�C ŠIKANJI�C and Nina SMOLEJ NARAN�CI�C
Institute for Anthropological Research, Zagreb, Croatia

Abstract
Aim: To determine to what extent the lifestyle and psychological factors influenced the occurrence of obesity in the
population of the Mediterranean island of Vis (Croatia); also to relate the examined risk factors to several obesity
indicators in order to select the most sensitive one.
Methods: Cross-sectional population study included 960 participants of both sexes (18–93 years) in whom the obe-
sity was estimated using anthropometric indicators. The factor analysis of 55-item Food Frequency Questionnaire
(FFQ) was performed as well as the General Health Questionnaire (GHQ12) for the self-assessment of psychological
health and wellbeing. FFQ and GHQ12 individual factors’ scores, sex, age, physical activity, smoking and socioeco-
nomic status were further used as independent variables in the multiple linear regression analyses with five obesity
indicators as dependent variables.
Results: The examined risk factors explained the highest proportion of variance of the waist to height ratio (WHtR)
in comparison with all other indicators of obesity (body mass index (BMI), waist to hip ratio, sum of skinfolds thick-
nesses, fat mass percentage). Only the dietary factors showed a significant relation to BMI, while almost all of the
tested variables–dietary pattern, psychological structure, smoking habit and physical activity–had a significant asso-
ciation with WHtR.
Conclusions: WHtR is the most useful indicator of obesity as it had a profiled relation with a number of lifestyle fac-
tors as well as with psychological health. The present study also revealed the importance of psychological factors for
obesity phenotype, particularly the behavioural pattern which could be described as avoidance of dealing with
problems.

Key words: body mass index, dietary habits, Mediterranean diet, psychological factors, waist to height ratio.

Introduction

Contemporary lifestyle in the developed and developing
countries contributes to the current obesity epidemic; how-
ever, there are considerable inter-individual variations in
response to obesogenic environment and present-day way
of life. These differences are partly a result of a different
environmental microstructure surrounding each individual,

and partly a reflection of the interactions between environ-
mental changes and a person’s genetic predisposition.1

The most important changes in human environment that
encourage the rise of the prevalence of obesity are an
increasingly common sedentary lifestyle marked by a signif-
icant decrease in physical activity, and hence energy expen-
diture as well as a considerable shift in diet because of
ubiquitous availability of cheap, highly palatable and
energy-dense food.2,3 In addition, present-day lifestyle is
characterised by elevated stress levels which also contrib-
utes to the preference of highly palatable and energy-dense
food.4,5

One of the most frequently cited ‘healthy’ diets is the
Mediterranean diet.6 It is characterised by frequent con-
sumption of fruits, vegetables, legumes, nuts, bread and
other cereal products, the use of olive oil as the primary fat
for cooking, moderate consumption of fish, poultry, dairy
products and wine and rare consumption of red meat. This
type of diet is found to be protective for the development
of not only obesity but also type 2 diabetes, cardiovascular
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disease and related health indicators and cancer.6–9 There-
fore, the official guidelines of the American Heart Associa-
tion included some of the major principles of the
Mediterranean diet (2000 revision).10

The Seven Countries Study (Yugoslavia, Finland, Italy,
The Netherlands, Greece, USA and Japan)11 was the first
investigation that highlighted the possible health benefits
of the Mediterranean diet. Original observations of these
benefits come from Naples and Crete and the dietary pat-
terns found in these two small geographical areas may
have influenced many attempts to define the Mediterra-
nean diet as a unique entity. But even though populations
have common core dietary habits across the Mediterranean
they are far from homogeneous.12,13 Additionally, a secu-
lar trend of changes has been recorded since the second
half of the last century in almost all Mediterranean popula-
tions, with various elements of Westernisation incorpo-
rated in the current dietary habits for each country
specifically.12,14

In a study that addressed the current adherence to the
Mediterranean diet in Dalmatia, Mediterranean part of Cro-
atia (populations of the city of Split, islands Vis and
Kor�cula), an overall compliance with crucial elements of
this type of diet–traditional in those locations–was found to
be low.15 Among the three investigated populations, the
highest prevalence of overweight and obesity was found in
the island of Vis, that is at the same time characterised by
the highest adherence to the Mediterranean diet elements.15

Therefore, this population, in addition to other lifestyle
changes brought by globalisation, makes it an interesting
model for the investigation of the influence of risk factors
on the occurrence of obesity.16

In the Mediterranean area of Croatia, the association of
psychological17 as well as dietary and other lifestyle fac-
tors18,19 with obesity has been investigated separately. Now
we wish to evaluate the relative impact of those factors on
obesity phenotype simultaneously. So far, the body mass
index (BMI) as obesity indicator has been used in all the
above-mentioned studies. Although it is a widely used indi-
cator, we wish to test here an additional set of obesity indi-
cators in order to evaluate whether the BMI is truly the
most sensitive instrument for detecting the influence of var-
ious risk factors on obesity. Namely, it is widely known for
a long time that the BMI has a number of shortcomings as
an indicator of obesity. Basically, it is a simple screening
tool for a wide spectrum of purposes. However, more sensi-
tive indicators are needed for more precise detection of
nutritional status as well as for the assessment of the health
risks. Therefore, the present study contributes to this
purpose.

The aims of the present study were to (i) determine to
what extent lifestyle and psychological factors influenced
the occurrence of obesity in a Mediterranean island popula-
tion and (ii) compare their relation with several anthropo-
metric indicators of obesity in order to elucidate the most
useful one. We expected to find: (i) a positive relation of
obesity with higher frequency of energy-dense food intake,
with lower physical activity and a lower level of

psychological health and wellbeing and (ii) the strongest
association of BMI with lifestyle and psychological risk
factors.

Methods

This cross-sectional population study was performed on the
small Mediterranean island of Vis, as the reduction of the
environmental variance enhances the chance of detecting
the factors that are responsible for the inter-individual dif-
ferences in the obesity status within a socioeconomically
homogeneous community.19 Therefore, all adult inhabitants
of two largest villages were invited to participate in the
study and the initial sample, encompassing 986 participants,
presents the majority of the adult population of the island.
After the exclusion of records containing missing data, the
analysed sample included 960 participants of both sexes,
between the age of 18 and 93 years, who all gave their
informed consent. The data were collected during 2003 and
2004 after obtaining the approval from the Ethical Commit-
tee of the Medical School, University of Zagreb and the
Multi-Centre Research Ethics Committee for Scotland, and
complied with the tenets of the Declaration of Helsinki.

Anthropometry was performed according to the standard
International Biological Program protocol and included the
measurements of height, weight, waist and hip circumfer-
ences and skinfolds.20 Analyses were performed for the fol-
lowing indicators of obesity: BMI, waist to hip ratio (WHR),
waist to height ratio (WHtR), sum of skinfold thicknesses
(biceps, triceps, subscapular, suprailiac and abdominal) and
fat mass percentage (FAT) estimated by means of bioelectri-
cal impedance.21 The lifestyle factors included the informa-
tion on physical activity (sum of the self-estimated physical
activity during work and leisure time), smoking (cumulative
life-long exposure index: pack/year) and the socioeconomic
status (self-estimated in comparison with other people).
The survey included a 55-item Food Frequency Question-
naire (FFQ) developed for this specific population.22 It con-
tained six potential answers (every day, 2–3 times a week,
once a week, once a month, rarely, never) regarding the
frequency of consumption of various foods (milk and
dairy products, meat and meat products, fish and fish prod-
ucts, eggs, vegetables, fruit and fruit products, cereals
and cereal products, confectionery, and the type of fat used
in the preparation of meals). The same FFQ was also
used to evaluate the adherence to the Mediterranean
diet using the Mediterranean Diet Serving Score (MDSS)
method described by Monteagudo et al.23 and used by
Kol�ci�c et al.15 for the three Croatian populations. MDSS is
an instrument created to assess the Mediterranean diet
adherence based on the consumption of 14 groups of foods
adding 1, 2 or 3 points based on the consumption fre-
quency and the relative importance of particular foods. The
MDSS ranges from 0 to 24 points, with the range from
14 to 24 points considered as good compliance with the
Mediterranean diet.

General Health Questionnaire (GHQ12) was used for the
self-assessment of psychological health and wellbeing.24 It
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contained 12 questions with a 4-point Likert scoring system
(maximal score is 36 points); a higher score indicated worse
psychological status.

Statistical analyses included the factor analyses of FFQ
and GHQ12. This analysis is a multivariate method that
systematically identifies underlying variables, or factors, that
best differentiate a set of data. In both factor analyses, FFQ
and GHQ12, the number of factors was determined by the
scree plot criterion. In the multiple linear regression ana-
lyses, FFQ and GHQ12 individual factors scores, sex, age,
level of physical activity, smoking and socioeconomic status
were further used as independent variables with each of the
examined indicators of obesity as dependent variables (BMI,
WHR, WHtR, sum of skinfold thicknesses, FAT). The best
obesity indicator was identified as the one that explained
the highest proportion of variance in multiple regression
modelling. Statistical analyses were performed using SPSS
17 (SPSS Statistics for Windows, Version 17.0; SPSS Inc.,
Chicago, IL, USA).

Results

Among the analysed anthropometric measurements only
BMI did not differ between sexes (Table 1). The mean value
of WHR was higher in men and the sum of skinfold thick-
ness in women, which is in the agreement with the
expected sexual dimorphism. It should be noted that the
mean values of BMI, WHR and WHtR exceeded the recom-
mended cut-offs for both sexes (BMI ≤ 25, WHR ≤ 0.85 for
women and ≤0.90 for men, WHtR ≤ 0.5 for both sexes).
This finding is not a reflection of a relatively high mean age
in the sample (55.5 � 15.8 years in men and
57.0 � 15.6 years in women): when divided into age cate-
gories (18–34.9, 35–64.9 and ≥65 years), the mean values
for BMI, WHR and WHtR exceeded the recommended cut-
offs in both sexes for all three age categories (Table S1, Sup-
porting Information). The MDSS points to a higher adher-
ence to Mediterranean diet in women (mean MDSS 10.97
vs 10.37, P = 0.01, Table 1). Interestingly, it did not differ
between the above-mentioned age categories in both sexes
(Table S1) indicating a long-term stability of the dietary pat-
tern in this population. GHQ12 score was significantly
higher in women (24.2 vs 22.1, P ≤ 0.001), showing their
worse psychological health and it also did not differ
between age categories in either sex.

The factor analysis of the FFQ showed five significant
factors, explaining 27.3% of the total variance. The con-
sumption of palatable food which included foods high in
sugar and fat, processed meat, pork, beef, eggs and fatty
cheeses had the highest projection on the first factor that
explains the greatest proportion of variance (8.2%). The
second factor (6.7% variance) was defined by the consump-
tion of vegetables, especially the leafy ones, as well as the
consumption of whole wheat bread, legumes, fish, fresh
fruit, yoghurt and olive oil, that is, foods typical for the
Mediterranean diet. The third factor was defined by the
consumption of white bread, potato and fish which have
the highest positive loadings on this factor, while theT
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consumption of poultry, nuts, whole wheat bread and
muesli had the highest negative loadings. The fourth factor
had the highest positive loadings for the consumption of
fresh fruit and milk, and negative for beer, seafood and
bacon. The fifth factor was defined by the consumption of
processed meat (Table S2).

The factor analysis of GHQ12 extracted two significant
factors, explaining 48.1% of the total variance. The first fac-
tor was characterised by high loadings for all 12 variables,
with an increase in depressiveness, the loss of confidence
and the feeling of being unable to overcome the difficulties
being the highest. The second factor was described by a
diminished sense of usefulness, a difficulty in making deci-
sions and facing problems. Interestingly, it had the highest
negative loading for losing sleep over worry (Table S3).

The regression analysis results were here presented only
for the two obesity indicators: WHtR and BMI. The BMI
was shown as the most commonly used measure of obesity
in epidemiological research. On the other hand, the WHtR
was among all the tested indicators the one explaining the
highest proportion of variance in the multiple regression
models. The regression analysis for BMI and WHtR as
dependent variables included age, sex, smoking status,
physical activity, socioeconomic status and individual factor
scores obtained through the factor analyses of FFQ and
GHQ12 (only significant factors were used) as independent
variables. The regression model (Tables 2 and 3) was signif-
icant for both selected anthropometric measures of obesity,
but it explains the almost three times higher proportion of
variance in WHtR (17.5%). For BMI, the only dietary factor
scores 1, 4 and 5 were significant predictors of BMI in the
tested regression model, while for WHtR, only the socio-
economic status and GHQ12 factor score 1 were not

significant predictors. It should be noted that for both BMI
and WHtR the value of β was negative for dietary factor
scores 1 and 5, that is, the factors defined by the consump-
tion of palatable, energy-dense food.

Discussion

In the studied population of the island of Vis the average
values of anthropometric measurements of obesity were rel-
atively high, indicating an increased risk for cardiovascular
disease and other obesity-related health issues. The exam-
ined risk factors explained by far the highest proportion of
variance of the WHtR in comparison with all other indica-
tors of obesity (BMI, WHR, sum of skinfolds thicknesses,
fat mass percentage estimated using bioelectrical
impedance).

Among the tested lifestyle and psychological health indi-
cators only dietary choices were the primary determinants
of BMI, the most widely accepted anthropometric measure
of obesity in everyday clinical practice. Almost all of the
tested variables had a significant influence on WHtR,
including the overall lifestyle (diet, activity level and smok-
ing status), as well as indicators of psychological health.
WHtR is an anthropometric measure of obesity which was
recognised as a better predictor of cardiovascular health in
some studies.25–27 That is not unexpected because WHtR
carries information about the risk for cardiovascular health
(waist circumference) adjusted for the height of the partici-
pant. It should also be noted that in the multiple regression
analysis sex and age were found to be significant predictors
of WHtR, but not BMI. This finding is most likely a reflec-
tion of a relatively high mean age of the participants of the
study, as WHtR is a measure of not only obesity, but also

Table 2 Regression analysis for body mass index (BMI) as
a dependent variable and the following independent vari-
ables: age, sex, smoking status, physical activity, socioeco-
nomic status (SES) and individual factor scores obtained
through factor analyses of frequency of consumption of
foods and General Health Questionnaire (GHQ12)

R R2 df1 df2 F P-value

0.251 0.063 12 926 5.169 ≤0.001

B t P-value

Constant 28.132 26.031 ≤0.001
Age 0.005 0.642 0.521
Sex −0.229 −0.777 0.437
Smoking status (pack/year) 0.008 1.634 0.103
Activity −0.125 −0.660 0.510
SES −0.194 −1.080 0.281
Diet factor score 1 −0.615 −4.583 ≤0.001
Diet factor score 2 0.199 1.466 0.143
Diet factor score 3 0.072 0.534 0.593
Diet factor score 4 0.362 2.652 0.008
Diet factor score 5 −0.458 −3.393 0.001
GHQ12 factor score 1 −0.171 −1.216 0.224
GHQ12 factor score 2 0.200 1.471 0.142

Table 3 Regression analysis for waist to height ratio
(WHtR) as a dependent variable and the following indepen-
dent variables: age, sex, smoking status, physical activity,
socioeconomic status (SES) and individual factor scores
obtained through factor analyses of frequency of consump-
tion of foods and General Health Questionnaire (GHQ12)

R R2 df1 df2 F P-value

0.418 0.175 12 926 16.349 ≤0.001

B t P-value

Constant 0.559 30.438 ≤0.001
Age 0 2.456 0.014
Sex 0.022 4.415 ≤0.001
Smoking status (pack/year) 0 2.020 0.044
Activity −0.010 −3.124 0.002
SES −0.005 −1.689 0.092
Diet factor score 1 −0.016 −6.855 ≤0.001
Diet factor score 2 0.006 2.630 0.009
Diet factor score 3 0.005 2.248 0.025
Diet factor score 4 0.008 3.361 0.001
Diet factor score 5 −0.012 −5.311 ≤0.001
GHQ12 factor score 1 0 −0.107 0.915
GHQ12 factor score 2 0.007 2.836 0.005
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body fat distribution which is linked with sex and changes
related to the ageing of the individual.28,29 However, the
socioeconomic status was not related to obesity indicators
implicating its homogeneity in the investigated population
which had already been observed.19

Although the consumption of foods rich in simple sugars
was declared by the participants of the present study to be
relatively low (Figure 1), the factor analysis of diet composi-
tion revealed that the largest proportion of variance in die-
tary choices could be attributed to the consumption of
foods rich in simple carbohydrates, followed by foods rich
in saturated fats including processed meat. However, this
finding should be taken with certain precautions because
the direction of the influence on obesity was unexpected:
the dietary factor scores which were defined by the con-
sumption of palatable, energy-dense food were negatively
correlated with both BMI and WHtR. This result can prob-
ably be explained by similar findings confirmed in previ-
ous studies where individuals who are overweight or
obese are less likely to provide reliable data regarding their
dietary habits.30–32 This is further implicated by a simi-
larly unexpected finding of a positive correlation of con-
sumption of vegetables, whole wheat bread, legumes, fish
and fresh fruit with the tested anthropometric measures of
obesity. In addition, the positive correlation of GHQ12
factor score 2, which can be described as avoidance of
dealing with problems, with obesity is in concordance

with this finding. Furthermore, among the participants of
the study, 6.4% reported being currently on a restriction
diet for personal or medical reasons, 89.2% of those per-
sons were obese or overweight (data not shown). It should
be taken into account that, as the regulation of adiposity
status is usually a gradual process which takes time, a pro-
portion of obese and overweight individuals included in
the present study may, indeed, have changed their dietary
habits, but this is still not evident in their anthropometric
indices.

The present study suggests that the FFQ is not entirely a
reliable instrument in the assessment of dietary habits, as it
was shown in some other studies,33 especially for over-
weight and obese individuals. However, the results indicate
that the participants are informed about healthy food
choices and their benefits. The confirmation of this state-
ment comes from the results of a similar study which
assessed the dietary choices in this population in 2011,
8 years later, and showed a higher level of compliance with
the Mediterranean diet, which either implies a positive
trend in dietary habits, or at least an even higher level of
knowledge concerning healthy nutrition among the partici-
pants of the study.15

The small geographic area targeted in the presented work
and the fact that the data were collected 15 years ago and
therefore might not mirror well the current situation in this
population, are the major limitations of the present study.

Figure 1 Sum of weekly frequency of consumption of foods rich in simple carbohydrates: biscuits, chocolate, cakes, bon-
bons and jam.
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The fact that the dietary pattern was measured by a single
instrument (FFQ) can be seen as an additional limitation,
and this issue has already been elaborated in more detail.
However, we find that the study has a number of strengths
that compensate for those limitations and even provide
some advantages that are not often seen. One of them is the
relatively large sample that encompasses the majority of
adult inhabitants of this island and thus provides a truly
representative population sample. Also the broad age range
enables this cross-sectional sample to provide large time-
scale information and offers an opportunity to test the dif-
ferences in measured variables among age groups which
largely compensates the limitation of the dated information
(e.g., no differences in MDSS score among the age groups
points to a long-term stability of the dietary pattern in this
population). The cultural and socioeconomic homogeneity
of the population can also be seen as the strength of the
study. It is partially because of the small geographic area,
but also to the high level of social and economic equality in
this population (as revealed in a previous targeted study19

but it also follows from the present result of the socioeco-
nomic factors showing no association with obesity). The
socioeconomic and age-groups’ homogeneity means
reduced environmental variance (‘noise’) in this population.
This enabled revealing the influence of other lifestyle and
psychological health factors that showed to be principal
determinants of inter-individual differences in obesity phe-
notype. As a number of anthropometric measurements
related to obesity were systematically taken, as well as the
bioelectrical impedance measurement, it was possible to
compare the effects of various studied risk factors on the
number of possible target phenotypes describing obesity.

In conclusion, WHtR proved to be a more useful indica-
tor of obesity than BMI as it better reflects the body compo-
sition and has a more profiled relation with nutritional and
other lifestyle factors as well as with psychological health.
In our sample, obesity was related to psychological health,
particularly with the component that can be described as
avoidance of dealing with problems. Although the Mediter-
ranean diet is a well-known healthy dietary habit, a shift
toward Western diet is noted in most Mediterranean popu-
lations, including the investigated population of the island
of Vis. However, with public health measures advocacy, it
has a chance to be re-induced in the populations of its orig-
inal environment. The influence of psychological health
and wellbeing on dietary choices and obesity should be
considered in the planning and implementation of such
public health interventions.
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Abstract
Aim: Misreporting of energy intake is a common source of measurement error

found in dietary surveys, resulting in biased estimates and a reduction in statistical

power. The present study aims to refine the conventional cut-off methods and to

examine the extent to which Australian adults misreport their energy intake, and

the characteristics of under-reporters between two time points.

Methods: A revised Goldberg cut-off approach was used to identify those who

reported implausible intake amounts in a secondary analysis of two large cross-

sectional surveys. Identified low energy reporters were then used as the outcome

variable in Poisson regressions to examine association with sex, age, body mass

index (BMI), weight perceptions, education, relative household income, geographic

remoteness and relative socioeconomic disadvantage.

Results: The prevalence of under-reporting increased from 32% in 1995 to 41% in

2012, most of which can be attributed to an increase in men. Under-reporting has a

positive association with BMI and relative socioeconomic disadvantage, but an

inverse association with age, education, relative household income and residence

in inner regional areas.

Conclusions: Under-reporting of energy intake is high in Australian adults, and

appears have worsened over time in men, which could be partly explained by the

upward trend in obesity. The use of conventional Goldberg method to identify

under-reporters can greatly underestimate the prevalence of under-reporting, future

studies should consider selecting a lower critical value to improve accuracy.

KEYWORD S

adults, dietary assessment, dietary intake, dietary intake data, methodology, obesity

1 | INTRODUCTION

In dietary measurement, people tend to report values lower
than their actual energy intake.1 This under-reporting may
be due to intentional and unintentional reasons including
social pressure, inconvenience, poor memory, poor attention
and a lack of comprehension.2 It could also be the result of
dieting or undereating influenced by the dietary assessment
process.3 Accounting for sex, age, and body mass, basal

metabolic rate (BMR) prediction equations can be used to
estimate a person's baseline rate of metabolism at rest with a
fair amount of accuracy. One can then statistically determine
whether an individual is likely to be under-reporting by com-
paring their energy intake as a multiple of their BMR
(Goldberg method)4; or as a multiple of their estimated
energy requirement (EER).5 Once these individuals are iden-
tified, the bias due to under-reporting can be addressed by
excluding these implausible reporters, although exclusion
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may lead to selection bias; or by the use of statistical tech-
niques that adjust for total caloric intake, dietary composi-
tion, or the energy density of nutrients, for example, by
including these variables or predictors of them as control
variables in the regression model.1,6

The monitoring of energy intake and energy expenditure
can be done by instruments or surveys and interviews.
Examples of instrument-based monitoring include direct
observation and photographic methods for dietary intake7;
indirect calorimetry, doubly labelled water (DLW) and
accelerometry for energy expenditure.8 As instrument-based
measurements may not be financially feasible on a suffi-
ciently large scale, surveys are often used to measure the
dietary and physical activity changes in the population for
the development and evaluation of food and nutrition poli-
cies and interventions. Non-instrument based methods
include food records, food frequency questionnaires, and
24-hour recalls for dietary intake; and activity diaries, physi-
cal activity questionnaires and interviews for energy expen-
diture.8,9 However, self-reporting can introduce bias, and
misreporting of energy intake is a common source of mea-
surement error found in dietary surveys.10 While over-
reporting is generally less problematic in adults than in
children,11 bias caused by under-reporting is certainly a con-
cern and can be extremely difficult to eliminate without the
use of more expensive means of obtaining instrument-based
measures.12

The aim in the present study is to first refine the existing
conventional methods to improve accuracy in estimating the
level of misreporting of food intake in the Australian adult
population for 1995 and 2011 to 2012; and second, to exam-
ine the characteristics of under-reporters. Few studies have
looked at energy under-reporting in Australia, especially
adults at the national level.13-16 Understanding the character-
istics and predictors of under-reporting will help ascertain
what makes them different from acceptable reporters (ie, sta-
tistically plausible reporters).

2 | METHODS

The 1995 National Nutrition Survey (NNS) and 2011 to
2012 National Nutrition and Physical Activity Survey
(NNPAS) from the Australian Bureau of Statistics (ABS)
were used in the present study, which had a response rate of
61% and 77%, respectively.17,18 Due to the use of secondary
confidentialised data, ethical approval was not required.
Households were selected at random using a stratified three-
stage area sample. Individuals below 18 years of age and
those who were pregnant were excluded from the analysis.
Of these individuals, 11% from 1995 NNS and 67% from
2011 to 2012 NNPAS participated in a second 24-hour die-
tary recall. The resultant sample used for analysis consisted

of 1196 and 5332 individuals from the from 1995 and 2011
to 2012. Energy intake was reported via face-to-face 24-hour
dietary recall, with pen and paper in 1995 and computer-
based in 2011 to 2012. The interviews were more or less
evenly distributed in all four seasons. In terms of day of the
week, Monday to Thursdays were equally frequent; the fre-
quency decreased incrementally from Friday to Sunday. The
1995 NNS used a three-pass method whereas and 2011 to
2012 NNPAS employed an automated five-pass method,
both developed by United States Department of Agriculture
Agricultural Research Service.19

In the 2011 to 2012 NNPAS dataset, information on
physical activity in the week before the interview was also
recorded, which included walking of 10 minutes' duration or
more, moderate activity, and vigorous activity. The ques-
tionnaire was based on the Active Australia Survey, which
has been shown to be reliable and valid.20-22 The duration
and intensity level (Metabolic Equivalent of Task, or MET)
of an activity were then used to calculate MET minutes.
ABS classifies physical activity into four categories, based
on total MET minutes per week and whether respondents
had more than an hour of vigorous activity. It should be
noted that no information on physical activity is available
from the 1995 NNS data to categorise individuals into vari-
ous PAL (physical activity level) groups. There is also dis-
similar information on education and geographical areas
from the two datasets. Education was converted from the dif-
ferent levels to number of years, ranging from 8 to 16 years.
Certificates III/IV add 1 year to schooling; other certificates
add half a year; diplomas, Bachelor's degree and postgradu-
ate degree are coded as 14, 15 and 16 years of education,
respectively. Household income and socioeconomic disad-
vantage were categorised into quintiles. Higher quintiles
denote that the individual lives in an area with less socioeco-
nomic disadvantage.

Energy misreporters were identified using the two vari-
ants of the Goldberg cut-off method—constant cut-off, and
variable cut-offs based on PAL groups.1,4 An alternative
method based on the ratio of EI to EER was used for com-
parison.5 The Goldberg and EER methods can determine sta-
tistically whether the reported energy intake of a respondent
is more/less than that which is expected of them based on
various factors—the variation in energy intake, BMR and
physical activity, and the number of days of diet measure-
ment for the Goldberg method; the variation in energy intake
and in total energy expenditure, the error in the EER equa-
tions, and the number of days of diet measurement for the
EER method. The Schofield prediction equations were used
to estimate BMR for each individual based on their age, sex,
and weight.23 Schofield equations have been used in the
original Goldberg study and have almost been exclusively
used in the literature since then, therefore they were used
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even though there are newer BMR prediction equations
available.24 Lower and upper Goldberg variable cut-off
values are shown in Table 1.

The critical values of 1.23 and 1.35 were applied to both
Goldberg and EER methods, for male and female adults,
respectively, in order to improve sensitivity without forgoing
much specificity. Critical values are pre-defined numbers
used in calculating confidence intervals. The same cut-off
values were used for both methods because their formulae
are based on the same statistical principles and the difference
between them is found in the coefficients of variation. More
details of the Goldberg and EER methods, and modifications
to the default critical values are included in the Appendix.

The implausible reporters (ie, likely under-reporters) and
plausible reporters, identified by the Goldberg method with
revised cut-offs, then formed the outcome variable in a log-
Poisson regression model with robust errors to analyse
demographic characteristics.25 As under-reporting is not
rare, the odds ratios in logistic regression cannot be inter-
preted as an approximation of relative risks without correc-
tion.26 The higher the prevalence of the outcome of interest,
the more the odds ratio would overestimate the relative risk.
Direct methods such as a log-binomial regression or a
Poisson regression with robust error variances are rec-
ommended to estimate relative risk adjusting for
covariates.27 In cross-sectional studies such as this one, the
estimated relative risk is also known as prevalence ratios.
The Stata command glm was used. Predictor variables in
these models included age, sex, body mass index (BMI) cat-
egories, weight perceptions, education, relative household
income, geographical area (as defined by the Australian Sta-
tistical Geography Standard [ASGS] remoteness structure)
and relative socioeconomic disadvantage (as defined by the
Index of Relative Socio-Economic Disadvantage in Socio-
Economic Indexes for Areas [SEIFA]). BMI values were

categorised into underweight (<18.5), normal weight
(18.5-24.99), overweight (25-29.99) and obesity (≥30).
Weight perceptions were assessed by asking participants
whether they perceived their weight to be acceptable, under-
weight or overweight.

3 | RESULTS

3.1 | Prevalence estimates by revised methods

Table 2 shows that the estimate for the prevalence of under-
reporting has increased from 32% in 1995 to 41% in 2012,
using a comparable method (constant cut-off). The preva-
lence estimates using conventional cut-off values are under-
estimated by 50% to 100% in comparison to these, as shown
in Table A3. This overall increase in under-reporting is
mostly due to an increase in men from 24% to 41% whereas
that in women has hardly changed between the two periods
at 40%. Over-reporting, on the other hand, does not appear
to be as prevalent as under-reporting. It was estimated to be
1% to 2% using the upper cut-offs in the present study; how-
ever, its accuracy as reported in the literature is rather ques-
tionable with a markedly lower sensitivity, 0.1 to 0.2,
despite very high specificity.28

3.2 | Characteristics of under-reporters

The simple Poisson regression and Poisson regression
adjusted for age, sex and BMI produced generally compara-
ble results as shown in Table 3, with the risk of low energy
reporting as the outcome, identified using Goldberg with
variable cut-off (Method 2 as shown in Table 2). Men were
19% more likely than women to under-report, slightly
reduced to 13% more likely when age and BMI were
included as covariates. Furthermore, most estimates
remained robust when BMI categories were included into

TABLE 1 Lower and upper Goldberg variable cut-off values for
each physical activity category

PA category PALa Lower cut-off Upper cut-off

Male

Low/sedentary 1.55 1.16 2.07

Moderate 1.78 1.33 2.38

High 2.1 1.57 2.81

Female

Low/sedentary 1.56 1.13 2.15

Moderate 1.64 1.19 2.26

High 1.82 1.82 2.51

aPAL values from FAO/WHO/UNU, 1985.25 Cut-off values calculated assuming
CVwB 8.5%, CVwEI 23%, CVtP 15% and using 2-day dietary records for a single
individual. Critical values are 1.23 (male) and 1.35 (female).10,26

TABLE 2 Estimated prevalence of under-reporting

Year Methods
Male
(%)

Female
(%)

All
(%)

1995 1. Goldberg,
constant cut-off

24.1 39.6 32.0

2011 to 2012 1. Goldberg,
constant cut-off

40.9 40.1 40.5

2. Goldberg,
variable cut-off

52.7 44.1 48.1

3. EER 50.5 44.0 47.1

BMR, body mass index; EER, estimated energy requirement. BMR is
determined by Schofield (weight only) Equations. EI is the average of two-day
data. The critical values for the BMR-based methods are 1.23 and 1.35 for males
and females, instead of 1.96 (95% confidence level).
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the model along with age and sex in addition to the variable
of interest. Mostly as a result of controlling for BMI, weight
perceptions and socioeconomic disadvantage were no longer
statistically significant. Age 40 to 59 is now statistically sig-
nificant with a relative risk of 0.93, age 60 and over now has
a lower relative risk of 0.8 as opposed to 0.9 in the
univariable model. Those living in inner regional Australia
were 11% less likely to under-report than those living in
major cities. A 1% to 2% lower risk of under-reporting was
also observed in higher education and higher household
income.

4 | DISCUSSION

The present study identified low energy reporters by apply-
ing a revised Goldberg method on two Australian national
surveys, described the characteristics of these low-energy
reporters, analysed these characteristics as predictors of
under-reporting, and compared the risk of under-reporting
between two time points. Under-reporting has increased for
men from 1995 to 2012, and its prevalence could, in theory,
be as high as over 50%. The increase in under-reporting over
time, as shown in Table 2, could be partly explained by a

TABLE 3 Risk of under-reporting of energy intake in 2011–12 NNPAS

Single Variable Multivariable

RR SE P-value 95% CI RR SE P-value 95% CI

Sex

Men 1.19 0.03 <0.01 1.13 1.26 1.13 0.03 <0.01 1.07 1.20

Women Reference Reference

Age

20 to 39 Reference Reference

40 to 59 1.03 0.03 0.31 0.97 1.10 0.93 0.03 0.03 0.88 0.99

60+ 0.90 0.03 <0.01 0.84 0.97 0.80 0.03 <0.01 0.74 0.86

BMI category

Underweight 0.60 0.14 0.02 0.38 0.93 0.59 0.14 0.02 0.38 0.93

Normal weight Reference Reference

Overweight 1.47 0.06 <0.01 1.36 1.59 1.47 0.06 <0.01 1.36 1.60

Obese 1.93 0.07 <0.01 1.79 2.08 1.98 0.08 <0.01 1.84 2.14

Perceived weight

Underweight 0.63 0.07 <0.01 0.50 0.79 0.76 0.09 0.02 0.60 0.96

Acceptable Reference Reference

Overweight 1.37 0.04 <0.01 1.30 1.45 1.03 0.04 0.43 0.96 1.10

Education

Years of education 0.99 0.01 0.04 0.98 1.00 0.99 0.01 0.03 0.97 1.00

Household income

Quintiles 1.00 0.01 0.92 0.98 1.02 0.98 0.01 0.03 0.96 1.00

Geographical Areas

Major cities Reference Reference

Inner regional 0.90 0.03 0.01 0.83 0.97 0.89 0.03 <0.01 0.82 0.95

Other 0.99 0.04 0.72 0.91 1.06 0.96 0.04 0.23 0.89 1.03

Social Disadvantage

Quintiles 0.98 0.01 0.01 0.96 0.99 0.99 0.01 0.30 0.97 1.01

BMI, body mass index; BMR, basal metabolic rate; CI, confidence interval; RR, relative risk. The outcome is low energy reporter status identified using Goldberg
(BMR, constant cut-off) and Schofield with weight only. Poisson regression modified with robust error variances is used. The multivariable model includes sex, age
groups, and BMI categories in addition to the variable of interest. The coefficient estimates for sex, age groups, and BMI categories are estimated together without any
other variable in the multivariable case. The coefficient estimates for sex, age groups, and BMI categories are estimated without any other variable. There are 5332
observations except for the perceived weight (5328) and household income (4980). Social disadvantage (SEIFA) is grouped such that higher quintiles denote less
disadvantage.
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more obese population, as higher BMI categories are consis-
tently associated with higher risk of under-reporting regard-
less of model specification or time period in the present
study. However, it is uncertain why this increase was mostly
found in men and not women. Furthermore, under-reporting
was associated with other characteristics such as younger
age, lower education, lower relative household income, liv-
ing in a socioeconomic disadvantaged area, and residence in
a major city as opposed to inner regional areas. Weight per-
ceptions were not linked to under-reporting when adjusted
for BMI categories, as was the case in other studies; or there
was a small residual effect in overweight perception
depending on the model specification.29,30

Notably, residence in an inner regional Australia as a var-
iable has stayed highly statistically significant regardless of
model specification. Even including all other predictor vari-
ables did not change the association between inner regional
Australia and lower under-reporting. Individuals who lived
in inner regional areas tended to be male, older, heavier, less
educated, have a lower household income, and live in more
socioeconomically disadvantaged areas, but all these charac-
teristics except sex and age were associated with higher
under-reporting. Age and sex were already adjusted for as
covariates. This discrepancy could be explained by a differ-
ence in attitude, perhaps due to more social acceptance or
less peer pressure, in those living in inner regional areas as
opposed to major cities and more remote areas.

The 1995 prevalence estimates for under-reporting in
energy intake in Australian adults were comparable to esti-
mates for other countries, such as New Zealand, United
States, Ireland, France, Denmark, Jamaica, and South
Korea,30-36 between 20% and 35%, as high as over 40% in
Britain, Norway and Sweden.37-39 However, these estimates
were expected to underestimate the true prevalence, as the
Goldberg method using the default critical value of 1.96 can
only identify up to about two thirds but not all of the under-
reporters. The 2011 to 2012 under-reporting prevalence esti-
mates were nearly 50% for adults in Australia, but would be
about 30% if default cut-offs were used (eg, 0.96 for seden-
tary men instead of 1.16). Likewise, the prevalence estimates
went from 46% to 67% in the Swedish study by shifting the
cut-off points from 1.2 to 1.35.39 In terms of the amount of
EI underestimation, the figure of 19.4% is also in line with
other studies.10

Under-reporting was more prevalent in women than in
men in 1995, yet under-reporting in men has surpassed that
in women by 2012. It is unlikely that the increase in under-
reporting was primarily driven by the differences in dietary
assessment methodology in the two surveys, as men and
women would likely be affected in the same way. Women
have been reported to be better than men in estimating solid
food, which might have had an impact.40 While under-

reporting was also observed more frequently in adults com-
pared to children and adolescents, there is generally less of a
gender difference in youth.11 For example, 5% of Australian
children and adolescents were found to be low-energy
reporters in 2007, and there is no apparent difference
between boys and girls up to 13 years of age.14 It appears
this gender difference in adults has narrowed considerably
between 1995 and 2012.

The conventional Goldberg method with variable cut-
offs, has previously been shown to be able to identify
approximately three quarters of the under-reporters while the
number of false positives remains low. That, coupled with
more “optimal” critical values, in theory, can identify more
than 80% of all under-reporters without compromising much
on false negatives. It is because by reducing the critical
value from 1.96 to somewhere between 1 and 1.4, the sensi-
tivity of the method is further increased while keeping speci-
ficity high, by optimising the trade-off between sensitivity
and specificity. However, due to the 1995 NNS data not
containing information on energy expenditure, the variable
cut-off method had to be replaced by the constant cut-off
method. The constant cut-off method typically yields a lower
sensitivity with the default critical value of 1.96, but using
critical values between 1 and 1.4 has been able to identify
substantially more under-reporters, albeit still less sensitive
than the variable variant with calibrated critical values. The
findings with respect to the change in underreporting over
time relied on the use of the constant cut-off in the Goldberg
approach, but as our other results show, this probably under-
estimates the proportion of underreporting, which may have
affected the trend estimates. Additionally, it may not be suf-
ficient to establish any trend in under-reporting based on
only two time points, so further investigation in this regard
is warranted.

Although NNPAS contains information on physical
activity, sedentary behaviour, and sleep, deriving PAL
values for each individual is not straightforward because
walking of duration under 10 minutes is not reported. If
information on physical activity of shorter duration were
available, this could potentially further increase the accuracy
of the Goldberg approach, by more accurately classifying
the individual into their corresponding PAL category and
thus a more accurate cut-off for the individual. In addition,
the coefficients of variation could be updated with values
more specific to the Australian adult population, to more
accurately account for the variation in energy intake, BMR
and physical activity.

The present study has made improvement on the identifi-
cation of under-reporters by adjusting the critical value use
for calculating the Goldberg and EER cut-offs. It highlights
the prevalence of under-reporting energy intake in Australia
and the characteristics of under-reporters, which helps
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understand the limitations of current dietary surveys and the
need for adjustments. The use of conventional Goldberg
method to identify under-reporters can underestimate the
prevalence of under-reporting, future studies should consider
selecting a critical value between 1 and 1.4 instead of the
default z-score for 95% confidence level.
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APPENDIX

The Goldberg method is a conventional approach used to
evaluate energy misreporting in a study population at the
individual level, when non-instrument-based dietary assess-
ments are conducted instead of instrument-based measures.
It is based on the ratio of EI to basal metabolic rate (BMR),
and has two variants—constant cut-off and variable cut-off.
For constant cut-off, the entire population was assumed to
have an expected physical activity level (PAL) of 1.55,
which is the probable minimum energy requirement for a
sedentary population.41 For the variable cut-off method, the
population was divided into four PAL groups as defined by
ABS. (ABS defines the PAL groups as follows: sedentary—
less than 50 MET minutes a week; low—50 to less than
800 MET minutes a week; moderate—800 to 1600 MET
minutes a week or over 1600 MET minutes but less than
1 hour of vigorous physical activity per week; high—over
1600 MET minutes a week and at least 1 hour of vigorous
physical activity per week.19) This is to improve the identifi-
cation of under-reporters by comparing an individual's
reported energy intake with the expected energy requirement
specific to their PAL level. The PAL values derived using
regression results from Thompson et al42 are by and large
concordant with the expected PAL values given by
FAO/WHO/UNU43 for each PAL category (see Table A1).
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However, only the constant cut-off method could be used
for the 1995 data due to a lack of information on the
participants' PAL.

Empirical PAL values for each individual are derived
from the total minutes of moderate-vigorous activity per
week in bouts of 10 minutes or more, taking the arith-
metic mean of two equations shown in the additional
file in Thompson et al42 that describe their relationship.
PAL = ((Time + 1133)/814 + (Time + 2556)/1851)/2.

The Goldberg method

When weight is stable, energy intake is equal to energy
expenditure. If both terms are expressed as multiples of
BMR, the following equation ensues.

EI
BMR

=
EE
BMR

ðA1Þ

PAL can be defined as EE divided by BMR
(PAL= EE

BMRÞ. The Goldberg cut-off method is used to esti-
mate whether an individual is likely to be misreporting their
energy intake, by way of comparing their EI as a multiple of
BMR against their expected PAL.

Upper or lower confidence bounds for the Goldberg
method were calculated as follows:

upper=lower limit =PAL× ez×
Sffiffi
n

p ðA2Þ

where z is ±2 for 95% confidence level, n is the number
of subjects in the study (for individual-level identification,
n is 1), S is a factor which takes into account the within-
subject daily variation in energy intake (CVwEI

2), within-
subject variation in basal metabolic rate (CVwB

2), and
total variation in physical activity (CVtP

2), as well as the
number of days of diet measurement (d), as expressed
below.

S=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CVwEI

2

d
+CVwB

2 +CVtP
2

s
ðA3Þ

The values for these coefficients of variation were
assumed to be 23%, 8.5% (for estimated BMR) and 15%,
respectively, as suggested in the literature and widely used
in other studies to identify energy misreporting.10,28 For
example, the lower cut-off value for EI:BMR with a mean
PAL of 1.55 is 0.87* for a single day of dietary record. In
other words, if the reported energy intake is below 0.87 for a
given individual, he or she is likely to be an under-reporter,
also known as a low energy reporter (LER). Furthermore,
the cut-off values can vary depending on the expected PAL
value of a specific PAL category in the case of the variable
PAL variant.

The EER method

EI =EER ðA4Þ

Alternatively, EER equations can be used to estimate the
energy expenditure, and therefore be used instead of BMR
in the Goldberg cut-off method.5 EER equations are specific
to age, sex, and BMI categories.44 The ratio between EI and
EER is expected to be 1 at energy balance, so the PAL term
in Equation A2 is replaced by the value 1, as follows.

upper=lower limit =1× ez×
Sffiffi
n

p ðA5Þ

The new factor S is similar to Equation A3 but specific
to EER instead of BMR, taking into account the within-
subject daily variation in energy intake (CVwEI

2), the error in
the EER equations (CVeEER

2), and the daily variation in total
energy expenditure (CVtEE

2), as well as the number of days
of diet measurement (d), as expressed below.

S=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CVwEI

2

d
+CVeEER

2 +CVtEE
2

s
ðA6Þ

The values for CVwEI, CVeEER, and CVtEEwere assumed
to be 23%, 11%, and 8.2%, respectively.5 The lower cut-off
value for EI:EER for men is 0.77 with two days of food
records, and that for women is 0.75.

While the PAL value 1.55 has been recommended by
FAO/WHO/UNU (1985) to be the energy requirement for a
sedentary/lightly active population, it was found to be con-
servative by subsequent DLW studies.45 Black also found
that increasing the constant cut-off from 1.55 to 1.65 to 1.95
traded specificity for higher sensitivity, with the marginal
gain in sensitivity decreasing quite sharply after 1.75.28

TABLE A1 Comparison of expected PAL from
FAO/WHO/UNU and mean empirical PAL

PA category
PAL (FAO/
WHO/UNU) Empirical PAL

Male

Low/sedentary 1.55 1.48

Moderate 1.78 1.77

High 2.1 2.27

Female

Low/sedentary 1.56 1.46

Moderate 1.64 1.66

High 1.82 1.95
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Nonetheless, one could argue that adjusting the mean to
improve sensitivity may not be statistically valid.

The default critical value (z-score) of 1.96 generally
results in a sensitivity of about 0.5 for constant cut-off, a
sensitivity of about 0.7 for variable cut-off, and a specificity
of over 0.95 for both Goldberg variants.28 However, it has
been suggested that reducing the critical value to somewhere
between 1 and 1.4 to identify the maximum number of
implausible reporters while maintaining biological plausibil-
ity.5 The critical value was calibrated in order to improve
sensitivity to over 0.8 and specificity of about 0.9, based on
the estimated trade-off relationship between sensitivity and
specificity from a 2012 US study that examined the accuracy
of the Goldberg method on 2-day 24-hour dietary recall.46

The calibration procedure involved selecting cut-off values
near the point at which sensitivity and specificity intersect.
Whether the underreporting prevalence estimate is under-
estimated or overestimated depends on what the true preva-
lence around which the selection is centred. The assumed
true prevalence was centred at approximately 38% for men
and 33% for women. The critical values were determined to
be 1.23 and 1.35 for men and women, respectively, applied
to both Goldberg and EER methods. The different Goldberg
cut-off values for low, moderate, and high physical activity
categories are shown in Table A2.

Descriptive statistics are included in Table A3. Men
reported an average of 9609 kJ of daily EI, whilst their EER
is 12 376 kJ. Women reported an average of 7385 kJ of
daily EI, whilst their EER is 9267 kJ. The average of 2-day
dietary data reduces the daily EI to 97% of 1-day EI, and
reduces the variance to 66% or SD to 81% of 1-day EI (not
shown). The mean EI:EER ratio is 0.80 for men and 0.82 for
women. The ratio is considerably higher in normal-weight
individuals at 0.88. Notably, underweight individuals
reported their energy intake as much as their expected
energy requirement, on average. On the other hand, individ-
uals with obesity reported lower than average EI:EER ratio,T
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TABLE A3 Estimated prevalence of under-reporting using
conventional cut-off values

Year Methods
Male
(%)

Female
(%)

All
(%)

1995 1. Goldberg,
constant cut-off

11.7 22.9 17.4

2011 to 2012 1. Goldberg,
constant cut-off

24.2 25.0 24.6

2. Goldberg,
variable cut-off

33.3 28.9 31.0

3. EER 32.9 31.2 32.0

BMR, basal metabolic rate; EER, estimated energy requirement. BMR is
determined by Schofield (weight only) equations. EI is the average of two-day
data. The critical value for the BMR-based methods is 1.96 (95% confidence
level).
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only about 70% of the expected energy requirement has been
reported. Likewise, perceived weight is inversely associated
with EI:EER, where those who perceive themselves as
underweight have the highest EI:EER, and vice versa.

The differences in mean EI:EER are less pronounced for
the other variables, as the values range between 0.75 and
0.85. Among education groups in males, the mean EI:EER
is similar, except for individuals who have not completed
Year 12 or equivalent (those with a total of at least 12 years
of education, but less than 14 years, were regarded as equiv-
alent to Year 12) who have a higher average; in females,
individuals who have university education have a higher
mean EI:EER than those with less education. Individuals liv-
ing in inner regional areas tend to have a higher EI:EER than
other geographical areas.

The proportion of LER is progressively lower in older
age group, while it is progressively higher in higher BMI
categories and perceived weight categories ranging from
about 20% in underweight and normal-weight categories to

65% in the obese category. The same relationship is
observed in weight perceptions. The range is less extreme
for the other predictor variables. In women, higher educa-
tion, higher income and areas with less socioeconomic dis-
advantage have lower proportion of LER, whereas in men,
similar levels of LER are found.

Figure A1 shows how the distribution of the EI:EER ratio
changed when low-energy reporters (BMR, variable cut-off)
were excluded from the sample. The mean increased to 1.01
and 1.00 for men and women, respectively, which means on
average these individuals report 100% of their EER in their
EI. The minimum EI:EER is 0.65 (0.72 for men) which
coincides with the cut-off threshold of the EER method
which is 0.65 for two-day data, despite the fact that the vari-
able BMR method was used instead.

Table A4 shows the sex-specific multivariable models on
data from the 1995 NNS and 2011 to 2012 NNPAS, with
the outcome still being the risk of low energy reporting, but
identified using the constant cut-off Goldberg approach

TABLE A4 Risk of under-reporting of energy intake by sex in 1995 NNS and 2011 to 2012 NNPAS

Multivariable, male, 1995 and 2012 Multivariable, female, 1995 and 2012

RR SE P-value 95% CI RR SE P-value 95% CI

Age

20 to 39 Reference Reference

40 to 59 1.09 0.06 0.10 0.98 1.21 0.99 0.05 0.77 0.90 1.08

60+ 0.89 0.05 0.06 0.79 1.00 0.89 0.05 0.03 0.80 0.99

BMI category

Underweight 0.46 0.25 0.16 0.16 1.35 0.75 0.19 0.26 0.46 1.24

Normal weight Reference Reference

Overweight 1.71 0.13 <0.01 1.48 1.97 1.54 0.09 <0.01 1.38 1.72

Obese 2.74 0.20 <0.01 2.38 3.16 2.20 0.11 <0.01 1.98 2.44

Perceived weight

Underweight 0.82 0.15 0.27 0.57 1.17 0.68 0.15 0.07 0.44 1.03

Acceptable Reference Reference

Overweight 1.15 0.06 0.01 1.03 1.28 1.06 0.06 0.33 0.95 1.18

Household income

Levels 0.95 0.02 <0.01 0.92 0.98 0.94 0.02 <0.01 0.91 0.97

Social disadvantage

Quintiles 0.99 0.02 0.42 0.96 1.02 0.97 0.01 0.02 0.94 0.99

Period

1995 Reference Reference

2011 to 2012 1.60 0.12 <0.01 1.38 1.86 0.97 0.05 0.62 0.88 1.08

BMI, body mass index; BMR, basal metabolic rate; CI, confidence interval; RR, relative risk. The outcome is low energy reporter status identified using Goldberg
(BMR, constant cut-off) and Schofield with weight only. Poisson regression modified with robust error variances is used, which includes age groups, BMI categories,
and the period variable in addition to the variable of interest. The coefficient estimates for age groups, BMI categories, and the period variable are estimated together
without any other variable. There are 3096 and 3432 observations for men and women, respectively, except for perceived weight (3092/3431), household income
(2896/3139), socioeconomic disadvantage (3092/3427). Social disadvantage (SEIFA) is grouped such that higher quintiles denote less disadvantage.

556 TAM AND VEERMAN



(Method 1 as shown in Table 2). The age, sex, and BMI var-
iables were included into the models as was the case for the
multivariable models in Table 3.

The risk of under-reporting when adjusted for age and
BMI was 60% higher in 2012 than in 1995, consistent
with the crude estimate of 70% (from 24.1% to 40.9%)
indicated in Table 2. On the other hand, there has been no
change for women during the same period. The risk in
higher BMI categories increased due to the inclusion of
the 1995 NNS data. Overall, the rest of the results for two
periods combined are comparable to the results for only
2011 to 2012 in Table 3. The only exception is when only
data from 1995 were modelled; older age groups had
higher under-reporting risk, though this was not observed
when 2011 to 2012 data were included as well (see
Tables A4, A6 and A7).

The multivariable Poisson regression results modelled
separately for men and women are shown in Table A5, with
the risk of low energy reporting as the outcome. When
adjusted for age, overweight individuals of either sex were
about 50% more likely and individuals with obesity were
100% more likely to under-report their EI, compared to those
with normal weight. Weight perceptions are no longer statis-
tically significant after including for BMI categories as a
covariate, but underweight perception still has a 0.76 (P-
value = 0.02) coefficient estimate in the multivariable model
that pooled both sexes in Table 2 in the main text. Those
aged 60 or over were 20% less likely to under-report than
those aged below 40. Those living in inner regional
Australia were 11% less likely to under-report than those liv-
ing in major cities. A 3% to 4% lower risk of under-reporting
was also observed in higher education, higher household

TABLE A5 Risk of under-reporting of energy intake by sex in 2011 to 2012 NNPAS

Multivariable, male Multivariable, female

RR SE P-value 95% CI RR SE P-value 95% CI

Age

20 to 39 Reference Reference

40 to 59 0.98 0.04 0.62 0.90 1.06 0.89 0.04 0.02 0.81 0.98

60+ 0.80 0.04 <0.01 0.73 0.88 0.79 0.04 <0.01 0.72 0.88

BMI category

Underweight 0.33 0.18 0.04 0.11 0.95 0.72 0.18 0.18 0.44 1.17

Normal weight Reference Reference

Overweight 1.49 0.09 <0.01 1.33 1.67 1.45 0.08 <0.01 1.29 1.62

Obese 1.95 0.11 <0.01 1.75 2.18 2.00 0.10 <0.01 1.81 2.22

Perceived weight

Underweight 0.80 0.12 0.13 0.60 1.06 0.72 0.15 0.12 0.47 1.08

Acceptable Reference Reference

Overweight 1.06 0.05 0.17 0.97 1.16 0.99 0.06 0.86 0.89 1.11

Education

Years of education 1.01 0.01 0.15 1.00 1.03 0.96 0.01 <0.01 0.94 0.98

Household income

Quintiles 0.99 0.01 0.43 0.96 1.02 0.96 0.02 0.01 0.93 0.99

Geographical areas

Major cities Reference Reference

Inner regional 0.89 0.04 0.02 0.80 0.98 0.89 0.05 0.03 0.80 0.99

Other 0.96 0.05 0.42 0.87 1.06 0.95 0.05 0.37 0.85 1.06

Social disadvantage

Quintiles 1.01 0.01 0.57 0.98 1.03 0.97 0.01 <0.05 0.95 1.00

BMI, body mass index; BMR, basal metabolic rate; CI, confidence interval; RR, relative risk. The outcome is low energy reporter status identified using Goldberg
(BMR, constant cut-off) and Schofield with weight only. Poisson regression modified with robust error variances is used, which includes age groups and BMI
categories in addition to the variable of interest. The coefficient estimates for age groups and BMI categories are estimated together without any other variable. There
are 2512 and 2820 observations for men and women, respectively, except for the perceived weight (2509/2819) and household income (2380/2600). Social
disadvantage (SEIFA) is grouped such that higher quintiles denote less disadvantage.
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income and less socioeconomic disadvantage, but only for
women not men highlighting sex-specific effects.

In order to understand how much a variable improved the
goodness of fit of the models shown in Table 2 in the main
text, a pseudo R2 could be computed for each variable in the
single-variable case.47 The Cox-Snell R2 was 0.034 for
BMI, and 0.017 for weight perceptions while it was less than
0.004 for other predictor variables. Adding age and sex to
the model in addition to BMI increased the R2 to 0.040, but

very little further increase was gained by adding weight
perceptions. Moreover, one could examine the changes to
the relative risk of the period effect between the two time
periods in the model shown in Table 3, by removing the
BMI variable to understand the extent to which the
increase in under-reporting risk over time in men is attenu-
ated by keeping BMI constant. The period effect decreased
from a relative risk of 1.70 to 1.60 after controlling
for BMI.

TABLE A6 Risk of under-reporting of energy intake for men in 1995 NNS and 2011 to 2012 NNPAS

Multivariable, male, 1995 Multivariable, male, 2012

RR SE P-value 95% CI RR SE P-value 95% CI

Age

20 to 39 Reference Reference

40 to 59 1.70 0.31 <0.01 1.19 2.43 1.02 0.06 0.68 0.92 1.14

60+ 1.49 0.30 0.05 1.00 2.21 0.83 0.05 <0.01 0.74 0.94

BMI category

Underweight NA NA NA NA NA 0.52 0.28 0.22 0.18 1.50

Normal weight Reference Reference

Overweight 1.59 0.35 0.04 1.03 2.45 1.71 0.13 <0.01 1.47 2.00

Obese 3.34 0.73 <0.01 2.18 5.12 2.65 0.20 <0.01 2.29 3.08

Perceived weight

Underweight 0.92 0.53 0.88 0.30 2.82 0.81 0.16 0.28 0.55 1.19

Acceptable Reference Reference

Overweight 1.03 0.18 0.89 0.73 1.45 1.16 0.07 0.01 1.04 1.30

Household income

Levels 0.94 0.05 0.32 0.84 1.06 0.95 0.02 <0.01 0.92 0.98

Socioeconomic areas

Quintiles 1.03 0.05 0.58 0.93 1.14 0.98 0.02 0.23 0.95 1.01

BMI, body mass index; BMR, basal metabolic rate; CI, confidence interval; NA, not available; RR, relative risk. Too few observations can result in an estimate of zero
which is denoted by NA. The outcome is low energy reporter status identified using Goldberg (BMR, constant cut-off) and Schofield with weight only. Poisson
regression modified with robust error variances is used, which includes age groups and BMI categories, in addition to the variable of interest. The coefficient estimates
for age groups and BMI categories are estimated together without any other variable. There are 584 and 2512 observations for men in 1995 and 2011 to 2012,
respectively, except for perceived weight (583/2509), household income (516/2380), and socioeconomic areas (580/2512). Socioeconomic areas (SEIFA) are grouped
such that higher quintiles denote less disadvantage.

TABLE A7 Risk of under-reporting of energy intake for women in 1995 NNS and 2011 to 2012 NNPAS

Multivariable, female, 1995 Multivariable, female, 2012

RR SE P-value 95% CI RR SE P-value 95% CI

Age

20 to 39 Reference Reference

40 to 59 1.46 0.18 <0.01 1.16 1.85 0.90 0.05 0.05 0.81 1.00

60+ 1.27 0.17 0.07 0.98 1.65 0.83 0.05 <0.01 0.74 0.92

BMI category

Underweight 0.54 0.51 0.52 0.08 3.51 0.75 0.20 0.28 0.45 1.26

Normal weight Reference Reference
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TABLE A7 (Continued)

Multivariable, female, 1995 Multivariable, female, 2012

RR SE P-value 95% CI RR SE P-value 95% CI

Overweight 1.79 0.23 <0.01 1.38 2.31 1.48 0.09 <0.01 1.30 1.67

Obese 2.44 0.31 <0.01 1.89 3.13 2.13 0.12 <0.01 1.91 2.38

Perceived weight

Underweight NA NA NA NA NA 0.81 0.17 0.34 0.54 1.24

Acceptable Reference Reference

Overweight 1.17 0.15 0.21 0.91 1.50 1.04 0.07 0.51 0.92 1.18

Household income

Levels 0.92 0.04 0.04 0.86 1.00 0.94 0.02 <0.01 0.91 0.97

Socioeconomic areas

Quintiles 1.01 0.04 0.73 0.94 1.08 0.96 0.01 0.01 0.93 0.99

BMI, body mass index; BMR, basal metabolic rate; CI, confidence interval; NA, not available; RR, relative risk. Too few observations can result in an estimate of zero
which is denoted by NA. The outcome is low energy reporter status identified using Goldberg (BMR, constant cut-off) and Schofield with weight only. Poisson
regression modified with robust error variances is used, which includes age groups and BMI categories, in addition to the variable of interest. The coefficient estimates
for age groups and BMI categories are estimated together without any other variable. There are 612 and 2820 observations for men in 1995 and 2011 to 2012,
respectively, except for perceived weight (612/2819), household income (539/2600), and socioeconomic areas (607/2820). Socioeconomic areas (SEIFA) are grouped
such that higher quintiles denote less disadvantage.
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Dietary underreporting in women affected by
polycystic ovary syndrome: A pilot study
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Abstract
Aim: The first-line therapy for polycystic ovary syndrome (PCOS) is weight loss focussing on diet and regular exer-
cise; measurement of diet and energy intake (EI) is important to determine associations between nutrients and health
in women with PCOS. The EI underreporting (UR) is a condition characterised by reports of habitual EI that is implau-
sibly low, compared with estimated requirements. This case–control study aims to evaluate UR in women with PCOS.
Methods: Thirty-six women with PCOS were enrolled according to the Rotterdam criteria; 37 healthy women were
enrolled as controls. Inclusion criteria: age range 18–45 and body mass index ≥18.5 kg/m2 in subjects without eat-
ing disorders and/or diabetes mellitus. Nutritional assessment included: anthropometry, basal metabolic rate (BMR),
weight history and physical activity assessment. Subjects completed a non-consecutive three-day dietary diary to
identify energy and macronutrient intake. UR was calculated (Goldberg Index: EI/BMR).
Results: Although women with PCOS reported a significantly higher mean BMR than controls (P < 0.0001), their EI
was lower (P < 0.001), suggesting an UR in 47.2% of women with PCOS versus 2.7% of controls (P < 0.0001). The EI
from simple sugars was lower in women with PCOS than controls (P < 0.01). The protein intake was increased in con-
trols than women with PCOS (P < 0.0001). Weight cycling was more frequent in women with PCOS (P < 0.001). Logis-
tic regression analysis identified UR associated with PCOS (P = 0.001).
Conclusions: Women with PCOS underreport foods rich in simple sugars rather than underreport their total dietary
intake. These results may have implications for the interpretation of diet and health correlations in this patient
population.

Key words: basal metabolic rate, dietary underreporting, energy intake, misreporting, polycystic ovary
syndrome.

Introduction

Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrine disorders in women of reproductive age,

with a 5–10% prevalence rate.1 Applying the Rotterdam cri-
teria which requires the presence of two or more of the fol-
lowing: ovulatory dysfunction (oligo- or amenorrhoea),
hyperandrogenism (either biochemical or clinical hirsutism)
and polycystic ovarian morphology,2 the rate of PCOS in
community settings might increase to 18%.3

The pathogenesis of PCOS is multifactorial—a key com-
ponent is the association between insulin resistance, com-
pensatory hyperinsulinemia and hyperandrogenism.4–7

Clinical manifestations of PCOS frequently include high
body adiposity leading to an increased risk of metabolic
syndrome, type 2 diabetes and cardiovascular disease.8,9

Although weight loss and dietary modifications are
recommended to improve the metabolic status, reduce tes-
tosterone and decrease hirsutism in women with PCOS,6,10

they are usually not able to result in sustainable weight loss
with scarce results in metabolic and reproductive outcomes.
As women with PCOS could experience high body
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adiposity8,9 they could feel inadequate and judged for their
weight and eating; therefore, they might disclose dietary
habits, which reflect counsellor’s expectations rather than
actual consumption. It has been reported that, in this selec-
tive misreport, patients affected by obesity omit socially
undesirable food items high in fat, sugar, alcoholic bever-
ages, and underreport portion sizes or snack consump-
tion11,12 to align with perceived preferred diet behaviours.

Several variables, grouped into nine distinct categories,
seem to influence energy misreporting: demographics
(e.g. age, gender), diet (e.g. macronutrient intake), eating
behaviour (e.g. eating restraint), social desirability, dieting/
weight history (e.g. number of previous dieting attempts),
body image, psychology (e.g. depression), life status
(e.g. socioeconomic status) and physical activity.13

The energy intake (EI) underreporting (UR) occurs when
the report of habitual EI is implausibly low when compared
with estimated requirement.14 It has been reported that UR
tends to be higher among women with obesity.15 People
with obesity often experience weight stigma, as highlighted
by Puhl and Suh.16 and at higher body mass indexes
(BMIs) frequently correspond higher UR and poorer diet
quality.15 Therefore, inaccurate or biased EI reporting may
undermine the validity of research on dietary surveys and
health outcomes.17

Finally, it has been reported18 that women with PCOS,
particularly those with insulin resistance, present a signifi-
cantly decreased basal metabolic rate and should restrict
their EI by diet and enhance their energy expenditure by
exercise to maintain their body weight.

Based on these considerations, to the best of our knowl-
edge, this is the first pilot case–control study, to evaluate
the presence of EI UR in women affected by PCOS, paying
attention to insulin resistance as a possible confounding
factor.

Methods

Subjects with PCOS, according to the Rotterdam consensus,2

attending the Research Centre for Reproductive Medicine,
Gynaecological Endocrinology and Menopause, Fondazione
IRCCS San Matteo of Pavia (Italy) and not under treatment
for weight loss, were recruited between January 2015 and
November 2015.

Exclusion criteria were BMI <18.5 kg/m2, diabetes melli-
tus, eating disorders and intentional weight loss in the pre-
vious 3 months. Thus 36 women with PCOS were included
(age range: 16–43 years) and 37 healthy subjects matched
by age (age range: 18–45 years) were enrolled as controls.

Informed consent and Patient Privacy Consent Form was
obtained from all participants. IRB approval was obtained
per institutional guidelines. All procedures performed in
the study were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

The study followed the ‘STrengthening the Reporting of
OBservational studies in Epidemiology’ (STROBE)
guidelines.

Nutritional assessment was performed, including anthro-
pometric measurements (height, weight, waist circumfer-
ence (WC)) and biochemical parameters (glucose, insulin,
total cholesterol, triglycerides, HDL and LDL cholesterols).
Weight, height and WC were measured under standard
conditions, as previously described;19 BMI (weight in
kg/height in m2) was then calculated.

Homeostasis Model Assessment (HOMA) index was also
assessed as index of insulin resistance (cut-off value >2.3).20

Moreover, we investigated the history of previous diet-
ing, particularly the history of weight cycling with the fol-
lowing questions:
• Have you ever undergone weight loss dietary treatment

during your life? If yes, how many times?
• Have you lost any weight after any weight loss dietary

treatments? If yes, how much?
• Have you ever lapsed or relapsed? If yes, how many

times?
According to the literature,21 all women reporting a 5 kg

weight loss three or more times in a lifecycle followed by a
regain were defined as weight cyclers.

To estimate energy and nutrient intake, subjects were
instructed to compile a non-consecutive three-day dietary
record (food diary).22 The days of recording were rando-
mised (1 weekend day and 2 non-consecutive weekdays),
to provide a sufficient number of days to measure EI for
the sample size and a good weekly representation of the
mean dietary habits of the subjects.22 Total EI, the percent-
age of energy from carbohydrates, simple sugars, lipids, and
proteins, and fibre were estimated using the Food Compo-
sition Database for Epidemiological Studies in Italy.23

To investigate physical activity patterns, we administered
a section of a previously validated dietary questionnaire.24

The questionnaire was drawn from one originally developed
and validated on an Italian youth population24 and then
adapted by two dietitians to our adult population by delet-
ing physical activities in the school environment before its
administration. The new adapted version was previously
piloted on a sample of 24 subjects and revised accordingly,
although its validity and reliability were not formally tested.
All answers were structured to quantify the time spent
weekly in physical activity: (i) to investigate the activities
spent during the free time (i.e. walking, watching TV, lis-
tening, to music, using the computer, reading a book, prac-
ticing a sport and shopping) and (ii) to quantify screen time
(i.e. the hours on the computer or watching TV). Each
score ranged from 0 to 3, with the maximum score assigned
to the healthiest habit.24 The total score was divided into
tertiles: (i) Low: ‘sedentary’, (ii) Medium: ‘partially moder-
ate’ and (iii) High: ‘active’, according to the National Life-
style Guidelines.25

To derive cut-off values for EI misreporting, according to
Goldberg et al.,26 we applied at individual level, the equa-
tions reported in Figure 1 to determine the rate of under-
reporters, plausible and over-reporters.27

Dietary underreporting polycystic ovary syndrome
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In the equations, SDmin was −2 for the 95% lower confi-
dence limit; SDmax was +2 for the 95% upper confidence
limit and n = 1 because we evaluated misreporting at indi-
vidual level.27 Based on the questionnaire,24 the entire sam-
ple was classified as ‘sedentary’, leading to physical activity
level (PAL) value of 1.4, according to Food and Agriculture
Organisation of the United Nations/World Health Organisa-
tions/United Nations University report.28 The BMR was esti-
mated using the Schofield equation29 for age and sex
categories. In the equations, S was the factor that consid-
ered the variation in EI, BMR and PAL27 and was reported
in Figure 2. To calculate S for 3 days food consumption
(d = 3, by food diary) we used revised factors of Black, con-
sidering 23% of within-subject variation for EI (CVwEI),
15% of between-subject variation for PAL (CVtP) and 8.5%
of within-subject variation for estimated BMR (CVwB).

27,30

Therefore, subjects with calculated values of the ratio EI:
BMR in the interval 0.9–1.5 were classified as plausible
reporters. Subjects with individual EI:BMR <0.9 were cate-
gorised as under-reporters, subjects with individual EI:BMR
>0.9 were categorised as over-reporters.

Data quality control and statistical analyses were per-
formed using STATA 11 (StataCorp, College Station, TX,
USA). All quantitative variables were explored to verify their
distributional properties and eventually transformed to
respect the Normality assumption. Descriptive statistics

representing means, SDs, percentages and ranges were com-
puted. T test was performed to verify that patients’ charac-
teristics did not differ significantly in the PCOS patients
and the control group. A logistic regression analysis was
applied to evaluate the association between PCOS and UR,
taking into account the effect of age, BMI, the presence of
weight cycling and insulin resistance as possible
confounders.

Results

Table 1 shows anthropometric and biochemical characteris-
tics of the sample population.

Most of PCOS patients (88.8%), had obesity when com-
pared to controls (10.8%), with higher mean BMI
(31.5 � 5.6 kg/m2 vs 22.2 � 2.6 kg/m2; P < 0.0001,
respectively). WC was significantly higher in PCOS patients
than controls (98.4 � 14.2 cm vs 74.2 � 8.4 cm;
P < 0.0001, respectively).

Energy and macronutrient intake of the study population
are reported in Table 2 and compared to the Italian refer-
ence intakes (LARN 2014).31 Although PCOS patients had
a significantly higher mean BMR than controls
(1658.7 � 201.1 kcal vs 1359.2 � 103.7 kcal; P < 0.0001,
respectively), their EI was significantly lower
(1790.1 � 365.5 kcal vs 1975.5 � 186.1; P < 0.001,
respectively), suggesting a frequent UR, positive in 47.2%
of PCOS patients vs 2.7% of controls (P < 0.0001).

The percentage of EI from total carbohydrates did not
differ between the two groups except for simple sugars. The
percentage of EI from simple sugars was higher than recom-
mended31 in both groups but, it was significantly lower in
PCOS than controls (21.2 � 10.3% vs 27.3 � 9.8%;
P < 0.01, respectively).

Biochemical parameters assessment reported a HOMA
index value significantly higher in PCOS patients than con-
trols (3.6 � 2.6 vs 2.0 � 0.8; P = 0.003, respectively)
highlighting insulin resistance in 65.7% of PCOS patients
and in 27.8% of controls (P = 0.006). While mean glucose
levels were under the relevant cut-off both in PCOS patients
and controls and did not differ significantly between
groups; the mean insulin levels were significantly higher in
PCOS patients than controls (15.5 � 9.6 microun/mL vs
9.4 � 37 microun/mL; P = 0.002, respectively) and not
within the relevant reference interval only in 14% of
patients.

The protein intake (g/kg body weight) was significantly
higher in controls than PCOS cases (1.3 � 0.2 g/kg body
weight vs 0.8 � 0.2 g/kg body weight; P < 0.0001, respec-
tively); even though in both groups was observed a protein
intake higher than recommended31 in 97.3% of subjects
and 69.4% of subjects, respectively, for controls and
women with PCOS (P < 0.0001). The percentage of EI
from lipids did not differ significantly between the two
groups. Fibre intake was under the relevant cut-off31 in the
majority of PCOS patients and controls.

Concerning lipid panel parameters, total cholesterol
levels were significantly higher in PCOS patients than

 

Figure 1 Goldberg/Black equation to derive cut-off values
for evaluation of misreporting of energy intake.27 Legend:
EI, energy intake; BMR, basal metabolic rate; PAL, physical
activity level; S, coefficient that takes account of the varia-
tion in EI, BMR and PAL; SDmin, −2 for the 95% lower
confidence limit; SDmax, +2 for the 95% upper confidence
limit; n, the number of subjects evaluated.

Figure 2 Equation used to calculate the coefficient
(S) taking into account of the variation in energy intake,
BMR and PAL in the Goldberg/Black equation.27 Legend:
CVwEI, within-subject variation in energy intake; d, number
of days of diet assessment; CVwB, within-subject variation
in repeated BMR measurements or precision of estimated
BMR estimated compared with measured BMR; CVtP,
within-subject variation in PAL.
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controls (197.1 � 31.0 mg/dL vs 180.4 � 34.4 mg/dL;
P < 0.05, respectively) and were above the cut-off value
in the 38.8% of PCOS patients and 16.2% of controls
(P = 0.05). Although mean triglycerides levels were under
the cut-off value in both groups, they were significantly
higher in PCOS patients than controls. The HDL and
LDL cholesterol levels were, respectively, above and below
the relevant cut-offs in most cases, but the percentage of

HDL and LDL cholesterol levels above and below the cut-
off values did not differ significantly between the two
groups.

PCOS patients had more dietary attempts to lose weight
than controls: 77.78% vs 13.51%; P < 0.001 and, the pres-
ence of weight cycling was more frequently reported in
PCOS group as well (33.33% vs 2.7%; P < 0.001,
respectively).

Table 1 Anthropometric and biochemical parameters of study population

Parameter (reference interval or
cut-off )

Controls (n = 37) PCOS patients (n = 36)

P-valueMean (SD) Range Mean (SD) Range

Age (years) 28.3 (9.2) 18–45 27.8 (7.3) 16–43 n.s.
Height (m) 1.6 (0.1) 1.5–1.75 1.6 (0.1) 1.5–1.76 n.s.
Weight (kg) 59.3 (7.7) 46–83 82.5 (13.9) 56–116 <0.0001
BMI (<29.9 kg/m2) 22.2 (2.6) [10.8] 18.4–29.8 31.5 (5.6) [88.8] 20–43.7 <0.0001

[<0.0001]
WC (<80 cm) 74.2 (8.4) [20.6] 52–93.5 98.4 (14.2)

[88.9]
78–135 <0.0001

[<0.0001]
Glucose (<100 mg/dL) 87.6 (8.7) [5.6] 74–111 89.7 (11.8) [8.3] 74–137 n.s. [n.s.]
Insulin (4.0–23.5 microun/mL) 9.4 (3.7) [0] 4.58–21 15.5 (9.6) [14.3] 2–52 0.002 [n.s.]
HOMA (<2.5) 2 (0.8) [27.8] 0.98–4 3.6 (2.6) [65.7] 0.45–11.5 0.003 [0.006]
Total cholesterol (<200 mg/dL) 180.4 (34.4) [20] 142–283 197.1 (31) [42.4] 142–272 0.04 [n.s.]
Triglycerides (<150 mg/dL) 71.0 (60.7) [6.7] 22–351 121.1 (57.6)

[20.6]
43–265 0.001 [n.s.]

HDL cholesterol (>50 mg/dL) 58.7 (11.2)
[11.1]

44–94 56.9 (15.4)
[45.5]

30–87 [n.s.] [0.009]

LDL cholesterol (<130 mg/dL) 113.4 (30.8)
[16.7]

73.2–209.4 108.9 (38.1)
[22.9]

0–186.6 n.s. [n.s.]

Data are reported as means (SDs), percentage of altered values are reported in squared brackets. Significance: p<0.05.
BMI, body mass index; HOMA, Homeostasis Model Assessment; n.s., not significant; PCOS, polycystic ovary syndrome; WC, waist
circumference.

Table 2 Energy and macronutrients intake of study population

Parameters (reference interval;
cut-off value)

Controls (n = 37) PCOS patients (n = 36)

P-valueMean (SD) Range Mean (SD) Range

BMR (kcal) 1359.2
(103.7)

1172.0–1716.0 1658.7
(201.1)

1316.0–2024.8 <0.0001

EI (kcal) 1975.5
(186.1)

1633.7–2502.6 1790.1
(365.5)

906.4–2766.0 0.007

EI/BMR (<1.3) 1.5 (0.2)
[5.4]

0.9–1.9 1.1 (0.3)
[86.1]

0.56–1.9 <0.0001
[<0.0001]

Carbohydrates (45–60%) 50.5 (8.0)
[16.2]

32.8–63.9 50.6 (9.2)
[11.1]

31.4–72.9 n.s. [n.s.]

Lipids (20–35%) 35.2 (6.5)
[51.4]

25.9–49.6 33.6 (7.2)
[38.9]

19.3–54.8 n.s. [n.s.]

Proteins (0.9 g/kg body weight) 1.3 (0.2)
[97.3]

0.8–1.8 0.8 (0.2)
[13.9]

0.4–1.6 <0.0001
[<0.0001]

Simple sugar (<15%) 27.3 (9.8)
[97.3]

14.3–55.8 21.2 (10.3)
[69.4]

5.9–54.8 0.01 [0.004]

Fibre (>25 g) 17.5 (5.2)
[86.5]

8.2–28.54 17.7 (6.5)
[86.1]

5.5–34.7 n.s. [n.s.]

Data are reported as means (SDs). Percentage of altered values, according to LARN 2014 guidelines27 are reported in squared brackets. Sig-
nificance: p<0.05.
BMR, basal metabolic rate; EI, energy intake; n.s., not significant.

Dietary underreporting polycystic ovary syndrome

© 2018 Dietitians Association of Australia 563



The logistic regression analysis, identified a significant
association of UR in PCOS patients (Odds Ratio = 27,
P = 0.002), independently from age, BMI, the presence of
weight cycling and HOMA.

Discussion

Accurate measurement of diet and EI is important when
focusing on associations between nutrients and health.32

While collecting subjective EI by using questionnaires is rel-
atively easy and inexpensive, such data tend to be misre-
ported, which provide unreliable estimates of energy
consumed.33

More direct measures of energy expenditure such as
whole-body calorimetry and the use of biomarkers as uri-
nary nitrogen excretion and doubly labelled water confirm
that misreporting is common in self-reported dietary assess-
ments, with a strong tendency towards UR32,34 regarding
both type of food items and EI.

Particularly, dietary self-recording is influenced by sub-
jects’ characteristics. The magnitude of UR increases in sub-
jects with higher BMIs, particularly women,15 which
misleads to draw the conclusion that individuals with over-
weight or obesity often consume less energy compared with
their normal-weight counterparts (differential misreport-
ing).11 Therefore, misreporting identification and analysis is
crucial to the appropriate interpretation of nutritional data.

PCOS is a heterogeneous syndrome characterised by
multiple metabolic issues, including obesity, early diabetes,
high blood pressure, dyslipidaemia and fatty liver.8,9 The
first-line therapy for PCOS patients is weight loss with a
focus on diet and regular exercise.6,35 As previously
reported,3,36 PCOS and its metabolic comorbidities may be
explained by the existence of a vicious cycle. A chronic
androgen excess of ovarian and/or adrenal origin, leads to
abdominal adiposity and android obesity in affected
women.36 Abdominal adiposity favours hypoadiponectinae-
mia, adipose tissue dysfunction, local and systemic cytokine
excess and oxidative stress, among other mechanisms of
disease.36 It also promotes further androgen excess both
directly by the ovaries and adrenals response to the inflam-
matory mediators, and indirectly by the development of
insulin resistance and compensatory hyperinsulinaemia,
because insulin facilitates androgen secretion by these
glands.36 Undeniably, our PCOS patients exhibited signifi-
cantly higher BMI and WC, when compared to controls,
with 89% of them classified as Class I obesity (BMI:
30–34.9 kg/m2). Moreover, abdominal obesity of our PCOS
patients corresponded with insulin resistance; in fact,
HOMA and insulin levels were significantly higher in PCOS
subjects than controls and 65% of women with PCOS
reported an insulin resistance. In addition, PCOS patients
also had significantly higher total cholesterol and triglycer-
ides levels than controls.

Concerning the UR phenomenon, in our sample, the sub-
jects with PCOS reported significantly higher BMR and
lower EI, than controls, which explains the high prevalence

of UR in about half of them (47.2%), according to Goldberg
index.26

Most of our PCOS patients had obesity, which may lead
per se to UR.13,15 Therefore, obesity could be considered a
confounding factor in the energy UR assessment of patients
with PCOS. Weight loss has been shown to have a positive
effect on fertility and metabolic profile35 and calorie-
restricted diet has been recommended for patients with
PCOS with excessive weight but weight maintenance is
hard to achieve and most of the subjects regain weight,
which puts them at risk for weight cycling.37 In our study,
the percentage of women with PCOS who had previously
participated in a weight loss programme was significantly
higher than in controls and there was a frequent occurrence
(30%) of weight cycling—another potential confounding
factor in the energy UR assessment. Finally, another possi-
ble confounding factor in UR assessment could be insulin
resistance condition; in fact, it has been previously
described by Georgopoulos et al.18 that women with PCOS,
particularly those with insulin resistance, presented a signif-
icantly decreased basal metabolic rate.

However, in our pilot study, a significant and remarkable
association was observed between energy UR and PCOS,
even taking into account the possible confounding effect of
BMI, the presence of weight cycling and insulin resistance.

As previously discussed, misreporting is not limited only
to EI but may also affect the macronutrient composition of
the diet. In fact, some studies highlighted that UR is charac-
terised by a tendency to report relatively low intake of high
fat and sugar-rich foods, which are perceived to be
unhealthy and energy dense.17

Analysing the percentage of EI from macronutrients by
means of a non-consecutive three-day dietary diary, we
observed no differences between the groups as far as fat
intake, while protein intake reporting was significantly
lower. Additionally, we observed discrepancies between
the macronutrient intake report and the anthropometric
and biochemical parameters evaluated in the PCOS group
that reported a significant lower intake of simple sugars
despite higher triglycerides plasma concentration and
insulin resistance. As highlighted by Rasmussen et al.,38

who characterised misreporters of EI and expenditure in
138 volunteers founding that the percentage energy from
added sugar was lower and the percentage energy from
protein was higher among under-reporters, it is important
to be aware that not all food items or nutrients are under-
reported to the same degree.

This study presented certain limitations. We cannot
determine whether individuals with PCOS systematically
under-reported or instead under-ate39 during the dietary
recording period (three non-consecutive days). We can only
observe that biochemical and anthropometric characteristics
of PCOS patients did not match with the reported dietary
EI, especially from sugars. Additionally, the reported EI from
the different macronutrients was not compared to gold stan-
dard for energy and/or macronutrient intake assessment.

Moreover, BMR was not measured by indirect calorime-
try, but it was estimated by Schofield equation.29
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Finally, it should be acknowledged that other factors
(increased adiposity or body size, dieting behaviour, eating
restraint, gender, socioeconomic status, lack of motivation
to fill out a dietary diary, social expectations and testing
environment nature) may influence EI UR and further stud-
ies should investigate their relation to UR in subjects with
PCOS.40

In conclusion, to the best of our knowledge, this is the
first pilot study to assess energy UR in PCOS. These results
demonstrate that subjects with PCOS tend to underreport
foods rich in simple sugars rather than underreport their
total dietary intake. These results may have implications for
the interpretation of diet and health correlations in this
population. Moreover, it may be an obstacle to effective
nutritional counselling which requires a multidisciplinary
approach including psychological, behavioural, sociological
and physiological skills to achieve meaningful clinical
outcomes.
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Abstract
Aim: Diabetes-related nutrition knowledge (DRNK) is essential for the self-care of patients with type 2 diabetes melli-
tus (T2DM). A specific tool measuring DRNK can help us to understand awareness levels and tailor structured nutri-
tion education programs. Our study aimed to develop a questionnaire to assess DRNK for individuals with T2DM in
Singapore.
Methods: An expert panel was formed to consolidate in-depth, culturally suitable, and current information on DRNK.
A literature review of diabetes self-care knowledge questionnaires was performed to outline the scope of the ques-
tionnaire and generate a question pool. User friendliness was tested in the first draft of the questionnaire (n = 21).
Then, a second draft was tested for item difficulty, discrimination index, and internal consistency (n = 62). The final
draft was examined for construct validity and test–retest reliability (n = 100).
Results: The final questionnaire (four sections: 27 questions) was found to be consistent and reliable. The item diffi-
culty scores of the selected questions ranged from difficult to desirable (2–85). There was fair to good internal con-
sistency (Cronbach’s alpha: 0.66, 0.79, 0.56, and 0.78 for Sections 1, 2, 3 and 4, respectively) and construct validity
(independent t-test: P < 0.001). Questions in the final questionnaire had an average discrimination index of 0.3 (rea-
sonably good). The questionnaire was revealed to have good test–retest reliability (intraclass correlation: 0.82–0.84).
Conclusions: The DRNK questionnaire is a valid and reliable measure to complement assessment tools measuring
self-efficacy/behaviour in individuals with T2DM living in Singapore.

Key words: knowledge assessment, nutrition knowledge, questionnaire, type 2 diabetes mellitus, validation.

Introduction

Ideal diabetes self-care knowledge includes adequate
understanding of disease pathophysiology, medication,
nutrition and lifestyle management. Nutritional educa-
tion is effective in improving nutrition knowledge and

practices in patients with type 2 diabetes mellitus
(T2DM), for example, by providing support for food
nutrition label use.1–4 A common goal of dietetic ther-
apy and education for patients with T2DM is to
empower them with diabetes-related nutrition knowl-
edge (DRNK) to facilitate positive dietary practices,
including portion control and adherence to alcohol
limits. To ensure that nutrition education is delivered
effectively to individuals with T2DM, it is important to
first assess the gaps in DRNK.

As nutrition information is widely available from vari-
ous sources apart from health-care providers, patients
with T2DM are commonly misinformed and hence,
engage in suboptimal dietary practices to manage their
diabetes.5,6 A DRNK-specific tool can highlight the spe-
cific gaps in nutrition-related knowledge as well as iden-
tify diet-related misconceptions among patients with
T2DM. This will, in turn, allow nutrition education, pro-
vided by dietitians or health-care providers, to be more
targeted and effective.
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There are currently three commonly used tools to assess
diabetes self-care knowledge. The first is the Diabetes
Knowledge Test (DKT) to measure the diabetes self-care
knowledge of adult patients with type 1 diabetes mellitus
(T1DM) or T2DM,7–9 validated for Malaysia and Singa-
pore.10,11 However, 19 out of 23 items within the DKT are
not related to diet and nutrition, hence precluding adequate
assessment of DRNK. The second is the Diabetes Knowledge
Assessment, which comprehensively assesses T2DM patients’
level of understanding of diabetic complications, hypergly-
caemia, hypoglycaemia, urine testing, and nutrition, but
only contains five questions related to diet and nutrition.12

Finally, the Diabetes Knowledge Questionnaire assesses self-
care knowledge ranging from complications to support
services and sick-day management but only includes one
question on nutrition.13 Given that the domain of DRNK
has considerable scope and the fact that lack of nutritional
knowledge has been ranked high among the barriers to
self-care in people with T2DM,14 these tools are inadequate
to comprehensively assess DRNK.

A few DRNK-specific tools have also been developed.
Created and validated in UK, the Audit of Diabetes Knowl-
edge performs a comprehensive assessment of diabetes
knowledge in adult T1DM and T2DM patients.15 Neverthe-
less, it may have limited applicability and may require cul-
tural and linguistic modifications before it can be used
locally. This is exemplified by some of its diet and
nutrition-related questions, in which less commonly con-
sumed food items (e.g. cheese) are included while certain
local staples (e.g. rice, chapatti) are not. The Type 1 Diabetes
Nutrition Knowledge Survey was developed specifically to
assess general diabetes knowledge and DRNK among youth
with T1DM. However, with its vast array of questions spe-
cific to insulin dose adjustment, it may not be relevant to
all patients with T2DM.16 The Nutrition and Food-Label
Knowledge Test, validated only for women with T2DM, only
assesses label reading knowledge.17 Along with the tools
measuring general diabetes self-care knowledge, these spe-
cific tools measuring DRNK are either culturally unsuitable
and/or unable to capture the scope of DRNK for T2DM
patients in Singapore.

Given the increase in T2DM prevalence and the impor-
tance of targeted nutrition education, it is essential to
develop a culturally relevant DRNK questionnaire (DRNK-
Q) that can assess both the scope and depth of DRNK. Our
study aims to develop such a questionnaire for individuals
with T2DM in Singapore.

Methods

The process of developing the DRNK-Q comprised four
stages (Figure 1): (i) Questionnaire design and construction,
(ii) Refinement of questionnaire items, (iii) Test of psycho-
metric properties and (iv) Test–retest study for construct
validity and test–retest reliability. Ethical approval for this study
was obtained from the Temasek Polytechnic Institutional
Review Board (Approval number: IRB160802). Informed con-
sent was obtained from all participants. The study was

designed based on COnsensus-based Standards for the selec-
tion of health status Measurement INstruments checklist.18

Data analyses were performed using SPSS for Windows version
21.0 (SPSS Inc., Chicago, IL, USA). The reporting of the pre-
sent study fulfils the design and conduct of self-administered
surveys of clinicians’ checklist in the EQUATOR library of
reporting guidelines.

Content validity is an important aspect in questionnaire
development. It refers to how representative the items are in
covering the subject matter, usually determined by a focus
group of subject matter experts.19–21 In the context of the pre-
sent study, the questionnaire items had to include important
aspects of DRNK and be phrased unambiguously and in terms
that could be easily understood by patients with T2DM. Thus,
an expert panel was formed to consolidate in-depth, culturally
suitable and current information on DRNK. The panel con-
sisted of three dietitians experienced in dietary counselling of
Singaporean T2DM patients, an academic experienced in dia-
betes research and a psychologist experienced in diabetes
patient counselling in the Singaporean context.

First, a literature review of diabetes self-care knowledge
questionnaires was performed to outline the scope of the
DRNK-Q. Then, each dietitian, referencing dietary guide-
lines, reviewed the questionnaire draft individually and pro-
vided written comments before a discussion involving the
expert panel was carried out.22,23 Dietitians made the final
decision on issues related to DRNK content. Issues pertain-
ing to sentence construction and scoring options were
heavily influenced by the psychologist and academic. In the
event of any disagreement, the two disagreeing parties
deliberated in the presence of an expert, who then refined
the question until a consensus was reached. All questions
were multiple choice with four answer options and one
option for ‘I don’t know’. A correct answer received 1 point
while a wrong selection or ‘I don’t know’ received 0 points.

Face validity refers to how relevant and appropriate
respondents consider questionnaire items.21,24 It can be
judged by personnel who are familiar and/or have expertise
with the target group.21 To ensure face and content validity,
as mentioned in Stage 1, the first draft of the DRNK-Q was
evaluated by the expert panel. The first draft was also evalu-
ated for user friendliness by a group of nutrition students
(n = 21) who had successfully completed a ‘nutrition in
disease’ module at tertiary level. These students were asked
to rate the phrasing of questions in terms of clarity. Space
was provided after each question for them to offer feedback.
Individual semistructured interviews were conducted in an
enclosed room for each student upon completion of the
questionnaire. They were asked open-ended questions
regarding their opinions on how suitable each of the items
was in relation to individuals with T2DM in Singapore, and
how items could be improved. Verbal feedback was audio
recorded with consent. Both written and audio feedback
were consolidated and presented to the expert panel as
materials for consideration during their discussion.

The questionnaire was further revised to include ques-
tions on demographics (age, ethnicity, educational level,
personal monthly income and number of years since T2DM
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Figure 1 Flow diagram of development and validation process of the diabetes-related nutrition knowledge questionnaire for
use in individuals with type 2 diabetes mellitus.
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diagnosis). The second draft was completed by a group of
free-living individuals with T2DM (n = 62) recruited from
Diabetes Singapore, a voluntary welfare organisation for dia-
betes patients and their families. At this stage, internal con-
sistency, item difficulty (ID) and discrimination index
(DI) were tested. Space was provided after each question
for feedback on language and user friendliness.

Internal consistency measures correlations between ques-
tionnaire items and the degree to which they test the same
topic.21,24,25 This is reflected by Cronbach’s alpha, with
0.70–0.90 as a suggested range for good internal consis-
tency. ID refers to the share of participants who answer a
question correctly. An ID of 20–80 would deem the ques-
tion useful. Questions answered correctly by >80% of the
test participants indicated that they could have been too
easy, whereas questions answered correctly by <20% sug-
gested excessive difficulty.21,26,27

DI indicates if a question can discriminate between indi-
viduals with varying levels in the topic of interest. DI
should be assessed using the correlation between a question
and the total score (excluding the question of interest). A
high DI (≥0.4) is associated with the highest level of item
discrimination: 0.30–0.39 is classified as reasonably good;
0.20–0.29 as marginal items to be improved and <0.20 as
items that can be removed.21,25,27 The results of these psy-
chometric tests were presented to the expert panel and con-
sidered during discussion.

Further revisions were made based on feedback from
Stage 3. The third draft of the DRNK-Q was completed by
100 students that comprised a group of nutrition students
(n = 50) who had successfully completed a ‘nutrition in
disease’ module at tertiary level, and a group of non-
nutrition students (n = 50) conveniently sampled through
flyers distributed in a tertiary institution. Tertiary students
were chosen as it was not possible to identify free-living
individuals with T2DM with known standards of DRNK at
that point in time. This process tests for construct validity;
the degree to which the current questionnaire measures
what it is designed to measure. This can be done using two
groups whose standards of knowledge are known to dif-
fer.21 A further analysis of items in sections was performed
if the Cronbach’s alpha was unsatisfactory. One month fol-
lowing the baseline test, a retest was conducted with the
same group of students to assess the test–retest reliability of
the DRNK-Q. Test–retest reliability, also known as external
stability, illustrates the repeatability of the measure.21,24

Results

Based on the literature review on diabetes self-care and
nutrition questionnaires at Stage 1,7–13,15–17 68 questions
were generated. After deliberation by the expert panel
(details as mentioned earlier),18,19 it was decided that the
first draft of the DRNK-Q would consist of four sections:
(1) Food portion and sizes, (2) Nutrition content of foods,
(3) Healthier food choices and safety and (4) Food label read-
ing, comprising a total of 59 questions, modified to suit the

local context; the scoring system was as mentioned in
Section 2.

A total of 21 nutrition students provided feedback on
the language and user friendliness of the questions.
Questions that participants reported as too difficult to
understand were reviewed for language difficulty. Special
attention was paid to cultural appropriateness of the
questions based on written and/or audio feedback. For
example, some participants found that certain foods
mentioned in questions may not be familiar to all three
ethnic groups. Foods such as ‘Mee Chiang Kueh’, a type
of pancake commonly consumed by Singaporean Chi-
nese, may not be commonly consumed by or known to a
person of Malay or Indian ethnicity. Changes included
editing, rephrasing, and removal and/or addition of
items. At Stage 2, a review by the expert panel led to the
second draft of the DRNK-Q with four sections (titles
unchanged) and 39 questions.

Table 1 shows the internal consistency, ID and DI of the
DRNK-Q. With reference to Table 1, Cronbach’s alpha ran-
ged from 0.56 in Section 1, ‘Food portion and sizes’ to 0.84
for all sections combined, suggesting good overall internal
consistency. Cronbach’s alpha was 0.66 and 0.56 for the
sections ‘Food portion and sizes’ and ‘Healthier food
choices and safety’, respectively; both not reaching 0.7. For
Section 1, retaining the question ‘According to My Healthy
Plate by the Health Promotion Board, which of the follow-
ing is one serving of cooked rice?’ would give it a Cron-
bach’s alpha of 0.71. However, this question was deemed
repetitive by the expert panel as it was similar to, ‘Which of
the following is one serving of brown rice and other
cereals?’ and thus not used. For Section 3, ‘Healthier food
choices and safety’, questions deemed repetitive were
removed, despite the fact that retaining them would give
the questionnaire a higher Cronbach’s alpha. For example,
the question ‘Which of the following has the highest sugar
content?’ was deemed similar to ‘Which of the following
has the lowest sugar content?’ and thus removed.

A total of 17 questions were initially removed in Stage
3 based on the results of the psychometric tests. However,
five were retained for content validity as they were deemed
important DRNK for diet management in T2DM despite
having low ID <20. Under Section 1, items 1a, 1b and
4 were slightly more difficult (ID: 11–19) than others. They
were retained owing to content validity as all three ques-
tions tested key information on recommended servings for
brown rice, wholemeal bread and dairy products. Under
Section 3, items 5 and 6 had DIs of 6.5 and 2, respectively.
They were retained for content validity in the aspect of
safety as the knowledge of alcohol recommendations, as
well as the risks of hypoglycaemia, were deemed essential
for the safety of patients, especially those receiving oral
hypoglycaemic agents and/or insulin therapy.

The average DI of the questions in the DRNK-Q was
0.30, suggesting a reasonably good DI. Further analyses
were performed as some items were <0.29. Under
Section 1, questions 1a, 1b, 1c, 2, 3 and 4 were kept for
content validity despite the low DI (0.00–0.12). Questions

C. Y. Han et al.

570 © 2019 Dietitians Association of Australia



1a to 1c assessed important DRNK for T2DM, as knowl-
edge of recommended daily servings of the food groups is
needed to guide food choices. Questions 2 and 4 were also
important as the knowledge of what constitutes one serving

of fruit and dairy, both being carbohydrate-rich food
groups, guides carbohydrate intake. Question 3 was
retained as the knowledge of how much constitutes one
serving of vegetables can guide one to meet the daily

Table 1 Internal consistency, item difficulty and discrimination index of the diabetes-related nutrition knowledge
questionnaire (DRNK-Q)

DRNK-Q sections and individual questions

Internal
consistency

Item
difficulty

Discrimination
index

Cronbach’s alpha 0–100 0–1.00

Section 1: Food portion and sizes 0.66 31 0.15
Q1a: What is the recommended number of servings per day for a person

with type 2 diabetes? (for brown rice and wholemeal bread)
15 0.06

Q1b: What is the recommended number of servings per day for a person
with type 2 diabetes? (for meat and others)

19 0.12

Q1c: What is the recommended number of servings per day for a person
with type 2 diabetes? (for vegetables)

40 0.06

Q1d: What is the recommended number of servings per day for a person
with type 2 diabetes? (for fruits)

45 0.29

Q2: Which of the following is considered one serving of fruit? 29 0.12
Q3: Which of the following is considered one serving of vegetables? 37 0.12
Q4: Which of the following is considered one serving of dairy products? 11 0.00
Q5: Which of the following is considered one serving of brown rice and

other cereals?
53 0.24

Section 2: Nutrition content of food 0.79 54 0.43
Q1a: For each category, please tick one of the boxes to show the main

source of nutrients. (brown rice/noodles/bread/pasta)
81 0.47

Q1b: For each category, please tick one of the boxes to show the main
source of nutrients (chicken/fish/red meat/pork)

85 0.41

Q1c: For each category, please tick one of the boxes to show the main
source of nutrients (butter/vegetable oil (canola, sunflower, olive)/ghee)

63 0.53

Q2: Which of the following contains the highest amount of carbohydrates? 24 0.18
Q3: Which of the following has the highest carbohydrate content? 40 0.65
Q4: Which one of the following is a non-starchy vegetable? 63 0.24
Q5: Which one of the following provides us with good fats? 53 0.59
Q6: Each carbohydrate exchange gives us 15 g of carbohydrates. What is

an example of one carbohydrate exchange?
21 0.35

Section 3: Healthier food choices and safety 0.56 29 0.23
Q1: A diabetes meal plan … (select an option to complete the sentence) 29 0.18
Q2: Which one of the following do you think is a better substitute for

sugary snacks?
63 0.35

Q3: Which of the following food groups according to the Health
Promotion Board have the most impact on your blood sugar levels?

31 0.35

Q4: Which of the following should NOT be used to treat hypoglycaemia
(low blood sugar levels)?

42 0.35

Q5: If alcohol is consumed at all, what is the recommended number of
alcoholic drinks that women and men should consume in a day?

7 0.06

Q6: Which of the following could happen if alcohol is consumed on an
empty stomach?

2 0.06

Section 4: Food label reading 0.78 59 0.50
Q1: What is the serving size of the above white bread? 73 0.24
Q2: How many servings are there in one package of the above white bread? 53 0.47
Q3: How many grams of carbohydrates are there in one serving of the

above white bread?
56 0.65

Q4: What SHOULD be the focus when purchasing food products? 55 0.65
Q5: Fruit juice labelled ‘no sugar added’ … (select an option to complete

the sentence)
58 0.47

Overall 0.84 43 0.30
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serving requirements of the Health Promotion Board.28

Under Section 2, question 2 was kept for content validity as
individuals with high DRNK should be able to identify a
high-carbohydrate food in a selection of food items.

ID scores for questions 1a, 1b and 4 from Section 1 were
16, 18 and 10, respectively, suggesting that they might be
too difficult, which could also explain the corresponding
lower DI.

T2DM patients (n = 62) provided feedback on the lan-
guage of the questions. Among the participants, 48% were
males aged 52 � 9.8. The highest level of education
included primary (63%), secondary (28%) and ≥graduate
(10%). Personal monthly income was categorised as up to
SGD3500 (55%), SGD3501-7000 (18%) and above
SGD7000 (27%). Years since diagnosis ranged between
1 and 37 years, with an interquartile range of 13, median
of 7.

All three major ethnicities in Singapore, namely Chinese,
Malay and Indian, were included in the present study.
Questions participants reported as too difficult to under-
stand were reviewed for language difficulty. Special atten-
tion was paid to cultural appropriateness based on written
feedback, similar to Stage 2. For example, it was proposed
that some food should be expressed in more colloquial
terms; describing ‘dried grapes’ as ‘raisins’ instead of ‘sul-
tanas’. Changes included editing, rephrasing, and removal
and/or addition of items. At Stage 3, the DRNK-Q was
refined further to the final version consisting of four afore-
mentioned sections (titles remained unchanged) and
27 questions; the scoring system also remained unchanged.
The participants at Stage 3 completed the final question-
naire within 10 minutes.

With reference to Table 2, the nutrition student group
scored significantly higher (P < 0.001) than the non-
nutrition student group in each individual section and in
totality; their total percentage scores were 70 � 11 and
43 � 14, respectively. This suggests good construct validity
of the DRNK-Q.19,21

The intraclass correlation between the test and retest was
0.82 (CI: 0.66–0.91) and 0.84 (CI: 0.69–0.91) for the
nutrition and non-nutrition groups, respectively. The
degree of agreement between a test and retest runs was
from 1 to −1.29 A good range of an intraclass correlation
coefficient value would be from 0.70 to 1.20,21 These results
demonstrate an acceptable degree of agreement for each of

the test groups after a one-month interval, suggesting good
reliability of the DRNK-Q.20,21,24

Discussion

The DRNK-Q is the first culturally appropriate tool to
assess DRNK in a multi-ethnic population with T2DM in
Singapore. It can be potentially validated for use in other
South-East Asian (SEA) countries with similar multi-ethnic
backgrounds or for studies involving populations of such
ethnicities, that is, Chinese, Malays and/or Indians. The
sample size used in our study to evaluate construct validity
and test–retest reliability was substantial. The time interval
between the test and retest was also deemed appropri-
ate.18,21 A good sample size was included for analysis of
internal consistency.18 The questionnaire can be completed
by T2DM patients within 10 minutes, making it an effective
tool for quick assessment of DRNK with minimal respon-
dent burden. There are plans for the DRNK-Q to be devel-
oped on an online platform for ease of use of more
technologically savvy T2DM patients and/or health-care
professionals. The DRNK-Q has also since been used to
examine the association between DRNK and diet quality in
another study (manuscript in preparation).

There were several limitations in the present study. The
focus on content validity may have influenced the psycho-
metric properties of some questions within the DRNK-Q.
As explained earlier, that resulted in a handful of question
items to fall short of the suggested statistical range—a lower
than ideal range for Cronbach’s alpha and DI. The DRNK-
Q is only available in English at the moment and is thus
limited to those literate in English. However, this shortcom-
ing is only limited by time as there are plans to translate
and validate it in other languages.

The DRNK-Q has good content validity and overall satis-
factory psychometric properties. It is an inexpensive and
efficient way for health-care practitioners to gauge the nutri-
tion knowledge essential to the diet of individuals with
T2DM. The DRNK-Q is recommended for use in conjunc-
tion with tools measuring attitude and behaviour such as
empowerment and/or those that assess stages of change in
patients with T2DM.30,31 Further research is needed to
translate the DRNK-Q and/or validate its use in other SEA
populations.

Table 2 Construct validity of the diabetes-related nutrition knowledge questionnaire

Knowledge section (no. of questions)

Nutrition students (n = 50) Non-nutrition students (n = 50)

Mean � SD

Score % Score %

1. Food portion and sizes(a) (8) 4.7 � 1.4 58 � 18 1.9 � 1.6 24 � 20
2. Nutrition content of food(a) (8) 5.3 � 1.1 67 � 14 3.9 � 1.3 49 � 17
3. Healthier food choices and safety(a) (6) 4.0 � 1.2 67 � 20 1.9 � 1.4 32 � 24
4. Food label reading(a) (5) 4.7 � 0.5 94 � 10 3.8 � 1.5 75 � 31
Overall(a) 18.7 � 2.9 70 � 11 12.4 � 4.4 43 � 14

(a) Statistical significance (P < 0.001) of individual sections and total score for the two groups.
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Abstract
Aims: This study aimed to evaluate the use of the Screening Tool for the Assessment of Malnutrition in Paediatrics
(STAMP) among children admitted in a paediatric hospital, and assess its impact on the nutritional status awareness
among the medical staff and on health outcomes at discharge.
Methods: STAMP performed by nurses on admission was compared with full nutritional assessment performed by a
dietitian. Area under the receiving operating characteristic (AUROC) curve was used to evaluate validity of the tool.
To assess how the tool affected awareness among the staff, information on nutritional status was compared prior to
and following the intervention period. Therewith, health outcomes at discharge were compared for the children who
had been screened by STAMP and the children who had not.
Results: The analysis was performed for a total of 60 children (38 boys, 63%). The mean age was 7.8 � 4.7 years.
Malnutrition was found in 16% of patients, segregating equally between acute and chronic malnutrition. Sensitivity,
specificity, positive predictive value and negative predictive value were 95.7% (95% confidence interval,
CI = 85.75–98.83%), 76.9% (95% CI = 49.74–91.82%), 93.7 and 83.3, respectively. AUROC was 0.863 (95% CI =
0.72–1). There was no difference either in malnutrition awareness among the medical staff before and after the inter-
vention period or in health outcomes at discharge.
Conclusions: STAMP is a valid tool for malnutrition screening in hospitalised children; however, its use does not
influence admitted patients’ nutritional status awareness among the medical staff nor their outcomes at discharge.

Key words: children, malnutrition, nutritional assessment, nutritional screening tool.

Introduction

Malnutrition prevalence upon admission to paediatric hos-
pitals remains considerably high, ranging from 7.3% to
17.9% in the developed world with higher prevalence rates
in infants and toddlers1 and particularly high rates for spe-
cific medical conditions.2 Several studies have reported

deterioration of nutritional status during hospitalisation.3,4

Screening children for malnutrition risk is recommended
by a number of international organisations such as the
American Society for Parenteral and Enteral Nutrition,5 the
European Society for Parenteral and Enteral Nutrition6 and
the European Society for Paediatric Gastroenterology, Hepa-
tology and Nutrition.7

An ideal screening tool must be reproducible, have good
sensitivity and specificity regarding health outcome, be
quick and easy to use and ensure cost-efficiency.8 There are
several screening tools developed for assessment of nutri-
tional status and risk in hospitalised children, however,
none of them is generally accepted for broad use.9 More-
over, there is even no single universally accepted definition
of ‘malnutrition’, and therefore it is impossible to define a
gold standard for the assessment of malnutrition risk.

There is also a vast variety of methods applied to evalu-
ate the efficacy of different screening tools. Previously,
screening tools according to different factors including
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anthropometric measures (such as the WHO cut-off refer-
ences) and results of a nutritional assessment held by a die-
titian were compared.

It is argued that screening tools must be evaluated
according to the clinical outcome because their usage is
aimed to reduce malnutrition-related health outcomes and
further healthcare-related expenses.9 Nonetheless, there is
still no agreement on the best outcome assessment tool as
there is no agreement on whether anthropometrical mea-
sures or clinical outcomes should be predicted by the
screening tools.10

STAMP was chosen for the present study because it is
highly applicable, frequently used by nurses and has shown
high reproducibility, as well as concurrent and predictive
validity. The tool was developed by McCarthy et al.11 in
England. It collects following information to assess nutri-
tional risk for a patient: discrepancy between the weight
and height percentile weight for the age, expected nutri-
tional risk caused by clinical diagnosis, recent changes in
the appetite. The assessment results are used to define if
there is a need for a referral to a full nutritional assessment.

In the present study we aimed to validate the use of
STAMP-based assessments performed by nurses on children
hospitalised in a paediatric tertiary hospital and to assess
the impact of STAMP on awareness of the patients’ nutri-
tional status among the medical staff and on further health
outcomes.

Methods

The present study was conducted at a tertiary medical cen-
tre and had been approved by the institutional review
board of Helsinki committee Rabin Medical Centre.
(Number: 0233-11-RMC). The study comprised of the fol-
lowing three phases: STAMP validation phase; assessment
of the nutritional screening influence on awareness of the
patients’ nutritional status among the medical staff and
assessment of the patients’ health outcomes at discharge.

Study population: The children eligible for the STAMP vali-
dation study were aged 1–17 years, admitted to internal
medicine and surgical medicine wards and hospitalised for
over 24 hours. The children were recruited within 24 hours
of admission to the hospital. All the patients admitted for
elective purposes were excluded. Standardised techniques for
weight and length/height measurements were used by the
nurses for STAMP and by dietitians for the full nutritional
assessment. Shekel Electronic Scales (Nitzan, Rosh Haayin
Israel) were used to measure the weight of infants; Seca 232
(Hamburg, Germany) was used to measure the length of
infants and Health O Meter (500KL) Atlanta, USA was used
to measure the height and weight of children above 2 years.
All this equipment is used by internal medicine wards in the
hospital on regular basis and had been preliminarily cali-
brated according to the standards of the medical centre. All
children were weighed and measured barefoot, dressed in
light clothing. Measurements were plotted on CDC growth
reference charts. Age and sex-specific z scores were calcu-
lated using CDC z-score data files.

It should also be mentioned that the study considered
two types of malnutrition, that is, acute malnutrition usu-
ally caused by an illness and implies 2SDs below mean
body mass index (BMI), and chronic malnutrition that may
occur in children with underlying chronic diseases defined
as 2SDs below mean height for the age.2,12

STAMP validation: after informed consent had been
acquired, children underwent STAMP screening, per-
formed by the departments’ nurses in the internal medi-
cine and surgical wards. According to the STAMP
procedure, screening assessed three factors, the child’s
diagnosis and its nutritional implications, the child’s nutri-
tional intake and their anthropometry. Each factor was
evaluated and scores summed to obtain the total risk
score. A child was classified as being at high risk, if their
total risk score was ≥4 points and were advised a suitable
care plan.

Then patients were assessed by a registered dietitian
who performed full nutritional assessment, particularly
took anthropometric measurements and plotted values
on growth charts. The dietitian also held a face-to-face
interview to obtain detailed information on current and
recent changes in the patients’ dietary intake, and studied
their medical files for the personal and clinical informa-
tion. The dietitian was blinded to results of the STAMP
screening performed by the departments’ nurses at
admission.

Upon the results of the aforementioned assessment, the
children were classified as being at high risk, medium risk
or low risk of malnutrition. The high risk of malnutrition
implied presence of one or more of the following factors:
low weight for the height percentile or low BMI for the age;
sub-optimal dietary intake observed over the recent period
and unlikely to improve in the next 3 to 5 days; clinical his-
tory or diagnosis that might result in either increased meta-
bolic stress; decreased dietary intake or increased
nutritional loss.

Impact of STAMP usage on nutritional status awareness
among medical staff: At the second step the impact of the
STAMP usage on awareness of the patients’ nutritional sta-
tus among the medical staff in internal medicine and surgi-
cal wards was assessed. For this purpose, nutrition-related
data and anthropometric measurements were extracted
from randomly selected medical files before and after the
intervention period. We reviewed records documented by a
physician and/or a nurse within the first 24 hours after the
patient’s admission in the Chameleon software application
used in the hospital. The extracted data included records
on the following: percentile drop; diagnoses of failure to
thrive (FTT); malnutrition; overweight and obesity; requests
for dietitian consultations; records such as ‘below the 5th
percentile’ and ‘above 85 and 95 percentiles of the weight
for the age and height for the age’; reference to and records
of the laboratory indices such as haemoglobin, transferrin,
total lymphocyte count and albumin.

Impact of STAMP usage on health outcomes at discharge:
The third part of the study compared health outcomes at
discharge for the children from internal medicine
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department who had and who had not been screened using
STAMP. The data used for this comparison included length
of stay (LOS), recurrent hospitalisation, weight changes
during hospitalisation, and changes in haemoglobin and
albumin levels. Controls were matched by age, gender, and
STAMP risk score was calculated based on the retrieved
information from medical files.

The sample size of 60 patients was calculated based on
the minimal sensitivity proportion. Assumed and expected
sensitivity values were defined based on a previously con-
ducted research.11 Because patients being at the both
medium and high risk levels require additional attendance
and intervention, medium and high risk categories were
combined to calculate the STAMP diagnostic value.

For the purposes of the STAMP validation, we performed
receiving operating characteristic (ROC) analysis and calcu-
lated the area under the ROC curve (AUROC)—a graph of
the relationship between the true positive rate (sensitivity)
and the false-positive rate (1-specificity).

To examine whether STAMP diagnostic scores could be
explained by anthropometry alone, Spearman correlations
for non-parametric variables were calculated and evaluated
statistical dependence between the STAMP scores and the
anthropometry.

To assess how the use of STAMP influenced the fre-
quency of nutritional-related data collection, we compared
the change in documented variables before and after the
intervention period by using Pearson χ2 test for categorical
data. A minimal sample size of 182 patient files was
required at each period of time.13,14

In the third part of the study, logistic regression was per-
formed to assess the impact of the screening on outcomes
at discharge. Adjustment for potential confounders included
the age, sex and stamp scores. The sample size of 58 chil-
dren in each group was calculated. β was set at 0.2 and α at
0.05 for all the calculations.

Data management and statistical analyses were carried
out by using IBM SPSS statistics version 22 (Armonk, NY:
IBM Corp), and sample size calculations were performed by
using WinPepi.

Results

STAMP validation: The final analysis included 60 children
(30 from each department) who were assessed by using
both the STAMP screening procedure and the full nutri-
tional assessment. Mean age was 7.2 � 4.8 years with a
median of 7 years and interquartile range (IQR = 2.25–11);
the study population consisted of 37 boys (61.7%) and
23 girls (38.3%). Weight and height measurements were
available for all the participants. According to the STAMP
assessment 12 (20%) children were at low risk of malnutri-
tion, 21 (35%) and 27 (45%) children were at the medium
and high risk, respectively. The other values were as fol-
lows: sensitivity = 95.7% (95% CI = 85.75–98.83%); speci-
ficity = 76.9% (95% CI = 49.74–91.82%); positive
predictive value = 93.7 and negative predictive value =
83.3 (Table 1). The AUROC was 0.863, which implies good

conformity between STAMP and the dietitian assessment
(Figure 1).

Prevalence of malnutrition: The overall prevalence of mal-
nutrition (acute and chronic malnutrition combined) was
16% (n = 10). These divided equally between acute and
chronic malnutrition.

Impact of STAMP usage on nutritional status awareness
among medical staff: Awareness of the children’s nutritional
status among the medical staff was assessed retrospectively.
Medical files of 364 hospitalised patients from surgical and
internal medicine wards (aged 1–16.9 years with a median
of 7 years and IQR = 2.8–12.4) were reviewed, out of
which 182 admission files were before and 182 after the
intervention period. The study shows that there was an
increase in some records related to nutritional status after
the intervention period, however, it was not statistically sig-
nificant (Pearson χ2 test ˃0.05; Figure 2, 3).

Impact of STAMP use on health outcomes at discharge:
Health outcomes were evaluated only for the patients of
the internal medicine ward. According to the evaluation
results, LOS (n = 60) equals to 5 days with IQR =
3–8.75 and the values do not differ between children
assessed and not assessed by using STAMP (Mann–
Whitney test, P = 0.88). There was no difference found
in the number of dietitian interventions (χ2 test, P = 0.6), or
the difference observed in patient readmission (χ2 test,
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Figure 1 Area under the receiving operating characteristic
(ROC) curve equal to 0.863. An area of 1 represents a per-
fect test; an area of 0.5 represents a worthless test. In an
ROC curve, the true positive rate (sensitivity) is plotted in
function of the false positive rate (100-specificity) for differ-
ent cut-off points. Each point on the ROC curve represents
a sensitivity/specificity pair corresponding to a particular
decision threshold.
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P = 0.33), haemoglobin levels (P = 0.59), albumin levels
(P = 0.87) and weight decline (P = 0.11) during
hospitalisation.

Discussion

Nutritional screening is aimed to detect patients at risk of
malnutrition to intervene and thus prevent nutritional dete-
rioration. The study shows that STAMP performed by the
nursing staff at admission is well correlated with a full
nutritional assessment performed by a registered dietitian

and, therefore, can be used as a malnutrition screening tool.
However, the study has shown that the STAMP usage has
no impact on awareness among the medical staff and
amount or quality of attention paid to the patients’ nutri-
tional status; neither has it affected the clinical outcomes,
but because these parameters were assessed retrospectively,
the strength of this data is low.

Several studies have reported the deterioration of nutri-
tional status during hospitalisation. In these studies, weight
loss >2% or >5% was reported in up to 65% and 25% of
hospitalised children, respectively.4,5,15
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Figure 2 Prevalence of nutrition-related data on admission to the internal medicine ward before and after the intervention
period. ( ) Before intervention, %; ( ) after intervention, %.
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Figure 3 Prevalence of nutrition-related data on admission to the surgical ward before and after the intervention period.
( ) Before intervention, %; ( ) after intervention, %.
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Following the recommendations of several worldwide
organisations, some countries now require mandatory nutri-
tional screening of children upon their hospital admission.16

In Israel, nutritional screening is not perceived as mandatory,
presumably because of the lack of screening tools tested and
validated for the local population. Therefore, the present
study aimed to evaluate the STAMP in the Israeli population.

This study proves that STAMP is a valid screening tool
for identification of malnutrition risk in hospitalised chil-
dren with high AUROC, and that STAMP has high sensitiv-
ity and positive predictive values, which means that it is
highly probable that a child identified as being at nutri-
tional risk with STAMP will be such indeed, and good spec-
ificity and high negative predictive value reduce the risk of
over diagnosing children as being at nutritional risk. This
study shows better sensitivity but lower specificity rates
than those documented in previous studies and validation
study by McCarthy et al.11

There is limited research on the awareness of malnutrition
among the medical staff, and we aimed to evaluate the
impact of STAMP usage thereon. Our study shows that
STAMP usage results in the increase of some nutritional sta-
tus related records, but the increase is not significant for any,
including records on weight, BMI and appetite in the internal
medicine department and on malnutrition, overweight, appe-
tite, stools and vomiting in the Surgical Department. How-
ever, it should be noted that most of the information
recorded in the medical files used during the study had been
documented by doctors, although STAMP is intended for the
usage by nurses. This way the study shows that usage of the
screening tool alone is insufficient to raise awareness among
the medical staff and further steps should be taken to pro-
mote exposure of medical teams to nutritional status.

Our study finds no difference in health-related outcomes
between intervention and control groups before and after the
intervention period. The outcomes evaluated included the

number of dietitian’s interventions, readmission, haemoglobin
levels, albumin levels, weight change at the end of hospitalisa-
tion and LOS. These outcomes were chosen because they are
easy to measure and reflect nutritional status.1

Some previous studies show that paediatric malnutrition
is associated with higher infection rates, increased risk of
complications, poor wound healing, extended LOS, higher
rate of in-hospital mortality, and reduced quality of life.17 A
large prospective study that was conducted in 12 countries
of Europe shows that malnourished children have a longer
LOS.1 However, the use of LOS as an outcome of the nutri-
tional intervention raises some concerns. Firstly, LOS, as
well as other clinical outcomes, is subjected to many con-
founders and can be influenced by the medical staff policy
or even by the workload and availability of the medical staff
to discharge a patient. Moreover, adverse impacts of malnu-
trition and the influence of an underlying disease on nutri-
tional status interact and both affect LOS. When LOS as an
outcome measure was controlled for confounders in the
Paediatric Digital Scaled MAlnutrition Risk Screening Tool
(PeDiSMART) validation study,18 it was found not to be
significantly associated with nutritional risks.

The limitation of the present study is its small sample
size. As height is usually not measured in the Surgical
Department, we could not calculate STAMP scores for con-
trols to evaluate health outcomes at discharge, which
resulted in a smaller sample that only included 60 subjects
from internal medicine department. Also, it may be consid-
ered a limitation that the data for evaluation of the aware-
ness among medical staff and assessment of the outcomes
were retrospectively collected from the patients’ files.

In conclusion, the study shows that STAMP is a valid
tool for malnutrition screening in hospitalised children. At
the same time, the study shows that there is no significant
impact neither on the awareness of admitted patients’ nutri-
tional status among the medical staff nor on the patients’
health-related outcomes at discharge. There is a need for
further prospective large-scale studies to find ways to
increase awareness of nutritional status in children among
medical staff and improve understanding of its importance.
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Table 1 Cross classification of malnutrition risk on STAMP
(n = 60) tools compared with full RD assessment, sensitiv-
ity, specificity, AUROC, PPV and NPV

Risk category Low Medium and high Total

Screening by RD
Low 10 2 12
Medium and high 3 45 48
Total 13 47 60

Sensitivity 95.7% (95% CI = 85.75–98.83%)
Specificity 76.9% (95% CI = 49.74–91.82%)
AUROC 0.863 (95% CI = 0.72–1)
PPV 93.7
NPV 83.3

AUROC, area under the receiving operating characteristic curve;
CI, confidence interval; NPV, negative predictive value; PPV, posi-
tive predictive value; RD, registered dietitian; STAMP, Screening
Tool for the Assessment of Malnutrition in Paediatrics.
[Correction added on 03 May 2019, after first online publication:
In table 1 (1st column, row 6), ‘Sensitivity’ has been changed to
‘Specificity’.]
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Abstract
Aim: There is limited evidence regarding the association between the Elderly Die-

tary Index (EDI) and cardiovascular disease (CVD) risk factors. The aim of the

study was to examine how the EDI relates to CVD risk factors in elderly men.

Methods: In this cross-sectional study, we recruited 362 elderly men aged 60 to

80 years old. Diet was measured with a validated and reliable food frequency ques-

tionnaire. The EDI assesses adherence to nutritional recommendations for older

adults based on the Modified MyPyramid for Older Adults. The EDI includes meat,

fish, fruits, vegetables, cereals, legumes, olive oil, bread and dairy products.

Anthropometric indices, biochemical markers and blood pressure were measured

using standard methods. Multivariate logistic regression assessed relationships

between tertiles of EDI scores and CVD risk factors.

Results: The mean age and body mass index of participants were 65.43

± 5.63 years and 25.34 ± 3.17 kg/m2, respectively. After controlling for potential

confounders, the EDI was inversely associated with the risk of obesity and over-

weight (Odds ratio [OR]: 0.49, 95% confidence interval [CI]: 0.27, 0.89; P = .004)

and was associated with a reduced likelihood of elevated low-density lipoprotein

cholesterol (LDL-C) concentrations (OR: 0.19, 95% CI: 0.09, 0.41; P < .001).

Conclusions: Higher EDI was associated with lower risk of overweight and obe-

sity and high LDL-C concentrations. However, there was no significant association

between EDI and other CVD risk factors in elderly men.

KEYWORD S

cardiovascular risk factors, EDI, men

1 | INTRODUCTION

The proportion of elderly people is increasing worldwide.1

Longer lifespans are associated with higher rates of

inflammation that can impact the occurrence of metabolic
syndrome, insulin resistance and cardiovascular disease
(CVD).2 In fact, 33.7% of all global deaths are attributable
to CVD.3 CVD is also the primary cause of death in Iran.4
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Hypertension (HTN), diabetes, obesity and hyper-
cholesterolaemia are the most prominent risk factors for
CVD.5 Modifiable risk factors include tobacco use, low
physical activity and unhealthy dietary patterns.6

Dietary indices can help measure associations between
diet and illness.7 Some prior studies have reported inverse
associations between dietary factors in relation to CVD risk
factors such as oxidative stress and serum levels of inflam-
matory markers.8-10 However, diet quality indices examine
both foods and nutrients, and they require a nutrient database
for analysis, which may be associated with higher biases.
The Elderly Dietary Index (EDI) is a modified version of the
Mediterranean Dietary Score (MDS) that examines adher-
ence to dietary recommendations for the elderly.11While the
MDS uses median cut-off values that might not be suitable
for populations with low adherence to the Mediterranean
diet, it uses a 4-point score, capturing a wider intake range.
It also takes into account u-shaped associations between
some foods and disease risk.11-13

This score captures the frequency of consumption of nine
specific foods and food groups, including meat, fish, fruits,
vegetables, cereals, legumes, olive oil, bread and dairy prod-
ucts. These foods contribute significantly to enable older
adults to meet the recommended dietary allowances and ade-
quate intake values for calcium; vitamins D, E and K; potas-
sium; protein; and fibre. Fish, meat and legumes are
important sources of protein. Vegetables and fruits are good
sources of vitamins A, C and K and potassium. Moreover,
low-fat dairy consumption is recommended for older adults
to meet their calcium requirements and minimise saturated
fat intake.11

Kourlaba et al11 found the EDI to be a valid tool for
assessing dietary intake in the elderly. They showed that
higher EDI was associated with lower CVD risk factors,
including obesity and HTN. Diet quality indices that are
based on specific foods or food groups, including the EDI,
are better predictors than recommended nutrient intake indi-
ces (such as the Healthy Diet Indicator) in predicting chronic
heart disease (CHD) events, CVD and all-cause mortality in
the elderly.12

Given the high CVD prevalence among older people, it
is important to identify risk factors that can be used to
inform strategies to reduce the burden of such preventable
chronic diseases. The EDI has not previously been used in
the Iranian population. Therefore, we investigated the EDI
in relation to CVD risk factors among elderly men.

2 | METHODS

Participants and sampling: Participants in this cross-
sectional study included 362 elderly men in Tehran, Iran. In
2017, men aged 60 to 80 years who were referred to health

centres affiliated with Tehran University of Medical Sci-
ences (TUMS) were included. As the main dependent vari-
able, high-sensitivity C-reactive protein (hs-CRP) was used
to calculate the sample size.14 Multistage sampling was per-
formed, and centres affiliated with TUMS were randomly
selected. Men who were referred to these centres, for any
reason, could be included in the present study.

Men who were on a specific diet or suffered from malig-
nant diseases (including cancer) or those whose daily energy
intakes were not between 800 and 4200 kcal/d were
excluded. All participants provided written informed con-
sent. We followed the guidelines of the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) statement for cross-sectional studies. The proto-
col of the study was approved by the National Institute for
Medical Research Development (NIMAD) (No. 958733).

Dietary assessment: Dietary intake was assessed using a
valid and reliable 168-item, semi-quantitative, food fre-
quency questionnaire (FFQ).15 All FFQs were completed
through face-to-face interviews by a trained nutritionist. We
converted food portion sizes to grams based on household
measures. Mean energy and nutrient intakes from the FFQs
were calculated using a modified version of NUTRITION-
IST IV software for Iranian foods (version 7.0; N-Squared
Computing, Salem, Oregon).

EDI calculation: The EDI consists of eight components
extracted from foods in the Modified MyPyramid for Older
Adults16: meat, cereals, fruits, vegetables, legumes, fish,
dairy products and bread. Furthermore, olive oil was a com-
ponent of the EDI.

We used a scoring system that was slightly modified
from Kourlaba et al.11 Based on Willett,17 food quantity
(g/d) is a more precise measure than serving size. Therefore,
our score was based on food quantity (g/d), not servings per
day. Because of religious restrictions, alcohol consumption
is infrequent or is probably underreported in the Iranian pop-
ulation. Alcohol was included as an additional component of
the EDI for sensitivity analyses. Each component of the EDI
can be assigned up to 4 points based on consumption (in g),
resulting in a total score ranging from 9 to 36 (Supplemen-
tary Table 1). Higher scores on the EDI represent greater
adherence to a healthy diet. Participants were classified into
three tertiles of the EDI.

Biochemical assessment: After 12 hours of fasting, we
performed biochemical tests. We measured fasting blood
sugar (FBS) only on the day of blood sampling. The
remaining serum was maintained at −80 C until the analysis
was performed. Serum levels of FBS, total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C) and triglyceride (TG) were
quantified using commercial enzymatic reagents (Pars
Azmoon, Tehran, Iran) adapted to an auto-analyser system
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(Selectra E, Vitalab, Holliston, the Netherlands). Insulin
concentrations were assessed using the enzyme-linked
immunosorbent assay method (ELISA; Diagnostic Biochem
Canada, Inc., Montreal, Canada). Insulin resistance was
assessed using the homeostasis model assessment-insulin
resistance (HOMA-IR) formula.18 The quantitative insulin
sensitivity check index (QUICKI) was used to calculate
insulin sensitivity.19

An ultrasensitive, latex-enhanced immunoturbidimetric
assay (Randox Laboratory Ltd., Belfast, UK) was used to
measure hs-CRP. To determine fibrinogen plasma concen-
tration, we used the Clauss method that measures the rate of
fibrinogen conversion to fibrin by adding thrombin.
Enzyme-linked immunosorbent assay kits (Boster Bio-
logical Technology Co, Hubei, China) were used to deter-
mine the plasma concentration of interleukin-6 (IL-6) and
tumour necrosis factor-alpha (TNF-α). Serum concentrations
of alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were measured using commercial kits (Pars
Azmoon, Iran) with a BT-3000 (Biotechinica; China) auto-
analyser.

Anthropometric assessment: Body weight was measured
using calibrated digital scales to the nearest 100 g. Partici-
pants did not wear shoes and wore minimal clothing. Height
was also measured to the nearest 0.5 cm with shoes removed
and with shoulders in a normal position. For waist circum-
ference (WC), the narrowest and maximum hip circumfer-
ence (precision: 0.5 cm for both) were measured. A trained
nutritionist assessed WC and height with a non-stretchable
tape. Body mass index (BMI) was calculated as kg/m2.

Assessment of other variables: Blood pressure was mea-
sured after 10 minutes of rest. Blood pressure was measured
twice using a standard mercury sphygmomanometer. Final
blood pressure was obtained using the average of the two
measurements. Socioeconomic status (SES) was assessed
using a validated and reliable questionnaire (consisting of
questions about income, education, occupation, household
size, house or car ownership, having modern furniture, num-
ber of trips inside or outside the country during the last
year).20 A total standardised score for all participants was
computed (using factor analysis and a summary index); then,
its compliance with a normal summary index was also exam-
ined using a Kappa test. In the current study, participant
SES was described for each tertile of EDI based on the cal-
culated total scores. A higher score represents better SES.

Statistical analysis: The distributions of the variables
were checked for normality using the Kolmogorov-Smirnov
test and histogram curves. Variables with normal and non-
normal distributions were presented as means ± SD and
medians (25th percentile, 75th percentile), respectively.
General characteristics across tertiles of EDI were expressed
as means ± SDs for continuous variables and numbers and

percentages for categorical variables. Dietary intakes across
tertiles of EDI were compared using analysis of covariance,
and all values were adjusted for age, energy intake and SES.
Both crude and adjusted models (age, energy intake, BMI,
SES) were reported in order to examine associations
between anthropometric indices, blood pressure and bio-
chemical parameters across EDI tertiles. For comparisons
between tertiles, we conducted post hoc tests. A chi-square
test was used to compare categorical variables across tertiles
of EDI.

To examine the association between EDI and car-
diometabolic risk factors, we used crude and adjusted binary
logistic regression models. In Model 1, we controlled for
age, energy intake, BMI and SES. The cut-off points for
high risk of CVD were based on the diagnostic criteria pro-
posed by the National Cholesterol Education Program Adult
Treatment Panel III (ATP III)21: overweight and obesity
(BMI ≥ 25 kg/m2), high TG (>150 mg/dL), FBS
(>100 mg/dL) and LDL-C (>130 mg/dL). All statistical
analyses were performed using SPSS software (version
18, SPSS Inc., Chicago, Illinois). P < .05 was considered
statistically significant.

3 | RESULTS

We included 362 elderly men with a mean age of 65.43
± 5.63 years in our analyses. General characteristics of the
study participants across tertiles of EDI are shown in Sup-
plementary Table 2. Individuals in the highest tertile of EDI
were more likely to have lower BMI (P = .008), higher edu-
cation and higher SES (P < .001) compared with those in
the lowest tertile. No significant differences were found for
other general participant characteristics.

We compared dietary intakes across tertiles of EDI
(Table 1, Supplementary Table 3). After adjustment for age,
energy intake and SES, EDI was associated with a higher
consumption of carbohydrates, saturated fatty acid, polyun-
saturated fatty acid, mono-unsaturated fatty acid, cholesterol,
folate, vitamin B1, vitamin B6, vitamin A, vitamin C, potas-
sium and magnesium (P < .05). Participants in the highest
EDI tertile consumed significantly more fruits, vegetables,
legumes, fish, olive oil, bread, cereal and dairy products and
less meat compared with those in the lowest tertile
(P < .05). There were no significant differences across EDI
tertiles for protein, fat, vitamin B12, calcium and
zinc (P > .05).

Crude and adjusted models for anthropometric indices,
biochemical markers and blood pressure across tertiles of
EDI are summarised in Table 2. Elderly men with higher
EDI had lower weight, BMI, WC, serum insulin, HOMA-
IR, fibrinogen, ALT, AST and DBP (P < .05). However,
they experienced higher FBS, LDL-C, HDL-C, TC
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TABLE 1 Dietary intakes across tertiles of the EDI

Variable

EDI tertile

P-
valuea P1,2 P1,3 P2,3

T1, ≤21
(n = 124)

T2, 21 to <26.5
(n = 102)

T3, ≥26.5
(n = 136)

Nutrients

Protein (g/d) 55.30 (48.22, 94.54)b 78.78 (66.75, 108.10) 84.36 (67.63, 116.25) .35 .33 .66 .15

Carbohydrate
(g/d)

331.4 ± 79.36c 337.5 ± 84.42 346.3 ± 76.73 .04 .32 .01 .15

Fat (g/d) 48.41 (37.44, 62.73) 56.47 (48.64, 86.83) 62.93 (49.18, 74.89) .43 .20 .37 .69

SFA (g/d) 11.55 (10.42, 19.07) 14.67 (11.66, 23.53) 15.52 (13.00, 19.45) <.001 .32 <.001 .005

PUFA (g/d) 12.77 ± 6.56 12.16 ± 6.94 13.49 ± 6.37 .03 .24 .15 .01

MUFA (g/d) 12.45 (8.62, 18.54) 19.74 (15.41, 26.77) 16.27 (13.87, 21.71) .001 <.001 .05 .05

Cholesterol
(mg/d)

120.32 (96.60, 212.52) 168.52 (117.37, 254.08) 146.45 (113.10, 245.87) .01 .05 .41 .006

Folic acid (μg/d) 335.1 ± 153.85 404.6 ± 163.22 457.5 ± 148.72 <.001 <.001 <.001 <.001

Vitamin A
(RAE/d)

788.60 (641.30,
1150.4)

1286.7 (947.45, 1771.9) 1601.4 (1400.8, 1936.2) <.001 <.001 <.001 .76

Vitamin B1
(mg/d)

1.13 (0.86, 1.39) 1.62 (1.08, 1.93) 1.65 (1.33, 2.09) <.001 .21 <.001 .003

Vitamin B6
(mg/d)

1.27 (0.93, 1.75) 1.99 (1.38, 2.41) 2.20 (1.79, 2.41) <.001 <.001 <.001 .010

Vitamin B12
(μg/d)

2.41 (1.36, 4.01) 3.60 (2.30, 21.92) 3.08 (2.49, 23.49) .70 .41 .84 .53

Vitamin C
(mg/d)

147.50 (93.77, 183.99) 213.68 (154.67, 311.74) 277.67 (232.28, 325.81) <.001 <.001 <.001 .06

Calcium (mg/d) 983.07 (683.75,
1981.5)

1135.5 (966.50, 2113.8) 1202.3 (1094.3, 1943.4) .06 .28 .01 .21

Magnesium
(mg/d)

222.69 (187.61,
311.94)

326.18 (224.42, 370.35) 336.77 (297.66, 444.38) <.001 .06 <.001 .001

Potassium
(mg/d)

2669.25 (2230.5,
4101.27)

3939.05 (2769.25,
5002.32)

4134.05 (3816.30,
5506.23)

.02 .06 .009 .44

Zinc (mg/d) 6.60 (4.23, 10.61) 7.68 (6.24, 12.14) 8.57 (7.60, 11.24) .11 .46 .19 .04

Foods

Fruit (g/d) 277.65 (179.62,
353.62)

419.48 (254.39, 486.48) 499.23 (412.87, 571.20) <.001 <.001 <.001 <.001

Vegetable (g/d) 254.87 (172.13,
385.42)

350.18 (242.25, 468.34) 480.71 (376.19, 547.28) <.001 .001 <.001 .01

Cereal (g/d) 274.26 (187.72,
313.25)

311.67 (274.32, 323.85) 317.32 (278.27, 450.49) .002 .90 .002 .004

Meat (g/d) 18.21 (12.75, 23.99) 23.86 (14.26, 48.65) 14.92 (8.80, 38.92) <.001 .08 .002 <.001

Fish (g/d) 16.43 (4.10, 16.43) 16.43 (16.43, 32.87) 16.43 (16.43, 32.87) <.001 <.001 <.001 .14

Dairy (g/d) 382.96 (227.13,
770.00)

620.44 (389.44, 906.13) 434.10 (358.11, 751.39) .002 .10 <.001 .06

Low fat 260.0 (40.50, 615.5) 267.56 (176.59, 524.02) 354.93 (250.12, 650.0) .008 .002 .06 .21

High fat 79.99 (34.99, 265.25) 262.37 (55.37, 379.57) 71.81 (30.39, 128.03) <.001 .04 <.001 <.001

Legumes (g/d) 8.25 (5.52, 11.41) 12.68 (9.50, 14.56) 14.56 (12.52, 30.44) <.001 <.001 <.001 .003

Bread (g/d) 45.77 (29.05, 67.10) 48.56 (36.46, 94.56) 62.50 (45.70, 78.28) .032 .67 .04 .01

Refined 45.77 (24.86, 62.86) 47.74 (31.96, 76.02) 57.34 (43.99, 72.53) .31 .46 .49 .13

(Continues)
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concentrations and QUICKI than those with lower EDI
scores (P < .05).

There were no significant differences in serum levels of
TG, IL-6, TNF-α, hs-CRP and SBP across EDI tertiles
(P > .05). They remained non-significant after adjustment
for age, BMI, energy intake and SES.

Multivariable-adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs) of CVD risk across tertiles of EDI are
provided in Table 3. Compared with participants with the
lowest EDI, those within the highest tertile did not have
higher levels of FBS (OR: 0.65, 95% CI: 0.35, 1.20;
P = .16) and TG (OR: 0.69, 95% CI: 0.26, 1.80; P = .45),
whereas the higher tertile scores were associated with the
lowest serum levels of LDL-C (OR: 0.19, 95% CI: 0.09,
0.41; P < .001) and obesity and overweight (OR: 0.49, 95%
CI: 0.27, 0.89; P = .004).

4 | DISCUSSION

Our study suggests that elderly men with higher EDI scores
are at a lower risk of overweight and obesity and are less
likely to have high LDL-C serum levels compared with men
with lower EDI scores. However, higher EDI scores were
not associated with other CVD risk factors in elderly men.
The EDI has previously not been used to examine diet qual-
ity in elderly individuals in Iran or other Asian countries.
The current study is the first to provide information regard-
ing the association between this score and inflammatory
markers, liver enzymes and insulin resistance.

A variety of indices has been developed to assess adher-
ence to the Mediterranean diet. These vary in their compo-
nents, the weight given to each component and the scoring
system used.22 According to Hoffman and Gerber,23 the
nutritional benefits or disadvantages that different
populations receive from components of the Mediterranean
diet may vary and cannot be assessed simply based on abso-
lute levels of consumption. The intake of fish and olive oil
in the Iranian population is lower than in Mediterranean
countries.24 Cereals as a beneficial food item in the

Mediterranean diet include both refined and whole cereals.
However, in Iran, white rice and refined cereals constitute
the majority of daily cereal consumption.24 The most exten-
sive epidemiological evidence supporting the beneficial
effects of the Mediterranean diet comes from Mediterranean
countries.25 The MDS uses median cut-off values that might
not be suitable for countries with low adherence to the Medi-
terranean diet, such as Iran. The EDI is the only dietary
index that has been developed to examine adherence to
nutritional recommendations, specifically among the elderly.
It examines foods and food groups, and it does not rely on a
nutrient database for the analysis, which may lead to a lower
chance of bias. EDI components are similar to those in the
MDS. In contrast to the MDS, the EDI uses a 4-point scor-
ing range. The EDI provides a wider range of intake than the
median cut-off value. It also takes into account u-shaped
relationships between some foods, for example, meat, and
disease risk.11-13

Only two studies have examined the association between
the EDI and risk of chronic disease.11,12 The study by
Kourlaba et al11 recommended the EDI as a validated tool to
assess diet quality in relation to cardio-metabolic risk factors
in older Greek subjects. Kourbala et al also showed that the
sensitivity of the EDI was: 59% for obesity, 71% for HTN
and 68% for having at least one CVD risk factor. The
corresponding specificities were 51%, 45% and 49% for obe-
sity, HTN and having at least one CVD risk factor, respec-
tively. Therefore, EDI showed high sensitivity in that
population.

As in our study, Kourbala et al found an inverse associa-
tion between EDI and obesity. However, they found no rela-
tionship between EDI and the prevalence of diabetes. They
also reported an inverse association between the EDI and
HTN.11 In our study, DBPs were all less than 90 mm Hg,
preventing us from examining HTN. In addition, in our
study, higher SBP was not associated with adherence to the
EDI. We found that elderly men in the top tertile consumed
more refined grains than those in the bottom tertile. Most
research has suggested an increased risk of developing

TABLE 1 (Continued)

Variable

EDI tertile

P-
valuea P1,2 P1,3 P2,3

T1, ≤21
(n = 124)

T2, 21 to <26.5
(n = 102)

T3, ≥26.5
(n = 136)

Whole 0 (0, 1.51) 1.51 (0, 3.02) 1.56 (1.51, 3.02) .07 .003 .009 .78

Olive oil (g/d) 1.63 (0.001, 2.36) 6.00 (1.64, 12.23) 4.07 (1.64, 9.28) <.001 <.001 <.001 .002

Abbreviations: EDI, elderly dietary index; MUFA, mono-unsaturated fatty acid; PUFA, poly-unsaturated fatty acid; RAE, retinol activity equivalents; SFA, saturated
fatty acid.
aAnalysis of covariance (adjusted for age, energy intake and socioeconomic status).
bMedian (25th percentile, 75th percentile).
cMean ± SD.
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TABLE 2 Anthropometric indices, biochemical markers and blood pressure across tertiles of the EDI

Variables

EDI tertiles

P-value P1,2 P1,3 P2,3T1, ≤21 (n = 124) T2, 21 to <26.5 (n = 102) T3, ≥26.5 (n = 136)

Weight (kg)

Crude model 75.65 ± 10.55 70.76 ± 9.72 69.95 ± 9.40 <.001a <.001 <.001 .53

Model 1 75.63 ± 9.56 69.83 ± 10.66 71.58 ± 9.54 <.001b <.001 .006 .25

BMI (kg/m2)

Crude model 26.04 ± 3.59 24.85 ± 2.82 25.06 ± 2.92 .008 .005 .01 .61

Model 1 26.21 ± 3.51 24.50 ± 3.12 25.45 ± 2.66 <.001 <.001 .04 .04

WC (cm)

Crude model 98.40 ± 7.91 95.81 ± 6.29 94.03 ± 10.05 <.001 .02 <.001 .10

Model 1 98.44 ± 7.41 95.90 ± 6.61 93.80 ± 10.41 .001 .01 <.001 .13

FBS (mg/dL)

Crude model 101.21 ± 20.56 99.35 ± 17.62 107.49 ± 22.24 .005 .49 .01 .003

Model 1 101.21 ± 17.90 104.78 ± 25.08 104.26 ± 17.91 .001 .02 <.001 .07

HDL-C (mg/dL)

Crude model 47.02 ± 8.72 50.72 ± 7.66 50.98 ± 9.19 <.001 .001 <.001 .81

Model 1 47.71 ± 7.44 52.11 ± 9.17 50.45 ± 6.31 <.001 <.001 .50 <.001

LDL-C (mg/dL)

Crude model 88.74 ± 18.60 96.29 ± 23.33 100.56 ± 19.54 <.001 .005 <.001 .10

Model 1 89.18 ± 18.67 96.72 ± 23.43 100.77 ± 19.57 .001 .004 <.001 .27

Total cholesterol (mg/dL)

Crude model 171.81 ± 25.68 175.57 ± 31.37 182.38 ± 18.44 .003 .26 .001 .03

Model 1 172.05 ± 25.57 178.73 ± 25.12 180.73 ± 25.14 .005 .001 .026 .41

TG (mg/dL)

Crude model 135.59 ± 36.36 124.64 ± 30.73 130.38 ± 43.02 .09 .03 .26 .24

Model 1 131.97 ± 34.48 126.33 ± 30.59 133.10 ± 46.08 .49 .32 .98 .30

Serum insulin (uIU/mL)

Crude model 10.80 (6.60, 19.90) 6.80 (4.70, 11.10) 6.50 (4.00, 14.60) .001 .001 .86 <.001

Model 1 10.80 (6.60, 19.90) 6.80 (4.70, 11.10) 6.50 (4.00, 14.60) <.001 <.001 .80 <.001

HOMA-IR

Crude model 2.65 (1.36, 5.70) 1.80 (1.27, 3.12) 2.00 (0.80, 4.23) <.001 .002 .45 <.001

Model 1 2.65 (1.36, 5.70) 1.80 (1.27, 3.12) 2.00 (0.80, 4.23) .003 .01 .64 .002

QUICKI

Crude model 0.32 (0.29, 0.36) 0.34 (0.32, 0.36) 0.34 (0.30, 0.39) .001 <.001 .01 .18

Model 1 0.32 (0.29, 0.36) 0.34 (0.32, 0.36) 0.34 (0.30, 0.39) .002 <.001 .07 .09

Fibrinogen (mg/dL)

Crude model 285.96 ± 59.97 277.20 ± 43.19 261.86 ± 30.69 <.001 .15 <.001 .011

Model 1 289.25 ± 61.07 270.27 ± 40.74 263.14 ± 34.50 .008 .02 .003 .36

ALT (IU/L)

Crude model 16.00 (13.00, 23.00) 16.00 (11.75, 21.00) 16.00 (14.00, 21.00) .01 .53 .03 .008

Model 1 16.00 (13.00, 23.00) 16.00 (11.75, 21.00) 16.00 (14.00, 21.00) .01 .40 .06 .004

AST (IU/L)

Crude model 20.00 (18.00, 23.00) 17.00 (15.00, 23.00) 18.00 (16.00, 22.00) .01 .01 .73 .005

Model 1 20.00 (18.00, 23.00) 17.00 (15.00, 23.00) 18.00 (16.00, 22.00) .001 .001 .44 .007

(Continues)
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diabetes and cardiometabolic risk factors with increasing
consumption of refined grains.26 This might explain why
serum levels of FBS, LDL-C and TC were higher in the third
tertile compared with the first tertile. However, the mean dif-
ference of FBS concentration between the third and first
tertiles was only 3 mg/dL, which is not meaningful from a
clinical point of view.

In a cohort study in the United Kingdom,12 elderly men
with greater EDI scores had a lower risk of all-cause mortal-
ity, CVD mortality and CHD events, whereas no association
was found with CVD events. In addition, the MDS demon-
strated a weaker association with all-cause mortality com-
pared with the EDI. The authors also reported no significant
associations between MDS and CVD mortality, CVD events
and CHD mortality.12

Some studies have shown an association between a
Mediterranean-style diet and lower risk of CVD, inflamma-
tion and insulin resistance in elderly populations.27-29 One
Iranian study found that adherence to the Mediterranean diet,
according to MDS, did not predict metabolic syndrome com-
ponents and metabolic syndrome incidence after 3-year fol-
low up.24 Differences in the availability of foods,
preferences for eating specific foods within each food group

and the processing and preparation of foods can influence
the nutrient composition of the same food found in Mediter-
ranean and non-Mediterranean countries.23

One limitation of this study was the cross-sectional
design, which does not allow for causal inference. Nonethe-
less, these preliminary findings can be used as a basis for
future prospective assessments that can better help determine
causation. Second, although specific foods or food groups
do not influence health outcomes to the same degree, the
scoring of the EDI (ie, 1-4) weighs each component equally
in calculating the total score. An advantage of this kind of
scoring, however, is that it enables comparisons between dif-
ferent groups and can allow for posteriori dietary pattern
analyses. Posteriori methods to define dietary patterns have
an advantage over a priori methods in that no prior assump-
tions about dietary patterns are necessary.7 Third, as our
study only included men, the results may not be
generalisable to women. To date, most epidemiological stud-
ies in Iran on this topic have been conducted on women;
therefore, we focused on men. Fourth, in spite of using a val-
idated and reliable FFQ for the assessment of dietary
intake,15 it is possible that self-report on the FFQ could have
led to recall bias and misclassification. Fifth, while most

TABLE 2 (Continued)

Variables

EDI tertiles

P-value P1,2 P1,3 P2,3T1, ≤21 (n = 124) T2, 21 to <26.5 (n = 102) T3, ≥26.5 (n = 136)

IL-6 (pg/mL)

Crude model 6.95 (6.09, 7.16) 6.17 (6.09, 7.05) 6.95 (6.12, 7.16) .07 .15 .39 .02

Model 1 6.95 (6.09, 7.16) 6.17 (6.09, 7.05) 6.95 (6.12, 7.16) .27 .48 .40 .10

TNF-α (pg/mL)

Crude model 0.72 ± 0.08 0.73 ± 0.07 0.72 ± 0.07 .22 .11 .88 .13

Model 1 0.72 ± 0.07 0.72 ± 0.07 0.72 ± 0.07 .79 .58 .51 .87

hs-CRP (mg/L)

Crude model 2.10 (1.00, 3.00) 1.60 (1.10, 2.70) 1.70 (1.30, 2.40) .16 .09 .961 .09

Model 1 2.10 (1.00, 3.00) 1.60 (1.10, 2.70) 1.70 (1.30, 2.40) .47 .52 .22 .50

SBP (mm Hg)

Crude model 127.9 ± 18.5 130.3 ± 19.1 128.5 ± 11.1 .53 .27 .75 .41

Model 1 127.5 ± 17.2 129.4 ± 17.1 130.1 ± 15.0 .40 .30 .19 .72

DBP (mm Hg)

Crude model 79.5 ± 9.5 75.0 ± 6.8 79.3 ± 6.1 <.001 <.001 .84 <.001

Model 1 79.6 ± 9.2 78.3 ± 6.7 77.1 ± 7.1 .001 .75 .003 <.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; EDI, elderly dietary index;
FBS, fasting blood sugar; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment-insulin resistance; hs-CRP, high-sensitivity
C-reactive protein; IL-6, interleukin-6; LDL-C, low-density lipoprotein cholesterol; QUICKI, quantitative insulin sensitivity check index; SBP, systolic blood pressure;
TG, triglyceride; TNF-α, tumour necrosis factor-alpha; WC, waist circumference.
aOne-way analysis of variance.
bAnalysis of covariance (adjusted for age, BMI, energy intake and socioeconomic status).
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participants were healthy, if some suffered from other car-
diovascular risk factors, this may have reduced our ability to
detect significant associations. Finally, although we adjusted
for most of the important confounders, residual confounding
is still possible.

In conclusion, elderly men with greater EDI scores were
at lower risk of overweight and obesity and high serum
levels of LDL-C compared with those with lower EDI
scores. However, higher EDI scores were not associated
with other CVD risk factors in this population.
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Association of a plant-based dietary pattern in relation
to gestational diabetes mellitus
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Abstract
Aim: The prevalence of gestational diabetes mellitus (GDM), which has adverse effects on mothers and their off-
spring, is increasing worldwide. The role of a plant-based dietary pattern as a determinant of GDM is not well under-
stood. Therefore, we examined the association between plant-based dietary patterns and the risk of GDM.
Methods: We enrolled 460 pregnant women in this case–control study, of them 200 were cases and 260 were con-
trols. Dietary intake of participants was evaluated using three 24-hour dietary records. Adherence to the plant-based
dietary patterns was scored using three indices of the overall plant-based dietary index (PDI), healthy plant-based
diet (hPDI) and unhealthy plant-based diet index (uPDI). The risk of GDM was compared across tertiles of PDI, hPDI
and uPDI.
Results: After multivariable adjustment, we demonstrated that the high PDI score was inversely associated with risk
of GDM (OR = 0.47; 95% CI: 0.28–0.78, P = 0.004), but there was no significant association between hPDI (OR = 1.03;
95% CI: 0.64–1.65, P = 0.884) or uPDI (OR = 1.65; 95% CI: 0.98–2.78, P = 0.06) and GDM risk.
Conclusions: We found that following an overall plant-based diet was associated with lower risk of GDM. Future
studies are warranted with longitudinal designs to confirm these findings.

Key words: gestational diabetes mellitus, healthy plant-based diet index, plant-based diet index, pregnant
women, unhealthy plant-based diet index.

Introduction

Gestational diabetes mellitus (GDM) is often defined as a
disturbance in glucose tolerance first detected during
pregnancy.1–5 The prevalence of GDM has increased
steadily, with 14% of pregnancies in USA, 5.7% of pregnan-
cies in Australia, and 5–10% of pregnancies in Asian coun-
tries presenting with GDM. In Iran, the prevalence of GDM
has been estimated at 3.4% of all annual pregnancies.3,6–8

GDM is considered as a significant risk factor for several
other comorbidities in both mothers and their newborns.9

Several genetic and environmental factors including age
at pregnancy, family history of diabetes, race or ethnicity,
obesity and overweight, and low physical activity are associ-
ated with GDM.10–13 In addition, dietary factors are impor-
tant determinants of developing GDM.14,15 Higher
consumption of legumes, fish, nuts, fruits and vegetables
are associated with a reduced risk of GDM.11,16–18 How-
ever, a diet rich in refined carbohydrates, saturated and
trans-fatty acids, red meat, processed meats and sweetened
beverages have been associated with an increased risk of
GDM.10,19–23 Moreover, intake of haem iron (found in ani-
mal foods), but not non-haem iron has been associated
with an increased risk of GDM.24–29 Although, investigating
the association of an individual nutrient with GDM could
help to identify important biological mechanisms, consider-
ing overall dietary patterns allows for a comprehensive
understanding of the interactions between different nutri-
ents and GDM. Studies investigating the association of die-
tary patterns and GDM are limited. However, higher scores
of alternate Mediterranean Diet, Dietary Approaches to Stop
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Hypertension (DASH) and alternate Healthy Eating Index
and lower scores of Western dietary pattern have been asso-
ciated with a lowest risk of GDM.3,11,30,31

Although studies are available linking a plant-based die-
tary pattern to disease prevention,32 the benefit is based on
the quality of plant-based foods. Intake of, for example,
refined and simple carbohydrates and saturated fatty acids
in the diet have been associated with a higher risk of
chronic diseases.33 A prospective cohort study in USA
showed an inverse association between a healthy plant-
based diet and type 2 diabetes. However, there was also an
association between unhealthy plant foods and risk of type
2 diabetes.34 In Middle-Eastern countries, there is a dietary
pattern of plant-based foods that partially consists of refined
grains including white rice and bread.35 To the best of our
knowledge, there is no study that has investigated the asso-
ciation between plant-based dietary patterns with risk of
GDM, in Middle-Eastern countries. Therefore, the objective
was to examine the association of a plant-based dietary pat-
tern with the risk of GDM in Iranian women.

Methods

This hospital-based case–control study was conducted in
460 pregnant women (260 controls and 200 with GDM) in
the nutrition clinic in AL-Zahra and Shahid Beheshti hospi-
tals, Isfahan, Iran. Participants (22–44 years of age) were
between the 25th and 28th week of pregnancy. Cases and
controls were matched by the weeks of pregnancy. Pregnant
women with twins, those with type 1 or 2 diabetes mellitus,
cancer, and cardiovascular diseases were excluded. In addi-
tion, subjects with under or over-reporting of dietary
intakes (<800 or >4200 kcal/day), as well as those with
incomplete data on health status or dietary intakes were
also excluded. All participants provided informed written
consent. The present study was approved by the ethics
review committee of the Isfahan University of Medical Sci-
ences, Isfahan, Iran. The present study adhered to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement for case–control studies.

Dietary intake of participants was collected immediately
after the diagnosis of GDM by use of three-day food diaries
between the 25th and 28th week of pregnancy. Women
were trained on how to record their daily intakes, which
were completed on two consecutive weekdays and one
weekend day. Finally, a dietitian reviewed the diary with
the participant for accuracy and completeness.

Household measures were used to convert portion sizes
to grams per day. Grams were then used to calculate
macro- and micro-nutrients intakes using Nutritionist ӀV
software (First Databank Division, the Hearst Corporation,
San Bruno, CA, USA, modified for Iranian foods). The
plant-based dietary pattern score was calculated using the
method of Satija et al.34 We calculated three indices includ-
ing overall plant-based diet index (PDI), healthful PDI
(hPDI) and unhealthful PDI (uPDI) in the present study. All
food items were categorised into 18 groups similar in nutri-
ent components, which consisted of animal and plant foods

including healthy and unhealthy plant-based foods. Healthy
plant foods included whole grains, fruits, vegetables, nuts,
legumes, vegetable oils and tea/coffee, whereas fruit juices,
sugar-sweetened beverages, refined grains, potatoes and
sweets/desserts were considered as unhealthy plant foods.
In addition, animal food items were animal fat, dairy, egg,
fish/seafood, meat and miscellaneous animal-based foods.
Food items were classified to a particular group based on
their nutrient properties. For foods with mixed composi-
tion, the classification was based on the most dominant
ingredient. These food items were then converted to deciles
of consumption and a score of 1–10 was considered for
each of them. For PDI, scores of 10 and 1 were given to
participants at the highest and lowest deciles of plant food
consumption, respectively. In addition, scores of 1 and
10 were given to the subjects in the highest and lowest dec-
iles of animal foods consumption, respectively. To calculate
hPDI, scores of 10 and 1 were given to subjects with the
highest and lowest consumption of healthy plant foods,
respectively. A score of 1 for the highest consumption and
10 for the lowest consumption of unhealthy plant foods
and animal food items was also given. To calculate uPDI, a
score between 10 and 1 was given to the highest through
the lowest consumption of unhealthy plant foods. Further-
more, subjects with the highest to lowest consumption of
animal foods and healthy plant foods were given a score
between 1 and 10. Scores were summed up to obtain a
score ranging from 18 to 180 for each PDI, hPDI and uPDI
index. A higher total score for each index indicated higher
adherence to that dietary pattern.

Blood samples were obtained after a 12-hour overnight
fast. Blood samples were centrifuged within 30–45 minutes
of collection for 10 minutes at 500g and at 4�C. An auto-
analyser (Selectra 2; Vital Scientific, Spankeren, Netherlands)
was used to measure blood samples. Serum concentrations of
alanine aminotransferase, aspartate aminotransferase, high-
density lipoprotein cholesterol (HDL-C), low-density lipopro-
tein cholesterol (LDL-C), total cholesterol (TC) and fasting
blood glucose (FBG) were measured using commercially
available enzymatic kits (Pars Azmmoun, Tehran, Iran). Glu-
tathione oxidase was used to measure triacylglycerol (TG).
GDM was defined as fasting blood glucose >5.27 mmol/L or
1-hour postprandial glucose >7.77 mmol/L during
pregnancy.

Participant weight was measured using a SECA digital
scale to the nearest 100 g. Height was measured to the
nearest 1 cm using a measuring tape. Body mass index
(BMI) was calculated as weight (kg) divided by squared
height (m2).

We also measured systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) in duplicate at 5-minute inter-
vals in a relaxed seated position. The average of these two
measurements was used for reporting purposes.

Socioeconomic status (SES) was assessed by asking par-
ticipants about their family size (≤4, >4 persons), education
status (academic or non-academic), and house ownership
(yes, no). A score of 1 was given for having family members
of ≤4, academic educations and house ownership to each
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subject. If they had family members of >4, had non-
academic educations, or were not home owners, they were
given the score of 0. Finally, the scores were summed and a
total SES score of 0 (poor), 1 (middle class) and 2 (rich)
was obtained based on the tertiles of SES.

We classified participants based on tertiles of PDI, hPDI
and uPDI. One-way analysis of variance (ANOVA) was used
to compare continuous variables across tertiles of PDI, hPDI
and uPDI. We used the chi-squared test to compare the dis-
tribution of categorical variables across the tertiles of scores.
To determine the contribution of each food group to the
PDI, hPDI and uPDI score, linear regression models were
used. Multivariable logistic regression was used in different
models to find the relation between plant-based diet scores
and odds of GDM. This association was examined in both
crude and adjusted models. First, we controlled for age and
energy intake. Additional controls for the number of chil-
dren and SES (education, occupation and economic status)
were done in the second model. Statistical analyses were
carried out using SPSS for Windows software (version
16.0), SPSS Inc, Chicago IL. P < 0.05 was considered statis-
tically significant.

Results

General characteristics of study participants across catego-
ries of PDI, hPDI and uPDI are presented in Table 1. Partic-
ipants with the highest PDI score were significantly younger
(P = 0.043) than those with the lowest score. They had also
lower FBG (P = 0.02), TC (P = 0.05), LDL (P = 0.04) and
higher SBP (P = <0.01). There were no significant differ-
ences between tertiles of PDI score in terms of BMI, DBP,
HDL, TG and HbA1C. In addition, women at the highest
tertile of hPDI had significantly lower serum HDL-C in
comparison to those in the lowest tertile (P = 0.04). No
additional differences were seen in general characteristics of
participants among tertiles of hPDI. Furthermore, higher
score of uPDI was associated to higher concentrations of
FBG (P < 0.01), TC (P = 0.03) and TG (P < 0.001). How-
ever, an association of other variables including age, BMI,
SBP, DBP, LDL, HDL and HbA1C with uPDI was not signif-
icant. Participants SES did not differ based on tertiles of
PDI and uPDI, while there was a significant difference
between tertiles of hPDI.

Dietary intakes of participants according to tertiles of
PDI, hPDI and uPDI are shown in Table 2. Participants
with a higher PDI had higher intakes of total energy
(P < 0.001), carbohydrate (P < 0.001), sodium (P < 0.001),
iron (P < 0.001), potassium (0.019) and vitamin C
(P < 0.001), and lower intakes of fat (P < 0.001), choles-
terol (P < 0.001), SFA (P < 0.001), zinc (P < 0.001), cal-
cium (P < 0.001) and vitamin B12 (P = 0.003).
Furthermore, participants at the highest tertile of hPDI
score had significantly higher intakes of carbohydrate
(P < 0.001), sodium (P < 0.001), iron (P = 0.007), folic acid
(P = 0.001), vitamin C (P < 0.001) and potassium
(P = 0.019), and lower intakes of total energy (P < 0.001),
fat (P = 0.004), SFA (P < 0.001), cholesterol (P < 0.001),

zinc (P < 0.001), calcium (P < 0.001) and vitamin B12
(P = 0.003) than those in the lowest tertile. In addition,
lower intakes of total energy (P < 0.001), protein
(P < 0.001), fat (P < 0.001), SFA (P < 0.001), cholesterol
(P < 0.001), sodium (P < 0.001), iron (P < 0.001), magne-
sium (P < 0.001), zinc (P < 0.001), folic acid (P = 0.001),
vitamin C (P < 0.001), potassium (P < 0.001), calcium
(P < 0.001) and vitamin B12 (P = 0.011) and higher intakes
of carbohydrate (P = 0.007) were found in women with the
highest uPDI score than those with the lowest score. The
contribution of each food group to the PDI, hPDI and uPDI
score is shown in Table S1, Supporting Information.

Multivariable-adjusted odds ratio (OR) and 95% confi-
dence intervals (CIs) for GDM according to tertiles of PDI,
hPDI and uPDI are presented in Table 3. In the crude
model before adjusting for confounders, a higher score of
PDI was inversely associated to the risk of GDM (OR: 0.50;
95% CI: 0.31–0.80). After adjustment for confounders,
including age, energy intake, smoking status, number of
children and BMI, the association remained unchanged
(OR: 0.47; 95% CI: 0.28–0.78). However, no significant
association was found between hPDI and risk of GDM (OR:
1.07; 95% CI: 0.68–1.67). This association remained non-
significant in the third model, after adjustment for the
potential confounders (OR: 1.03; 95% CI: 0.64–1.65). In
addition, the association between uPDI and odds of GDM
was non-significant before controlling for the potential con-
founders (OR: 1.41; 95% CI: 0.89–2.23). However, this
association was significant in the second model (OR: 1.71;
95% CI: 1.02–2.85), after controlling for age and energy
intake. Moreover, a marginally significant direct association
was found between uPDI and risk of GDM, after further
adjustment for age, energy intake, smoking status, number
of children and BMI at the final model (OR: 1.65; 95% CI:
0.98–2.78).

Discussion

The present study showed that following a plant-based diet
was associated with lower risk of GDM. In contrast, an asso-
ciation was found between consumption of an unhealthy
plant-based diet and risk of GDM. However, there was no
significant association between the hPDI and GDM.

In the current study, there was an inverse association
between PDI and the risk of GDM. This finding is consis-
tent with several previous investigations. First, in a cross-
sectional study of 325 women in India, it was reported
that non-vegetarians had a higher risk of GDM compared
with those adhering to a vegetarian diet.36 In another
observational study which analysed data from 10 countries,
the Mediterranean diet was associated with reduced risk
of GDM.37 In addition, prudent dietary patterns rich in
healthy vegetarian foods have been shown to be inversely
associated with the risk of GDM.2,13,17,38 Furthermore, the
results of a meta-analysis showed that DASH diet may
decrease fasting blood glucose in pregnancy.39 However, a
Western diet, or unhealthy dietary patterns, was associated
with higher odds of GDM.10,31,40 Similarly, another study
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highlighted that a reduction in consumption of some
animal-based foods improved metabolic control in persons
with GDM.41 Among food group items, vegetable oil,
legumes, whole grains and fruit juices contributed most to
the PDI score. A trial by Wang et al. indicated that ratio-
nal consumption of polyunsaturated fatty acid resulted in
better health outcomes in women with gestational diabe-
tes.42 Moreover, some studies18,43 concluded that con-
sumption of fruit juices did not increase the risk of GDM.
Moderate consumption of fruit juices because of its high
vitamins, minerals, and phytochemicals content could
neutralise potential adverse effects of the low amount of
fibre and high amount of rapid absorbable sugar. Based
on earlier studies, high consumption of whole grains and
legumes has a protective role in the development of
GDM.22,44

Although we did not find a significant association
between tertiles of uPDI and GDM in the present study, ele-
vated risk of GDM has been reported in other studies.6,20,43

It is possible that this is because of lowest tertile of uPDI
still having average fasting blood glucose above the cut-off
for GDM, making it challenging to look at differences in
GDM outcomes. Although the exact mechanism through
which plant-based diets might affect GDM is not well
understood, several suggestions have been made. Plant-
based foods are rich in antioxidants, fibre, polyunsaturated
fatty acids and micronutrients. Intakes of dietary antioxi-
dants might improve glucose metabolism by decreasing glu-
cose absorption, increasing insulin secretion and improving
insulin sensitivity.22 Dietary fibre reduces glucose absorp-
tion and has a beneficial effect on glucose metabolism. In
addition, different micronutrients including magnesium and
vitamin C also might have a role in the regulation of glu-
cose metabolism and improving insulin sensitivity. How-
ever, consumption of sugar-sweetened beverages might
increase fasting blood glucose concentrations and insulin
resistance. Higher consumption of saturated fatty acids also
could decrease insulin sensitivity and induce glucose
intolerance.

To the best of our knowledge, this is the first case–
control study investigating the association between PDI,
hPDI and uPDI and the risk of developing GDM. However,
there are several limitations that should be noted. Dietary
intakes of participants were assessed by using three
24-hour food records that may not be indicative of their
usual dietary intakes. Furthermore, pregnant women might
alter their usual dietary intakes to consume a more healthy
diet during the pregnancy period. Average fasting blood
glucose was above the 5.27 mmol/L cut-off for GDM in all
tertiles, potentially making it more challenging to look for
differences among tertiles. Finally, because of the case–
control design of the study, it is impossible to confer cau-
sality. Therefore, further prospective cohort studies are
needed to confirm our findings.

In conclusion, we found that following an overall plant-
based diet was associated with lower risk of GDM. Future
studies are warranted with longitudinal designs to confirm
these findings.T
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The relationship between pre-pregnancy dietary
patterns adherence and risk of gestational diabetes
mellitus in Iran: A case–control study

Maryam ASADI ,1,2 Maedeh SHAHZEIDI,3 Azadeh NADJARZADEH,3,4
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Abstract
Aim: The present study aimed to investigate major dietary patterns and their association with risk of gestational dia-
betes mellitus (GDM) in Yazd city located in Iran.
Methods: This case–control designed study was conducted at six healthcare centres. Two hundred and seventy-
eight pregnant women who referred for GDM screening participated. Dietary assessment was carried out by using a
67-item validated food frequency questionnaire to evaluate dietary history of participants during the last year. Princi-
pal component analysis was used to identify major food patterns. Multivariable logistic regression model was
employed to identify the association between dietary patterns and risk of GDM.
Results: Two major dietary patterns were detected. The Western dietary pattern was associated with higher intakes
of sugar-sweetened beverages, refined grain products, fast foods, salty snacks, sweets and biscuit, mayonnaise and
saturated oils, while the prudent dietary pattern was associated with higher intakes of fruits, low-fat dairy, potato,
egg, fish, poultry, nuts, organs meat and red meat. Furthermore, prudent dietary pattern was negatively associated
with GDM risk (OR = 0.88, 95% CI: 0.44–0.99). However, there was no significant association between adherence of
the Western dietary pattern and risk of GDM.
Conclusions: Pre-pregnancy adherence of the prudent dietary pattern was significantly associated with reduced risk
of GDM.

Key words: factor analysis, gestational diabetes mellitus, prudent dietary pattern, Western dietary pattern.

Introduction

Gestational diabetes mellitus (GDM), as a most prevalent
pregnancy complication, affects approximately 7% of preg-
nancies.1 The prevalence of GDM has been approximately

3.4% in Iran.2,3 GDM prevalence in Yazd is high, approxi-
mately 3.7%, with an increasing trend.4 Also, Yazd is
ranked as a city with the highest prevalence of type 2 diabe-
tes in Iran.5 The prevalence of GDM is higher in some
races, such as African, Hispanic, Indian, and Asian women
compared to Caucasian women. Recently, GDM prevalence
has increased to 2–3 fold globally, from 8.9% to 53.4%,
parallel with the increase in obesity prevalence and type
2 diabetes mellitus (T2DM).6 GDM has a notable adverse
effect on the health of the mother and offspring during
pregnancy, delivery and later in life. Development of type
2 diabetes occurs in more than 50% of women with GDM
during 5–10 years after delivery.7 In addition, there is an
elevated risk of obesity, diabetes and the metabolic syn-
drome in the offspring of women that are affected with
GDM.8,9 Several risk factors play role in GDM development
including maternal age, obesity, race, previous history of
foetal macrosomia and family history of T2DM.10 Further-
more, several studies indicated that maternal circulating
fatty acids (FAs) play main roles in foetal development.
However, increased maternal circulating FAs are related to
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enhanced insulin resistance and β-cell dysfunction, which
support the promotion of GDM.11 Recently, several studies
have indicated the relationship between dietary patterns
and GDM development.10 Obese and overweight women
have a rather GDM risk than normal weight women.3,12

Additionally, excessive weight gain during pregnancy is
associated with elevated GDM risk.12 Thus, programs and
strategies to prevent GDM could be applied through identi-
fication of modifiable risk factors.

Studies investigating the effect of dietary habits on GDM
risk have shown that Western dietary pattern is an important
risk factor for GDM.10,12 Nutritional transition from tradi-
tional to Western dietary pattern (high caloric and low nutri-
ent density) may be associated with the development of
metabolic disorders.13 A systematic review of observational
studies demonstrated that the Western-style dietary pattern is
attributed to higher intake of red meat, egg, processed meat,
sweets, refined grains, high-fat dairy products and savoury
snacks which is associated with elevated GDM risk. On the
contrary, adherence to the Mediterranean-style dietary pattern
(characterised by high consumption of fruits, vegetables,
legumes, whole grains and fish) is associated with lower
GDM risk.10 However, limited research has been carried out
on the role of dietary pattern and risk of GDM in non-
westernised countries. Therefore, this case–control study was
aimed to investigate the association between the major dietary
patterns and risk of GDM in Yazd city located in Iran.

Methods

This case–control designed study was conducted between
September 2014 and March 2015 among pregnant woman
who referred to healthcare centres in Yazd city. Six
healthcare centres were randomly selected according to
socioeconomic characteristics. Sampling was done by ran-
dom simple sampling method. Fifty pregnant women par-
ticipated from each healthcare centre. One hundred forty-
eight GDM and 148 non-GDM women aged 19–40 years
with singleton pregnancy were included. Therefore, the
ratio of GDM (cases) to non-GDM (controls) was 1:1. Exclu-
sion criteria included pre-existing diabetes, multiple pregnan-
cies, history of GDM in previous pregnancy/pregnancies,
chronic disease (such as liver and kidney disease), smoking
and reported daily calorie intake >4000 or <800 kcal/day.
This research was supported by the Student Research Com-
mittee of Yazd Shahid Sadoughi University of Medical
Sciences. All participants signed a consent form. The study
protocol was confirmed by the ethics committee according to
the ethical guidelines of the 2013 Declaration of Helsinki at
Shahid Sadoughi hospital of Yazd. In addition, the STROBE
statement for reporting observational studies was followed.

GDM subjects were selected according to GDM diagnosis
between 24 and 28 weeks of pregnancy. GDM diagnosis
was approved according to the American Diabetic Associa-
tion criteria. GDM was confirmed if at least two values of
the following glucose levels were detected by 75 g oral glu-
cose tolerance test (OGTT): fasting ≥92 mg/dL; 1 hour
≥180 mg/dL and 2 hours ≥153 mg/dL.14

Individual characteristics including age, physical activity,
family history of diabetes, pre-pregnancy body mass index
(BMI), educational level, occupational situation, history of
foetal macrosomia and daily calorie intake were collected
using a self-reported questionnaire by trained research assis-
tants. Weight was measured with minimum clothes, with-
out wearing shoes using a calibrated scale (Seca, Germany)
and was reported to the nearest 0.1 kg. Height was mea-
sured without shoes, in a standing normal position using a
calibrated height measuring tape and was reported to the
nearest 0.1 cm. BMI was computed as weight (kg) divided
by square of height (m). Pre-pregnancy BMI was classified
according to the national institutes of health: normal
weight, 18.5–24.930 kg/m2; overweight, 25–29.930 kg/m2

and obese, ≥3030 kg/m2.15 Physical activity questionnaire
was used to report a list of common activity during the past
year, including type, duration and frequency of activity per
week.16 Physical activity level were evaluated using the
international physical activity questionnaire (IPAQ) and was
reported as mean � SD for metabolic equivalent minutes
per week (MET-min/week).17

Dietary assessment was done using a 67-item validated
semi-quantitative food frequency questionnaire (FFQ) to
evaluate dietary history of participants during the last
year.18,19 The FFQ was included a list of common foods
consumed during last year which was asked through face-
to-face interviews by trained dietitians and was reported as
daily, weekly, monthly and annual. Participants reported
consumption of each food items based on nine-category of
the time period (<1/month, 2–3/month, 1–2/week, 3–4/
week, 6/week, 1/day, 2–3/day, 4–5/day or 6/day). Food fre-
quency of each item was reported according to standard
household measuring tools and converted to grams.20 Food
items were summarised into 20 food groups based on the
type of food items. Dietary intakes were analysed by Nutri-
tionist IV software version 3.5 (N Squared Computing, San
Bruno, CA, USA). Principal component analysis was
employed for determination of major dietary patterns. Food
items in the FFQ were classified into 20 food groups based
on their similarity of nutritional characteristics.

Data analysis was undertaken using SPSS statistical soft-
ware package (version 20; SPSS Inc., Chicago, IL, USA).
Individual characteristics were reported as mean � SD for
continuous variables using independent t test, and percent-
ages for categorical variables using chi-squared test. Multi-
variable logistic regression model was used to identify the
association between tertiles of dietary patterns and risk of
GDM incidence by calculating odds ratio (OR) and estimat-
ing of 95% confidence intervals (CIs). Dietary patterns were
determined by principal component analysis. Suitability for
usage factor analysis was assessed by Kaiser–Meyer–Olkin
(KMO test) and Bartlett’s test. Sampling sufficiency of com-
ponents was confirmed by KMO test >0.63. In addition,
inter-correlation of components was approved by Bartlett’s
test of sphericity <0.001. Components were determined
based on eigenvalue >1 for scree plot. The Promax oblique
rotation was used with a 4 kappa value to increase interpret-
ability while it was assumed that factors were correlated
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together.21 Two table of loading were obtained. Pattern
matrix indicates the factor loading of each of the variable,
while structure matrix shows correlation between variables
and factors.22 Factor loadings greater than �0.2 for each
food group were considered to contribute significantly to the
dietary patterns. Each of the case and control participants
obtained an individual factor score for each dietary pattern.
Therefore subjects were classified according to factor score of
each dietary pattern. The meaning of high factor score and
low factor score is high adherence and low adherence to a
particular dietary pattern, respectively. Positive factor loading
in each food groups is directly associated with a dietary pat-
tern and negative factor loading is conversely related to a die-
tary pattern. Covariates were determined according to the
previous studies and categorical variables included into the
model as follow: pre-pregnancy BMI (<18.5, 18.5–24.9,
25–29.9 and ≥ 30 kg/m2), educational level (illiterate, ele-
mentary, diploma and college), occupational situation
(employee, housewife), history of foetal macrosomia (yes/no)
and daily calorie intake (<2000, 2000–3000 and
>3000 kcal/day), while age and physical activity were
included in the model as continuous variables. Additionally,
covariates were adjusted into the multivariable logistic regres-
sion model when there was a significant difference between
case and control group. P-values for trend across tertiles of

dietary patterns adherence were determined. P-values ≤0.05
were considered statistically significant.

Results

Table 1 shows the general characteristics of participants.
Dietary information of 18 GDM women was omitted
because of over-reporting (>4000 kcal/day), under-
reporting (<800 kcal/day) and incomplete questionnaire
(less than 40% food items). Thus, dietary information of
130 GDM and 148 non-GDM women was analysed. GDM
women had higher age (P = 0.01), pre-pregnancy BMI
(P = <0.001), family history of diabetes (P = <0.001), and
history of foetal macrosomia (P = <0.001) compared to
non-GDM women. Other variables had no significant differ-
ence between GDM and non-GDM groups.

The dietary information of participants was analysed
using factor analysis. Food items were categorised into
20 food groups according to similarity of nutrients. By
using principal component analysis, major dietary patterns
were identified based on the 20 food groups. Two major
dietary patterns were detected based on eigenvalue >1 and
the Scree test and labelled ‘prudent dietary pattern’ and
‘Western dietary pattern’ according to data interpretation
and earlier studies. These two dietary patterns were selected

Table 1 General characteristics (frequency) of participants

Variables GDM (n = 130) Control (n = 148) P-value(a)

Age (year), mean � SD 29.00 � 5.17 27.50 � 4.92 0.01(b)

Pre-pregnancy weight (kg) 68.82 � 13.31 63.02 � 11.77 <0.001(b)

Physical activity (MET-min/week) mean � SD 1162 � 43 1221 � 07 0.07(b)

Educational level (n, %) 0.07(c)

Illiterate 3 (2.30) 0 (0.00)
Elementary 31 (23.80) 33 (22.30)
Diploma 67 (51.50) 66 (44.60)
College 29 (22.30) 49 (33.10)

Pre-pregnancy BMI (kg/m2) (n, %) <0.001(c)

<18.5 1 (0.80) 11 (7.40)
18.5–24.9 46 (35.40) 83 (56.10)
25–29.9 50 (38.50) 39 (26.40)
≥30 33 (25.40) 15 (10.10)

Occupational situation (n, %) 0.60(c)

Employee 10 (7.70) 10 (6.80)
Housewife 120 (92.30) 137 (92.60)

Total energy intakes (kcal/day) (n, %) 0.50(c)

<2000 60 (46.20) 59 (39.90)
2000–3000 59 (45.40) 73 (49.30)
>3000 11 (8.50) 16 (10.80)

Family history of diabetes (n, %) <0.001(c)

No 64 (49.20) 107 (72.30)
Yes 66 (50.80) 41 (27.70)

History of foetal macrosomia (n, %) 0.009(c)

No 120 (92.30) 146 (98.60)
Yes 10 (7.70) 2 (1.40)

(a) P-value <0.05 was considered significant.
(b) P-value based on independent sample t test.
(c) P-value based on chi-squared test.
BMI, body mass index; GDM, gestational diabetes mellitus; MET, metabolic equivalent minutes per week
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according to the highest percentage of the variance
explained in the components. Table 2 show pattern matrix,
structure matrix and percentage of variance explained in
two major dietary patterns. The two dietary patterns explain
22.07% of the total variance in food intake. The prudent
dietary pattern had a high amount of fruits, low-fat dairy,
potato, egg, fish, poultry, nuts, organs meat and red meat,
and explained 8.54% of the variance. The Western dietary
pattern which was loaded heavily on sugar-sweetened bev-
erages, refined grain products, fast foods, salty snacks,
sweets and biscuit, mayonnaise and saturated oils explained
13.53% of the variance.

Multivariable-adjusted OR of GDM according to quartiles
of dietary patterns is shown in Table 3. Two models of
logistic regression were considered. BMI and age were
adjusted in Model 1. All of the variables including BMI,
age, history of foetal macrosomia and family history of dia-
betes were adjusted in Model 2. Third tertile of prudent
dietary pattern adherence was negatively associated with
GDM risk for crude odds ratio (OR = 0.84, 95%
CI = 0.44–0.95), Model 1 adjusted OR (OR = 0.85, 95%
CI = 0.43–0.97) and Model 2 adjusted OR (OR = 0.88,
95% CI = 0.44–0.99) compared with the first tertile. How-
ever, we found no significant association between Western
dietary pattern adherence and risk of GDM.

Discussion

In this case–control designed study of 278 pregnant
women, two major dietary patterns (prudent and Western

dietary patterns) were identified. We found that prudent
dietary pattern adherence is significantly associated with
reduced GDM risk after adjustment for pre-pregnancy BMI,
age, family history of diabetes and history of foetal macro-
somia; while Western dietary pattern adherence had no sig-
nificant relationship with GDM risk. In the present study,
the prudent dietary pattern was characterised by intakes of
fruits, low-fat dairy, potato, egg, fish, poultry, nuts, organs
meat and red meat. On the other hand, the Western dietary
pattern was characterised by sugar-sweetened beverages,
refined grain products, fast foods, salty snacks, sweets and
biscuit, mayonnaise and saturated oils.

The prudent dietary pattern adherence is associated with
reduced consumption of foods with high glycaemic index,
glycaemic load, and saturated fatty acids (SFAs); conse-
quently, improvement in diet quality.23 To the best of our
knowledge, the present study is the first study that investi-
gated the association between dietary patterns adherence
and risk of GDM in Yazd city located in Iran. Few studies
reported pre-pregnancy prudent dietary pattern and risk of
GDM. Zhang et al. and Tryggvadottir et al. have shown that
prudent dietary pattern is associated with reduced risk of
GDM,12,14 which is in line with the result of the present
study. However, Zhang et al. showed that higher intake of
meat is associated with increased risk of GDM;14 a large
prospective study in China detected no association between
a protein-rich dietary pattern that is characterised by intake
of red meat, processed meat, animal organ meat, poultry,
grains, fish, soups, vegetables and egg, and risk of GDM.8

In general, interaction of nutrients and foods in a dietary

Table 2 Pattern and structure matrix for major dietary patterns by rotated component analysis

Food groups

Prudent dietary pattern Western dietary pattern

Pattern matrix Structure matrix Pattern matrix Structure matrix

Sweets and biscuit — — 0.23 0.47
Sugar-sweetened beverages — — 0.67 0.55
Mayonnaise — — 0.37 0.55
Salty snacks — — 0.75 0.51
Refined grain products — — 0.44 0.47
Saturated oils — — — 0.22
Fast foods — — 0.48 0.46
Unsaturated oils — — — —

Vegetables — — — —

Fruits 0.20 0.28 −0.25 −0.23
Potato 0.47 0.59 — —

Low-fat dairy 0.75 0.66 — —

High-fat dairy — — — —

Whole grain products — — — —

Nuts 0.36 0.41 0.28 0.23
Organs meat 0.62 0.60 0.21 0.33
White meat and egg 0.29 0.24 — —

Red meat 0.22 0.26 — —

Tea and coffee — — — —

Legumes — — — —

Variance explained (%) 8.54 — 13.53 —

Values less than �0.20 were excluded. Bartlett’s test of sphericity: 558.7, significance <0.0001; Kaiser–Meyer–Olkin test = 0.63.
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pattern had different effects on GDM and T2DM.7,24,25

Perry et al. conducted a cross-sectional study with 1018
participants and demonstrated that prudent dietary pattern
(characterised by rice and unrefined cereals, fish, poultry,
low fat dairy, fruits and vegetables) is associated with
decrease in insulin resistance in adults.20 This finding is
consistent with the present study. However, another study
detected no statistical relationship between the prudent die-
tary pattern adherence and reduced risk of GDM.8

Many food groups of the prudent dietary pattern in the
present study are similar to the healthy dietary pattern,
Mediterranean-style dietary pattern, DASH diet and Healthy
Eating Index (HEI) diet.26,27 The results of the Nurses’ Health
Study II (NHS II) and other observational studies that were
mentioned above showed that adherence to these dietary pat-
terns is associated with control of serum glucose and reduced
risk of GDM and T2DM.1,26–28 The prudent dietary pattern
with having fruits and root vegetables (source of antioxidants,
dietary fibre, phytochemical and micronutrients such as mag-
nesium and vitamin C),29–31 nuts (source of dietary fibre,
polyunsaturated fatty acid (PUFA) and micronutrients),32–36

low-fat dairy (source of calcium, magnesium, whey protein
and probiotic organism),25,31,37,38 fish (source of omega 3 and
vitamin D)7,39,40 and poultry (source of proteins, PUFA and
micronutrients)36,41 can reduce the risk of GDM and T2DM.

Reduced balance of metabolic function in the pregnancy
via alteration of the pancreatic β-cell function can lead to insu-
lin resistance and GDM. Also, obesity as a reversible risk factor
has an important role in the increase of insulin resistance.10 In
addition, low capacity of antioxidant in the β-cell can result in
oxidative stress and finally reduce function in the β-cell. Fruits
and vegetables have adequate antioxidant components, as well
as supplying fibre and micronutrients.42 Dietary fibre in nuts,
fruits and vegetables decreases the speed of gastric depletion
and consequently, slowing glucose absorption.34 Low fat dairy
intake is associated with increasing intracellular calcium that
can lead to insulin secretion and improvement of glucose
absorption.25 Besides, whey proteins increase postprandial
serum amino acid, leading to the increase of insulin, the incre-
tin hormones (glucagon-like peptide 1, glucose-dependent

insulinotropic polypeptide) and improving insulin sensitiv-
ity.38 Micronutrients in dairy products and nuts such as mag-
nesium, phosphorus and potassium can improve carbohydrate
metabolism and glucose homeostasis.25,35Also, yoghurt as a
rich source of the probiotic organism may provide beneficial
effects via reducing inflammation and increasing insulin sensi-
tivity by gut microbiota alteration. These effects are induced
via calcium-regulatory peptides, calcitonin-gene-related pep-
tide or calcitonin.27 White meat such as fish and poultry as a
main component of prudent/healthy dietary pattern have anti-
inflammatory effects.12,27 It is believed that the combination of
factors described above can modulate oxidative stress.42 A sys-
tematic review showed that red meat and organs meat as
sources of haem-iron are associated with increase of oxidative
stress, inflammation, insulin resistance and consequently
higher risk of GDM.7 However, the combination of dietary
factors plays a main role in overall effects of a dietary pattern.

The present study reported no association between the
Western dietary pattern and risk of GDM. In contrast, sev-
eral studies have shown positive relationship between pre-
pregnancy adherence of the Western dietary pattern and
risk of GDM.8,14 Furthermore, results of the SUN project
indicated that pre-pregnancy adherence of sugar-sweetened
soft drinks and fast food is associated with higher risk of
GDM.43,44 It is believed that eating habits are population-
specific; therefore, different findings in studies could be
partially justified by variety in the race among study partici-
pants.8 Also, different findings could be caused by the vari-
ation of food loading in dietary patterns. The factor loading
of saturated fat and nuts in our Western dietary pattern was
different from the other studies.

There are also several limitations in the present study.
First, the present study had no large sample size. Second,
the present study as a case–control study is not able to
prove the causal relationship between dietary patterns and
GDM. Thus, more strong results must be achieved by
higher sample size and prospective studies.

In summary, the present study found that pre-pregnancy
adherence of the prudent dietary pattern was significantly
associated with lower risk of GDM compared to the control

Table 3 Odds ratio (OR) for gestational diabetes mellitus (GDM) in different tertiles of dietary patterns

Q1 Q2 Q3 P-trend(a)

Western dietary pattern
n (GDM/non-GDM) 43/52 42/47 45/49
Crude OR 1 (reference) 1.38 (0.71–2.70) 1.24 (0.65–2.37) 0.3
Adjusted OR (Model 1) 1 (reference) 1.50 (0.74–3.05) 1.46 (0.73–2.91) 0.2
Adjusted OR (Model 2) 1 (reference) 1.58 (0.77–3.27) 1.50 (0.74–3.03) 0.2

Prudent dietary pattern
n (GDM/non-GDM) 54/39 42/51 34/58
Crude OR 1 (reference) 0.35 (0.18–0.70) 0.84 (0.44–0.95) 0.02
Adjusted OR (Model 1) 1 (reference) 0.37 (0.18–0.75) 0.85 (0.43–0.97) 0.01
Adjusted OR (Model 2) 1 (reference) 0.38 (0.18–0.79) 0.88 (0.44–0.99) 0.01

(a) P-value <0.05 was considered significant, n = 278.
Logistic regression, Model 1: adjusted BMI and age; Model 2: adjusted BMI, family history of diabetes, history of foetal macrosomia and
age; BMI, body mass index; GDM, gestational diabetes mellitus; OR, odds ratio.
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group. This finding emphasises dietary interventions in
reproductive age by healthy diet recommendations particu-
larly in the women with higher GDM risk factors such as
BMI, family history of T2DM and previous history of foetal
macrosomia. However, further research with larger sample
size and controlling for confounders are needed to identify
the major dietary pattern and risk of GDM with regard to
culture and lifestyle in Iranian women.
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Factors associated with sarcopenia and undernutrition
in older adults
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Abstract
Aim: The aim of this study was to describe sarcopenia frequency, to identify the factors associated with sarcopenia
and undernutrition, and to evaluate their coexistence.
Methods: A total of 1500 Portuguese older adults aged ≥65years from the Nutrition UP 65 study were evaluated
using a cross-sectional analysis. Sarcopenia was defined according to the European Working Group on Sarcopenia in
Older People (EWGSOP)2 guidelines (2018), using anthropometric measures. Undernutrition status was evaluated by
Mini-Nutritional Assessment-Short Form.
Results: Sarcopenia frequency was 4.4% (n=66). Sarcopenia coexists with undernutrition or undernutrition risk in
1.5% of this sample. In the multivariate analysis, sarcopenia was directly associated with age >75years (odds ratio
(OR): 2.14; 95% confidence interval (CI): 1.19–3.84), undernutrition or undernutrition risk (OR: 1.86; 95% CI:
1.01–3.43) and inversely associated with male gender (OR: 0.52; 95% CI: 0.29–0.97), overweight (OR: 0.24; 95% CI:
0.13–0.42) or obesity (OR: 0.02; 95% CI: 0.01–0.09) and moderate alcohol consumption (OR: 0.47; 95% CI:
0.24–0.90). Undernutrition or undernutrition risk was associated with a poor or very poor self-perception of health
status (OR: 3.53; 95% CI: 2.32–5.37), a low physical activity level (OR: 1.74; 95% CI: 1.23–2.47), sarcopenia (OR:
1.85; 95% CI: 1.02–3.36), and being overweight (OR: 0.40; 95% CI: 0.27–0.59) or obese (OR: 0.43; 95% CI:
0.28–0.65).
Conclusions: The majority of the older adults presented low muscle strength (probable sarcopenia), but only a
small number had concomitantly low muscle quantity or quality (sarcopenia). Coexistence between these conditions
is low which reinforces the need to assess them both individually during geriatric assessment.

Key words: gait speed, handgrip strength, muscle mass, sarcopenia, undernutrition.

Introduction

Sarcopenia and undernutrition are conditions frequently
related with ageing and represent a major threat to older
adults’ health.1 An increased interest in sarcopenia has been
observed over the years, and this geriatric disorder is

already recognised by the International Classification of
Disease, Tenth Revision, Clinical Modification.2 In 2010, sar-
copenia was presented as a geriatric syndrome characterised
by the age-related decline in muscle mass and function
(strength and performance).3 In late 2018, the European
Working Group on Sarcopenia in older people (EWGSOP)2
published an updated operational definition of sarcopenia.4

Sarcopenia is defined as ‘a progressive and generalised skele-
tal muscle disorder that is associated with increased likeli-
hood of adverse outcomes including falls, fractures, physical
disability, and mortality’. Contrary to the initial EWGSOP
consensus,3 these new guidelines indicate low muscle
strength as a primary parameter, as it has proved to be stron-
ger than muscle mass in predicting adverse outcomes. Sar-
copenia diagnosis is then confirmed by the presence of low
muscle quantity and quality, and low physical performance
is then used to identify sarcopenia severity.4

The term undernutrition has also evolved and, based in
its aetiology, the International Guideline Consensus
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Committee proposed the following three sub-types: starva-
tion related, chronic disease-related and acute disease- or
injury-related.5 Regarding undernutrition assessment, the
Mini-Nutritional Assessment-Short Form (MNA-SF) has
been shown to be a rapid and reliable way of assessing
undernutrition and undernutrition risk in the commu-
nity.6,7 In 2012, a new term to define the occurrence of
both sarcopenia and undernutrition was suggested, the mal-
nutrition sarcopenia syndrome.8 This syndrome was
recently pointed out as a prognostic indicator for long-term
mortality in hospitalised older patients.9

Sarcopenia and undernutrition are both associated with
higher care costs10,11 and several adverse health outcomes,
namely poor quality of life,12,13 prolonged length of stay in
hospital11,14,15 and mortality.11,16,17 Routine undernutrition
identification is increasing in the clinical practice, but sar-
copenia remains poorly identified. To delineate the geriatric
assessment, it is essential to know if the same individuals
are at higher risk of both sarcopenia and undernutrition
and if these conditions share similar risk factors. Indeed, if
they share similar associated factors, this may be helpful to
choose the best strategy for their management among older
adults. As both conditions are preventable, early interven-
tion may promote healthier ageing by improving older
adults’ quality of life and health status. If these potentially
modifiable risk factors differ between sarcopenia and under-
nutrition, independent evaluation of each condition during
geriatric screening and assessment will be relevant. There-
fore, the purpose of the present study is to present the
results of sarcopenia frequency using the updated guide-
lines, to investigate the factors associated with sarcopenia
and undernutrition and also to evaluate coexistence of both
conditions among older adults.

Methods

Data from Nutrition UP 65 cross-sectional observational
study was used. A cluster sample of 1500 older adults aged
≥65 years, representative of the Portuguese older population
in terms of age, sex, education and regional area. In each
regional area, three or more town councils with >250
inhabitants were randomly selected, and potential
community-dwelling participants were contacted via home
approach, telephone or via institutions, such as town coun-
cils and parish centres. Individuals presenting any condition
that precluded the collection of venous blood samples or
urine (e.g. dementia or urinary incontinence) were not
included. Data collection took place between December
2015 and June 2016. Trained registered nutritionists
applied a structured questionnaire and collected all anthro-
pometric data. Besides demographic data, information
about lifestyle practices, self-perception of health status,
cognitive function and undernutrition status were gathered.
Demographic data, lifestyle practices, such as smoking and
alcohol consumption, and self-perception of health status
were self-reported and ascertained with questions from the
National Health Survey questionnaire.18 A full description

of the methods was published elsewhere.19 This manuscript
was prepared in accordance with the STROBE statement.

Anthropometric measurements: Anthropometric measure-
ments were collected following standard procedures.20

Intra- and inter-rater observer errors were calculated and
ranged from 0.05 to 0.34% and 0.19 to 1.48%, respec-
tively. Standing height was obtained with a calibrated
stadiometer (SECA 213, SECA GmbH, Hamburg, Germany)
with 0.1 cm resolution. Body weight (in kilograms) was
measured with a calibrated portable electronic scale (SECA
803, SECA GmbH) with 0.1 kg resolution, with the partici-
pants wearing light clothes. When it was not possible to
weigh a patient, for the same reasons that prevented stand-
ing height measurement, body weight was estimated from
mid-upper arm (MAMC) and calf circumferences.21 MAMC
and waist circumferences were measured with a metal tape
(Lufkin W606 PM, Lufkin, Sparks, MD, USA) with 0.1 cm
resolution. Triceps skinfold thickness was obtained using a
Holtain Tanner/Whitehouse (Holtain, Ltd., Crosswell, UK)
skinfold calliper, with 0.2 mm resolution. Muscle mass was
estimated, as suggested by Landi et al.,22 using MAMC, cal-
culated according to the formula suggested by Jelliffe.23

Muscle strength and function: A calibrated Jamar Plus+ Digital
Hand Dynamometer (Sammons Preston Inc., Bolingbrook,
IL, USA) was used to assess muscle strength. Non-
dominant hand grip strength (HGS) was measured with
individuals sitting in a chair without arm rest, with their
shoulders adducted, their elbows flexed 90� and their fore-
arms in neutral position, as recommended by the American
Society of Hand Therapists.24 Each participant performed
three measurements with a one-minute pause between
them, and the highest value was used for the analysis.
When the individual was unable to perform the measure-
ment with the non-dominant hand, the dominant hand
was used.

Gait speed was quantified over a distance of 4.6 m. Par-
ticipants were asked to walk at usual pace along an
unobstructed corridor and walking time in seconds was
recorded by a chronometer (School electronic stopwatch,
Dive049, Topgim, Portugal).

Sarcopenia status: Sarcopenia was identified using the
EWGSOP2 guidelines, as the presence of low muscle
strength measured by HGS, plus low muscle quantity and
quality.4 Low muscle strength was classified as grip strength
<16 kgf in women and <27 kgf in men,25 Low muscle quan-
tity and quality was classified as calf circumference
<31 cm,26 and also by MAMC <21.1 and 19.2 cm in men
and women, respectively.3,22 Sarcopenia severity was fur-
ther determined by low physical performance as measured
by usual gait speed.4 A gait speed of ≤0.8 m/second identi-
fied subjects with poorer physical performance.4

Of the 1500 older adults included, it was only possible
to assess sarcopenia using MAMC criterion in 1495,
because of missing data. Despite not being mentioned in
the updated consensus, MAMC criterion was mentioned
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previously as a measure to estimate muscle mass.3,22 There-
fore, sarcopenia frequency was also studied using this mea-
sure and the agreement between definitions.

Undernutrition status: The Portuguese version of the MNA-
SF was applied. The MNA-SF consists of six questions
targeting food intake, weight loss, physical and mental sta-
tus, and anthropometry through body mass index (BMI) or
calf circumference assessment. A participant scoring ≤7 out
of 14 points was classified as undernourished, one that
scores between 8 and 11 is at risk of undernutrition and
one scoring between 12 and 14 points was considered well-
nourished.27

Cognitive function: Cognitive performance was assessed with
the Portuguese version of the Mini-Mental State Examina-
tion (MMSE). Individuals were classified as cognitive
impaired using the following criteria: individuals with no
education, ≤15 points; 1–11 years of years of school com-
pleted, ≤22 points; and >11 years of school completed, ≤27
points.28

Physical activity: The short form of the International Physical
Activity Questionnaire was used to assess physical activ-
ity.29 Information regarding how much time the individuals
spent walking or hiking, sitting, in moderate and vigorous
activities, in the previous seven days, was collected. Low
physical activity was defined as <383 and <270 kcal/week,
for men and women, respectively.30

Body mass index: BMI was calculated as (weight (kg)/height2

(m)), and categories were defined according to World
Health Organization as underweight for BMI below
18.5 kg/m2, as normal weight for BMI between 18.5 and
24.9 kg/m2, as overweight for BMI between 25.0 and
29.9 kg/m2 and as obese for BMI of 30.0 kg/m2 or above.31

Because of the small number of underweight individuals
(n = 4), they were included in the reference group (normal
weight).The BMI categories suggested by Lipschitz were
also used for descriptive analysis.32

Ethics: This research was conducted according to the guide-
lines established by the Declaration of Helsinki and the
study protocol was approved by the ethics committee of
the ‘Department of “Ciências Sociais e Saúde (Social Sci-
ences and Health) from the Faculdade de Medicina da
Universidade do Porto” (PCEDCSS – FMUP 15/2015) and
by the Portuguese National Commission of Data Protection
(9427/2015)’. All study participants (or two representatives
if the participant was deemed to be cognitively impaired)
signed an informed consent form.

Statistical analyses: Descriptive analyses were conducted to
show the characteristics of the study sample according to
sarcopenia and undernutrition status. Results were
expressed as number of participants (percentage). Differ-
ences between the groups were evaluated using chi-square
test or Fisher’s exact test. Because of the low number of
undernourished individuals identified in this sample,

undernutrition and undernutrition risk were analysed as a
single group. Also, sarcopenic and severe sarcopenic indi-
viduals were included in same category (sarcopenia). Agree-
ment between sarcopenia definitions, using calf
circumference or MAMC to estimate muscle quantity and
quality, was evaluated through Cohen’s kappa coefficient
(κ), in 1495 older adults.

In order to handle missing data for the variables alcohol
consumption (n = 2), BMI (n = 4), marital status (n = 1) and
self-perception of health status (n = 4), multiple imputation
was performed using a Markov Chain Monte Carlo
approach, with five imputation data sets and 10 iterations.
Afterwards, bivariate and multivariate logistic regressions
were conducted using sarcopenia and undernutrition status
as dependent variables. Odds ratios (OR) with 95% confi-
dence intervals (CI) were calculated as measures of associa-
tion. Sex, age, residential status, regional area, educational
level, marital status, self-perception of health status,
smoking status, alcohol consumption, BMI classification,
physical activity level, sarcopenia (or undernutrition status)
and cognitive function were variables included in the
models.

Confidence intervals were defined at 95% and statistical
significance was set at a P < 0.05. All statistical analyses were
performed using IBM SPSS Statistics 23 (SPSS, Inc., an IBM
Company, Chicago, IL, USA).

Results

A total of 1500 individuals were included in the present
study. Women represented 58.1% of the sample and the
median age was 74 years (age range: 65–100 years). Using
the new algorithm released by EWGSOP2, a large propor-
tion (n = 538, 36%) of the sample had the primary parame-
ter of sarcopenia (low muscle strength). However,
considering the combined presence of low muscle strength
and low muscle quantity or quality, 4.4% (n = 66) were
identified with sarcopenia, of which 21 (1.4%) presented a
severe state.

When MAMC criterion was used, in a sub-sample of
1495 older adults, a slightly higher number (n = 93, 6.2%)
was identified with sarcopenia. Furthermore, when the
agreement between both approaches was explored, and a
fair agreement (k = 0.336; P < 0.001) was observed, as only
29 older adults (1.9%) were considered sarcopenic using
both calf circumference and MAMC criteria (Table S1,
Supporting Information).

The characteristics of the study participants regarding
sarcopenia and undernutrition status are displayed in
Table 1. Sarcopenic individuals were more likely to be
women (P = 0.028), over 75 years (P < 0.001), live in a care
home (P = 0.001), being single, divorced or widower
(P = 0.025), not drinking alcohol (P < 0.001), have a low
physical activity level (P = 0.005), placed in a lower BMI
category (P < 0.001), being undernourished or at undernu-
trition risk (P < 0.001) and cognitively impaired (P = 0.001).
When comparing not undernourished versus undernour-
ished or at undernutrition risk individuals, statistically
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Table 1 Characteristics of participants regarding sarcopenia and undernutrition status1

Not sarcopenic,
1434 (95.6)

Sarcopenia
66 (4.4) P-value

Not undernourished,
1259 (83.9)

Undernutrition risk/
Undernutrition,
241 (16.1) P-value

Sex
Women 825 (57.5) 47 (71.2) 0.0282 710 (56.4) 162 (67.2) 0.0022

Men 609 (42.5) 19 (28.8) 549 (43.6) 79 (32.8)
Age

65–75 years 831 (57.9) 22 (33.3) <0.0012 731 (58.1) 122 (50.6) 0.0332

>75 years 603 (42.1) 44 (66.7) 528 (41.9) 119 (49.4)
Regional area

North/Centre/Lisbon 1192 (83.1) 53 (80.3) 0.6713 1043 (82.8) 202 (83.8) 0.9292

Alentejo/Algarve 190 (13.2) 11 (16.7) 170 (13.5) 31 (12.9)
Madeira/Azores 52 (3.6) 2 (3.0) 46 (3.7) 8 (3.3)

Residence
Home 1371 (95.6) 57 (86.4) 0.0012 1206 (95.8) 222 (92.1) 0.0152

Care home 63 (4.4) 9 (13.6) 53 (4.2) 19 (7.9)
Education level

Without education 197 (13.7) 15 (22.7) 0.0932 164 (13.0) 48 (19.9) 0.0132

1–4 years 988 (68.9) 43 (65.2) 872 (69.3) 159 (66.0)
≥5 years 249 (17.4) 8 (12.1) 223 (17.7) 34 (14.1)

Marital status
Single/Divorced/Widower 753 (52.5) 44 (66.7) 0.0252 641 (51.0) 156 (64.7) <0.0012

Married/Common-law marriage 680 (47.5) 22 (33.3) 617 (49.0) 85 (35.3)
Self-perception of health status

Very good/Good 455 (31.8) 24 (36.4) 0.7392 429 (34.2) 50 (20.8) <0.0012

Fair 702 (49.1) 30 (45.5) 632 (50.3) 100 (41.7)
Poor/Very poor 273 (19.1) 12 (18.2) 195 (15.5) 90 (37.5)

Cognitive function
Not impaired 1346 (93.9) 55 (83.3) 0.0012 1189 (94.4) 212 (88.0) <0.0012

Impaired 88 (6.1) 11 (16.7) 70 (5.6) 29 (12.0)
Smoking status

Non-smoker 1372 (95.7) 60 (90.9) 0.0692 1204 (95.6) 228 (94.6) 0.4832

Smoker 62 (4.3) 6 (9.1) 55 (4.4) 13 (5.4)
Alcohol consumption

None 691 (48.3) 48 (72.7) <0.0013 595 (47.3) 144 (59.8) 0.0022

Moderate (W ≤ 1/day; M ≤ 2/day) 591 (41.3) 14 (21.2) 527 (41.9) 78 (32.4)
Excessive (W> 1/day; M > 2/day) 150 (10.5) 4 (6.1) 135 (10.7) 19 (7.9)

Physical activity
Not low 1192 (83.1) 46 (69.7) 0.0052 1069 (84.9) 169 (70.1) <0.0012

Low 242 (16.9) 20 (30.3) 190 (15.1) 72 (29.9)
BMI (WHO)

<25.0 kg/m2 214 (15.0) 38 (58.5) <0.0013 184 (14.6) 68 (28.5) <0.0012

25.0–29.9 kg/m2 636 (44.4) 25 (38.5) 578 (46.0) 83 (34.7)
>30.0 kg/m2 581 (40.6) 2 (3.1) 495 (39.4) 88 (36.8)

BMI (Lipschitz)
<22.0 kg/m2 44 (3.2) 15 (23.1) <0.0012 33 (2.7) 26 (11.4) <0.0012

22.0–27.0 kg/m2 367 (26.4) 38 (58.5) 337 (27.5) 68 (29.7)
>27.0 kg/m2 978 (70.4) 12 (18.5) 855 (69.8) 135 (59.0)

Undernutrition status
Not undernourished 1216 (84.8) 43 (65.2) <0.0012 — — —

Undernutrition risk/
Undernutrition

218 (15.2) 23 (34.8) — —

1Data before multiple imputation. Missing data: Marital status: n = 1 (0.1%), self-perception of health status: n = 4 (0.3%), alcohol consump-
tion: n = 2 (0.1%), BMI: n = 4 (0.3%).

2Chi-square test.
3 Fisher’s exact test.
BMI, body mass index; M, men; W, women; WHO, World Health Organization.
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significant differences were found for all study variables,
except for regional area (P = 0.929) and smoking status
(P = 0.483) (Table 1). Results characteristics of study partici-
pants according to sarcopenia using MAMC criterion are
displayed in Table S2.

The coexistence of sarcopenia and undernutrition status
is displayed in Figure 1. In this sample, sarcopenia and
undernutrition or undernutrition risk coexisted in 23 older
adults (1.5%). When MAMC criterion was used in sar-
copenia definition, coexistence was observed in 18 (1.2%)
of the 1495 individuals evaluated (data not shown).

The results of the bivariate and multivariate logistic
regression analyses after multiple imputation, regarding sar-
copenia and undernutrition or undernutrition risk, are
presented in Tables 2 and 3. In the adjusted model, sar-
copenia was directly associated with age >75 years (OR:
2.14; 95% CI: 1.19–3.84) and undernutrition or undernu-
trition risk (OR: 1.86; 95% CI: 1.01–3.43), and inversely
associated with male gender (OR: 0.52; 95% CI:
0.29–0.97), moderate alcohol consumption (OR: 0.47; 95%
CI: 0.24–0.90), BMI between 25.0 and 29.9 kg/m2 (OR:
0.24; 95% CI: 0.13–0.42) and BMI ≥30.0 kg/m2 (OR: 0.02;
95% CI: 0.01–0.09) (Table 2).

The results of multivariate logistic regression showed
that when MAMC was used to estimate muscle quantity
and quality, sarcopenia was directly associated with male
gender (OR: 1.92; 95% CI: 1.18–3.13), and age >75 years
(OR: 3.20; 95% CI: 1.94–5.29). Otherwise, it was inversely
associated with moderate alcohol consumption (OR: 0.42;
95% CI: 0.24–0.72), BMI between 25.0 and 29.9 kg/m2

(OR: 0.38; 95% CI: 0.24–0.62) and BMI ≥30.0 kg/m2 (OR:
0.03; 95% CI: 0.01–0.10) (Table S3).

Moreover, in the adjusted model, undernutrition or
undernutrition risk was significantly associated with poor
or very poor self-perception of their health status (OR:
3.53; 95% CI: 2.32–5.37), BMI between 25.0 and
29.9 kg/m2 (OR: 0.40; 95% CI: 0.27–0.59) and
≥30.0 kg/m2 (OR: 0.43; 95% CI: 0.28–0.65), a low physical
activity level (OR: 1.74; 95% CI: 1.23–2.47) and sarcopenia
(OR: 1.85; 95% CI: 1.02–3.36) (Table 3).

The results of the regression analyses showed that a
higher BMI was inversely associated with both sarcopenia
and undernutrition. Also, despite the low coexistence

between both conditions, a significant association between
sarcopenia and undernutrition was found.

Discussion

In the present study, it was shown that sarcopenia was
directly associated with age > 75 and undernutrition or
undernutrition risk and inversely associated with male gen-
der, moderate alcohol consumption and a higher BMI,
when calf circumference was used to estimate muscle qual-
ity and quantity. Results also revealed that older adults who
were undernourished or at undernutrition risk had
increased odds of having poor or very poor self-perception
of their health status, low physical activity level and sar-
copenia, and decreased odds of being overweight or obese.
The majority of the older adults included in the present
study presented low muscle strength, but only a small
number had concomitantly low muscle quantity or quality.

Nevertheless, it is important to advance with the possi-
bility that the use of these revised guidelines may identify a
larger number of individuals in which sarcopenia is proba-
ble, while a lower number of individuals are diagnosed as
sarcopenic. This is because of the fact that the sarcopenia
definition was updated (low physical performance is no
longer used to define sarcopenia, and is only used to clas-
sify its severity), but also because low muscle strength cut-
off points were also updated. Although anthropometric
measures are not recommended for sarcopenia diagnosis,4

it is important to recognise that this condition is a geriatric
disorder and the presence of medical devices and prothesis
is common among older adults, which calls into question
the use of the recommended methods to evaluate muscle
quantity and quality, and strengthens the use of alternative
measures in these cases, such as anthropometry.

In contrast to what was observed in the majority of the
studies included in a systematic review,33 gender was asso-
ciated with sarcopenia, nevertheless we have found contra-
dictory results depending on the method used to assess
muscle quantity and quality. On the other hand, age was
positively associated with sarcopenia status, corroborating
the results of previous studies that reported increasing prev-
alence of sarcopenia with increasing age.33 As observed in a
recent meta-analysis,34 a moderate alcohol intake was
inversely associated with sarcopenia. A possible explanation
could be that older adults who consume a moderate
amount of alcohol regularly may also have better overall
health.

Previously, BMI has been indicated as a strong predictor
of skeletal muscle mass in women and men.35 In agreement
with previous data, an inverse association between higher
BMI categories and sarcopenia was identified in the present
study, and this association was stronger for obesity. This
may be because of the fact that obese individuals, besides
the larger amount of fat mass can also have higher lean
mass, which can mask the inadequate muscle mass for their
size.36 As expected, a similar association was observed for
undernutrition or undernutrition risk, as a higher BMI was
associated with a lower risk. However, it is important to

Figure 1 Sarcopenia and undernutrition or undernutrition
risk coexistence.
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consider that BMI may be a suboptimal indicator of adipos-
ity among older adults, as body composition is altered dur-
ing ageing, where increased in adiposity levels and decrease
in muscle mass is observed.37

A systematic review based on longitudinal data, that
highlighted the risk factors for undernutrition in older
adults found that higher age, poor self-perception of
health status and cognitive decline were significantly
associated with undernutrition status.38 However, age
was not associated to a higher risk of undernutrition in
the present study. On the other hand, similar results
were found for self-perception of health status, which
are also in line with previous data in a small sample of
Portuguese older adults.39 In addition, in agreement
with previous data,40,41 undernutrition or undernutri-
tion risk was directly associated with low physical

activity, which is expected because mobility is evaluated
during undernutrition assessment.

The association between undernutrition status and frailty
has already been addressed;42 however, results concerning the
association between undernutrition and sarcopenia still need
to be further elucidated. Low handgrip strength has been
recognised as an indicator of both sarcopenia and undernutri-
tion status.3,43 While some research conducted in the commu-
nity revealed an association between sarcopenia and
undernutrition,44–48 this was only partially confirmed in the
present study. A systematic review which intended to gather
the results regarding this association, found a high heterogene-
ity between the criteria used to diagnose these conditions,
which made it difficult to draw conclusions.48 Supporting this,
in the present study, association between sarcopenia and
undernutrition or undernutrition risk was only found when

Table 2 Results from the bivariate and multivariate logistic regression analysis, regarding sarcopenia status

Sarcopenia

Unadjusted Adjusted

OR (95% CI) P-value OR (95% CI) P-value

Sex
Women 1 1
Men 0.55 (0.32–0.94) 0.030 0.52 (0.29–0.97) 0.038

Age
65–75 years 1 1
>75 years 2.76 (1.64–4.65) <0.001 2.14 (1.19–3.84) 0.011

Regional area
North/Centre/Lisbon 1 1
Alentejo/Algarve 1.35 (0.69–2.64) 0.380 1.25 (0.59–2.63) 0.566
Madeira/Azores 0.90 (0.21–3.78) 0.882 1.22 (0.27–5.51) 0.800

Education level
Without education 1 1
1–4 years 0.57 (0.31–1.05) 0.071 0.68 (0.34–1.35) 0.268
≥5 years 0.42 (0.18–1.02) 0.054 0.49 (0.18–1.30) 0.153

Marital status
Single/Divorced/Widower 1 1
Married/Common-law marriage 0.55 (0.33–0.93) 0.026 0.99 (0.54–1.82) 0.984

Self-perception of health status
Very good/Good 1 1
Fair 0.81 (0.47–1.40) 0.450 0.73 (0.40–1.34) 0.311
Poor/Very poor 0.83 (0.41–1.69) 0.611 0.52 (0.23–1.16) 0.110

Alcohol consumption
None 1 1
Moderate (W ≤ 1/day; M ≤ 2/day) 0.35 (0.19–0.65) 0.001 0.47 (0.24–0.90) 0.024
Excessive (W> 1/day; M > 2/day) 0.40 (0.14–1.12) 0.081 0.75 (0.24–2.31) 0.610

Physical activity
Not low 1 1
Low 2.14 (1.24–3.69) 0.006 1.71 (0.92–3.18) 0.093

BMI (WHO)
<25.0 kg/m2 1 1
25.0–29.9 kg/m2 0.23 (0.13–0.39) <0.001 0.24 (0.13–0.42) <0.001
>30.0 kg/m2 0.02 (0.01–0.08) <0.001 0.02 (0.01–0.09) <0.001

Undernutrition status
Not undernourished 1 1
Undernutrition risk/Undernutrition 2.98 (1.76–5.05) <0.001 1.86 (1.01–3.43) 0.046

BMI, body mass index; CI, confidence interval; M, men; OR, odds ratio; W, women; WHO, World Health Organization.
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calf circumference was used to estimate muscle quantity and
quality. This may be because of the fact that calf circumference
can also be used as criterion to evaluate undernutrition status
in MNA-SF, when BMI is unavailable. Therefore, it is impor-
tant to acknowledge that this association is highly dependent
on the chosen diagnostic criteria.

Nevertheless, only 1.5% of the older adults were identi-
fied with both sarcopenia and undernutrition. Compared
with previous data from individuals of day care centre
facilities,49 a lower coexistence was found in the present

study (6.8 vs 1.5%), however a higher frequency of sar-
copenia and undernutrition was also previously observed in
older adults from day care centre facilities.49 The low coex-
istence observed here is an important finding and suggests
that sarcopenia and undernutrition are not interchangeable
conditions.

Moreover, when we compare the factors associated with
both conditions, only overweight and obesity were identi-
fied. All this reinforces the need to identify both conditions
when assessing nutritional status in the geriatric care.

Table 3 Results from the bivariate and multivariate logistic regression analysis, regarding undernutrition status

Undernutrition risk/Undernutrition

Unadjusted Adjusted

OR (95% CI) P-value OR (95% CI) P-value

Sex
Women 1 1
Men 0.63 (0.47–0.84) 0.002 0.78 (0.56–1.09) 0.151

Age
65–75 years 1 1
>75 years 1.35 (1.02–1.78) 0.033 0.86 (0.62–1.18) 0.351

Residence
Home 1 1
Care home 1.95 (1.13–3.35) 0.016 1.23 (0.68–2.24) 0.499

Education level
Without education 1 1
1–4 years 0.62 (0.43–0.90) 0.011 0.76 (0.51–1.13) 0.174
≥5 years 0.52 (0.32–0.85) 0.008 0.77 (0.45–1.33) 0.352

Marital status
Single/Divorced/Widower 1 1
Married/Common-law marriage 0.57 (0.43–0.75) <0.001 0.75 (0.54–1.04) 0.084

Self-perception of health status
Very good/Good 1 1
Fair 1.36 (0.95–1.95) 0.093 1.38 (0.95–2.02) 0.093
Poor/Very poor 3.96 (2.69–5.82) <0.001 3.53 (2.32–5.37) <0.001

Cognitive function
Not impaired 1 1
Impaired 2.32 (1.47–3.67) <0.001 1.62 (0.98–2.69) 0.061

Smoking status
Non-smoker 1 1
Smoker 1.25 (0.67–2.32) 0.484 1.10 (0.54–2.24) 0.787

Alcohol consumption
None 1 1
Moderate (W ≤ 1/day; M ≤ 2/day) 0.61 (0.45–0.83) 0.001 0.93 (0.67–1.31) 0.688
Excessive (W> 1/day; M > 2/day) 0.58 (0.35–0.97) 0.038 1.07 (0.61–1.88) 0.814

Physical Activity
Not low 1 1
Low 2.40 (1.75–3.29) <0.001 1.74 (1.23–2.47) 0.002

BMI (WHO)
<25.0 kg/m2 1 1
25.0–29.9 kg/m2 0.39 (0.27–0.56) <0.001 0.40 (0.27–0.59) <0.001
>30.0 kg/m2 0.48 (0.34–0.69) <0.001 0.43 (0.28–0.65) <0.001

Sarcopenia status
Not sarcopenic 1 1
sarcopenia 2.98 (1.76–5.05) <0.001 1.85 (1.02–3.36) 0.043

BMI, body mass index; CI, confidence interval; M, men; OR, odds ratio; W, women; WHO, World Health Organization.
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The present study has several strengths and some limita-
tions. It is the first to explore the associated factors of sar-
copenia and undernutrition in the same older adult
population. In addition, sarcopenia was defined according
to the new revised EWGSOP2 definition and undernutri-
tion status was evaluated using MNA-SF, which is a reliable
tool to assess nutritional status.6,7 The present study has
the limitation inherent to a cross-sectional design, therefore
we were unable to determine cause–effect relationships.
Second, muscle mass was evaluated using calf circumfer-
ence and MAMC over dual-energy X-ray absorptiometry,
recommended by the EWGSOP2, which could underesti-
mate sarcopenia frequency. Third, during gait speed evalua-
tion, a distance of 4.6m was used, instead of 4m suggested
by EWGSOP2. Although the velocity would theoretically be
the same, we cannot exclude the possibility that this longer
distance can result in slightly slower or faster walking
speeds, and therefore influence the frequency of sarcopenia
severity. Also, the low number of sarcopenic and under-
nourished individuals in this sample may hinder the exis-
tence of possible associations.

In conclusion, the majority of the older adults included
in the present study presented low muscle strength (proba-
ble sarcopenia), but only a small number had concomi-
tantly low muscle quantity or quality (sarcopenia). Also, the
present study shows that a higher BMI is inversely associ-
ated with both sarcopenia and undernutrition. Plus, an
association between sarcopenia and undernutrition was
only found when calf circumference was used to estimate
muscle quantity and quality, not MAMC. However, the
coexistence between these conditions is low which rein-
forces the need to assess them both individually during
geriatric assessment.
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Abstract
Aim: The present study aimed to identify variables associated with sarcopenia in cirrhotic outpatients using clinical
data, anthropometric measures and lab tests. In a single centre prospective study, 261 cirrhotic outpatients were fol-
lowed on average for 2 years. The diagnostic criteria of sarcopenia were applied according to the current guidelines,
combining muscle strength and appendicular muscle mass index.
Methods: Age, sex, liver disease aetiology and the Model of End-Stage Liver Disease score were included as inde-
pendent variables, as well as mid-arm circumference (MAC), body mass index and triceps skinfold. Multiple logistic
regression was applied including all independent variables (maximum model). Then, the analysis was performed
only with the variables that were significant in the first analysis (parsimonious model). Once the variable most
related to sarcopenia was determined by the two models, the area under the receiver operator characteristic curve
was calculated. Mortality rates were described for patients with and without sarcopenia.
Results: Sarcopenia was diagnosed in 14 subjects (5.36%), and the variable best associated with sarcopenia was
MAC (P < 0.01). The 1-year mortality rate of 35.71% found among subjects with sarcopenia was not significantly
higher (P = 0.07) than the 15.38% observed among those without this condition.
Conclusions: Before examinations requiring ionising radiation, patients with cirrhosis can be submitted to simple
screening tools to identify those who have a high risk of sarcopenia, thus promoting a cost-effective assessment.

Key words: body composition, chronic disease management, nutrition screening, nutritional status.

Introduction

For the non-cirrhotic population, the current definitions of
sarcopenia require the presence of both muscle wasting and
reduced strength.1,2 Although cirrhosis is a well-known risk
factor for sarcopenia, there is not a specific guideline on
this issue applicable to patients with chronic liver disease,
so most studies in cirrhotic populations have used only
muscle wasting for sarcopenia diagnosis.3–9 Despite affect-
ing as much as 40–45% of cirrhotic patients waiting for
liver transplantation, in whom sarcopenia is associated with

poor outcomes,10–12 the prevalence and the effects of this
condition among outpatients without advanced disease are
not well known.13,14 Protein catabolism and amino acid
expenditure are high in liver cirrhosis, leading to loss of
muscle mass and physical performance, thus increasing the
risk for sarcopenia.8,9,15 Despite the possibility of liver
transplantation, many patients with chronic liver insuffi-
ciency are not submitted to a definite treatment and
develop sarcopenia, which can be associated with the risk
of other complications such as hepatic encephalopathy,
ascites and infections.3,16,17

Unfortunately, sarcopenia can be diagnosed only when
these patients meet diagnostic criteria established from
complex examinations often associated with high cost,
ionising radiation exposure and patients’ transportation to
the equipment room, thus precluding their usage during
routine outpatient appointments. Computed tomography
(CT) and dual energy X ray absorptiometry (DXA) are the
gold-standard methods to diagnose sarcopenia and their
results have a strong impact on outcome, but the correla-
tion between them are not as high as expected. A previous
study showed through analysing the prevalence of muscle
wasting in cirrhotic patients on liver transplantation lists,
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that 76% of subjects had muscle depletion by skeletal mus-
cle index (SMI) obtained by CT. However, sarcopenia diag-
nosed by DXA was present in 42% and 52% of the same
patients by means of the appendicular muscle mass index
(AMMI) and fat free mass index, respectively. The authors
pointed out that the indexes obtained from CT and DXA
are calculated from measures of different muscles, and they
used a CT cut-off derived from obese patients with neopla-
sia because of the lack of validated cut-off values for CT
examinations in this population.7

Therefore, the aim of the present study was to find the best
predictors of sarcopenia in outpatients with liver cirrhosis
using clinical data and anthropometric measures that can be
easily applied, leading to a higher degree of awareness about
the risk of sarcopenia in this population. Mortality rates in
patients with and without sarcopenia were also registered.

Methods

This single centre prospective study was approved by the
Comitê de Ética em Pesquisa Ethics Committee (protocol
number 4403/12) and carried out according to the Declara-
tion of Helsinki and its revisions. The trial registration
number and the official institutional review board is
REBEC/RBR-76pm35. Informed consent was obtained from
the subjects prior to their inclusion.

The inclusion criteria were minimal age of 18 years and
the presence of cirrhosis (histologically proven or confirmed
by clinical, endoscopic and radiological findings showing
signs of portal hypertension). The exclusion criteria were the
presence of at least one of the following: acquired immuno-
deficiency, current alcohol abuse, kidney insufficiency, neo-
plastic disease, pregnancy and solid organ transplantation.
Initially, 372 outpatients were recruited in the Hepatology
unit where the study was performed, but 111 of them were
excluded (45 declined to participate, 39 did not complete
the examinations, 16 died and 11 presented exclusion cri-
teria). Hence, 261 individuals were submitted to the study
protocol, which included clinical evaluation, nutritional
assessment, lab tests and DXA. They were followed for
2 years (�1.33). Clinical evaluation focused on common cir-
rhosis complications, grading the patients with ascites and
hepatic encephalopathy according to the specific guidelines
on these complications.18,19 Lab tests were measured from
venous blood samples and consisted of albumin, creatinine,
international normalised ratio and total bilirubin. All mea-
surements were obtained at one timepoint only, during a
scheduled research visit, by the same observer (L.A.A.S.).

Anthropometric evaluation was performed according to a
strict protocol, which consisted of measuring weight, height,
mid-arm circumference (MAC) and triceps skinfold (TSF).
Height and weight measurements were acquired on a stadi-
ometer coupled with a decimal scale platform (Filizola ID
1500, São Paulo, Brazil). The weight values were adjusted
according to the presence of ascites and/or oedema as
recommended.20 The body mass index (BMI) was obtained
by calculating the dry weight divided by the square of the
height.

To measure the MAC, the subject was kept standing and
the non-dominant arm was flexed at a 90� angle with the
hand in supinated position, when the point between the acro-
minum and the olecran was found. Then, the arm was
extended with the palm facing the body and the tape was used
to measure the MAC without compressing the skin. At the
same point, the skinfold containing the skin and the adipose
tissue was pinched between the first and the second fingers of
the researcher and measured with the skin fold calliper
(Lange, Michigan, USA) set-up at a 90� angle. MAC and TSF
were obtained using tape measure and skin fold calliper
(Lange), respectively, according to prior descriptions.21,22

A mechanical dynamometer (Saehan Corporation, Dangjin,
South Korea) was employed to measure the handgrip strength
(HGS) of the non-dominant hand, while encouraging each
subject to make the maximum effort during three tests, applied
with the patient seated and the forearm flexed from the elbow
at a 90� angle. The highest value out of these tests was regis-
tered, separating each of them by 30 seconds of resting.23

All subjects were submitted to the DXA examination
(Discovery QDR Hologic Inc., Massachusetts, USA) to
quantify their lean mass. The AMMI was calculated by
dividing the skeletal muscle mass of the four limbs by the
square of the height.24 Therefore, sarcopenia was estab-
lished in subjects who had AMMI and HGS lower than the
cut-off points given in the current guidelines (AMMI lower
than 7.26 kg/m2 for men or lower than 5.45 kg/m2 for
women and HGS lower than 30 kg for men or lower than
20 kg for women).1 The sample was followed for 2 years in
order to register the subjects’ mortality.

Considering a significance level of 0.05, simple random
sampling, estimated sensitivity and specificity of the inde-
pendent variables as 0.95, error probability as 10% and sar-
copenia prevalence as 10% according to a prior study of a
similar population,11 the required sample size was esti-
mated as 182 subjects.

Logistic regression analysis was used to evaluate the rela-
tionship between sarcopenia and the aforementioned vari-
ables. First, all the variables with possible clinical
significance were included, according to the principle of
plenitude.25 After this initial analysis, only the significant
variables were evaluated in a second analysis, according to
the principle of parsimony.25 A relevant advantage of these
models is that they avoid the usage of univariate analysis,
which is based on the principle that the relationship
between the dependent variable and each independent vari-
able could be set apart of the effect from the others. Once
the variable related to sarcopenia was determined, the area
under the receiver operator characteristic curve (AUROC)
was calculated, finding the cut-off values with the best sen-
sitivity and specificity. The software IBM SPSS Statistics for
Windows, version 21.0 (IBM Corp., Armonk, NY, USA)
was employed to perform the statistical analysis.

Results

As the study was performed during outpatient medical
appointments, most subjects had low MELD scores. Even
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so, 14 individuals (5.36%) had sarcopenia (Table 1). Most
subjects were men and had hepatitis C. Of note, 26% of
the sample reported previous alcohol addiction
(Appendix I).

According to the logistic regression analysis including all
the aforementioned independent variables (maximum
model), only MAC was associated with the presence of sar-
copenia (Table 2). A further logistic regression analysis

(parsimonious model) was carried out including only the
variables associated with sarcopenia (P ≤ 0.20) in the maxi-
mum model. Again, only MAC was significantly associated
with sarcopenia (Table 2). The MAC values in the total
sample were 32.06 � 4.55 cm (32.55 � 5.10 cm for
women and 31.75 � 4.15 cm for men). In contrast, the
values obtained from subjects with sarcopenia were
25.82 � 2.02 cm, showing a severe reduction of this mea-
sure among sarcopenia patients.

Figure 1 displays the calculated AUROC for MAC as a
predictor of sarcopenia according to the logistic regression
analysis. Table 3 shows the cut-off points of MAC for each
gender, with the respective odds ratios, confidence inter-
vals, cut-off points and P-values.

During 1 year of follow up, 5 out of 14 subjects with sar-
copenia and 38 out of 247 without this condition died. The
mortality rates among subjects with sarcopenia and non-
sarcopenic individuals were 35.71% and 15.38%, respec-
tively, with no statistical difference between them (P = 0.07).

Discussion

While sarcopenia is a well-known predictor of poor prog-
nosis in cirrhosis, most studies on this condition assessed
patients who already had advanced liver disease and/or
hepatocellular carcinoma.3–5 Montano-Loza et al.3 stated
that sarcopenia was associated with higher Child-Pugh
scores and complications compatible with severe liver dis-
ease. On the other hand, Hayashi et al.17 reported a preva-
lence of 10% in patients with compensated cirrhosis
because of viral hepatitis. As the majority of the sample
evaluated in the present study did not have advanced liver
disease, the prevalence found was similar to that observed
in patients with low Child-Pugh and MELD scores, showing
that sarcopenia can be an early finding in outpatients with
cirrhosis. Moreover, it cannot be overlooked, because the
mortality rates of sarcopenic subjects were high in prior
studies.3,4,6

Muscle mass depletion can be diagnosed by DXA, bioim-
pedance analysing or CT, but only the cut-offs provided by
DXA are presented in the current guidelines.1 Indeed, low
radiation exposure during DXA examinations is considered
an advantage in comparison with abdominal CT. In theory,
significant fluid imbalance could also affect DXA results,
thus precluding the use of this examination to evaluate the
presence of sarcopenia in patients with ascites. However,
the results of a recent study showed that the presence of
ascites did not affect the DXA results.26 Thus, the findings
obtained in this current study show that appendicular mus-
cle mass obtained by DXA in patients with cirrhosis can be
meaningful for clinical practice purposes, because of the dif-
ference found in mortality rates. If ascites and oedema are a
concern, DXA could be combined with other methods,
such as anthropometry.27

Anthropometric evaluation is a useful means for assessing
body composition in patients stricken by liver cirrhosis. In the
sample assessed, MAC was associated with sarcopenia in both
maximum and parsimonious models. Giusto et al.7 performed

Table 1 Baseline characteristics of the 261 subjects

Characteristics Values

Male/female, n (%) 161/100
(61.69%/38.31%)

Age (years) 57.00 (51.75–63.00)
Model of End-Stage Liver

Disease
9.82 (7.79–12.07)

Smokers, n (%) 53.00 (20.30%)
Ascites 23 (8.81%)
Hepatic encephalopathy, n (%) 31 (11.88%)
Sarcopenia, n (%) 14 (5.36%)
Obese, n (%) 95 (36.39%)
Sarcopenic obese, n (%) 1 (0.38%)
Body mass index1 28.55 � 4.59
Mid-arm circumference1 32.05 � 4.55
Triceps skinfold 22.00 (15.75–30.00)
Handgrip strength 29.00 (21.00–38.25)
Albumin 3.90 (3.20–4.32)
Total bilirubin 1.20 (0.80–1.80)
Creatinine 0.80 (0.70–0.90)
International normalised ratio 1.19 (1.09–1.34)

1 Body mass index and mid-arm circumference values are shown
by mean � SD whereas the other variables are shown by median
and 1st–3rd quartiles or by absolute and percental numbers.

Table 2 Logistic regression analysis showing the associa-
tions between sarcopenia and all the independent variables

Variable Odds ratio (95% CI) P-value

Maximum model
Alcoholic liver disease 3.18 (0.35–28.48) 0.30
Mid-arm circumference 0.50 (0.29–0.86) 0.01*
Albumin 0.68 (0.22–2.12) 0.50
Age 0.99 (0.92–1.06) 0.78
Ascites 0.38 (0.05–3.04) 0.36
BMI 0.91 (0.64–1.28) 0.58
Hepatic encephalopathy 3.25 (0.53–19.93) 0.20*
MELD 0.78 (0.57–1.08) 0.13*
Sex 2.48 (0.36–17.20) 0.36
Smoking 2.32 (0.51–10.43) 0.27
Triceps skinfold 1.17 (1.00–1.38) 0.06
Viral hepatitis 0.92 (0.16–5.42) 0.92

Parsimonious model
Mid-arm circumference 0.57 (0.43–0.75) <0.01*
MELD 0.87 (0.70–1.07) 0.20
Triceps skinfold 1.07 (0.96–1.20) 0.21

BMI, body mass index; MELD, Model of End-Stage Liver Disease.
*Statistically significant.
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another interesting study on sarcopenia diagnosis among
patients with advanced liver cirrhosis waiting for liver trans-
plantation. The authors showed that the fat-free mass index
and appendicular SMI given by DXA examinations were asso-
ciated with the L3 SMI obtained from CT scans. Although
they did not find an association between MAC and L3 SMI,
mid-arm muscle circumference (MAMC) was significantly
associated with CT findings in men. It is worth mentioning
that most subjects of the previous work had sarcopenia and
decompensated cirrhosis, in contrast to the data observed in
this current study.

Another study performed by Tandon et al. investigated
whether thigh muscle thickness (measured by ultrasonogra-
phy), anthropometric measures, lab tests and subjective global
assessment could be associated with severe muscle loss identi-
fied by the lumbar SMI measured by CT or magnetic reso-
nance imaging in 159 outpatients with liver cirrhosis, of
whom 22% had ascites. In spite of some differences, the sub-
jects had characteristics similar to the sample evaluated in this
current study in relation to liver disease severity. In the prior
study, univariate and multivariate logistical regressions were
performed separately for men and women. For men (n = 89),
the variables most associated with sarcopenia were MAC,
BMI, Child-Pugh score, HGS, MAMC and thigh muscle
indexes. For women (n = 70), significant associations were
found with MAC, BMI, MAMC and one of the thigh muscle
indexes. In multivariate logistic regression, the significant var-
iables for both sexes were only the non-corrected BMI and
one of the thigh muscle indexes.28 It should be pointed out
that even when sarcopenia is diagnosed by measuring axial

muscles in cross-sectional examinations, some anthropomet-
ric data such as MAC, BMI and MAMC can be valuable for
identifying patients with sarcopenia.

Compared to BMI, body circumferences and skinfolds are
less affected by the fluid imbalance caused by liver cirrhosis,
and thus may be more suitable indicators in cases of ascites
and oedema. According to many studies, MAC, corrected
arm muscle area (CAMA), TSF and MAMC are good mea-
sures to assess body composition in cirrhotic patients.27–32

The relationship among these measures is obvious because
MAMC and CAMA are obtained from MAC and TSF. There-
fore, the finding that low MAC is associated with sarcopenia
diagnosed by DXA is not only plausible but also useful,
because MAC is directly measured in this population without
expensive equipment or further corrections.

In prior studies published by our group, as well as by
other authors, hepatic encephalopathy manifestations were
more evident in patients with muscle depletion diagnosed
by MAMC and/or in those with reduced HGS.33,34 Despite
the role of skeletal muscle in ammonia metabolism in the
context of liver diseases and the subsequent impact of mus-
cle loss on hepatic encephalopathy, few studies have evalu-
ated the link between this complication and the presence of
sarcopenia. An interesting study showed that a low fat-free
mass index and low haemoglobin levels were predictors of
hepatic encephalopathy among patients waiting for liver
transplantation.35 The cut-off points presented in the recent
guidelines were not available when this prior study was
published, and the findings were obtained from patients
with advanced liver disease.

Figure 1 Area under the receiver operator characteristic curve of arm circumference as a predictor of sarcopenia for each
gender (left, women; right, men).

Table 3 Analysis of the association between sarcopenia and arm circumference

Gender AUROC (95% CI) P-value Cut-off Sensitivity (%) Specificity (%)

Women 0.938 (0.88–0.99) 0.001* 26.7 80 87
Men 0.902 (0.84–096) <0.001* 27.7 77 87

The respective AUROC, CIs, cut-off points and P-values are shown for each gender. AUROC, area under the receiver operator characteristic
curve.
*Statistically significant.
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Studies using CT to diagnose sarcopenia have shown a
significant association between this condition and poor out-
comes. In the study of Tandon et al., sarcopenia was pre-
sent in half of the subjects and was associated with survival
rates of 63%, 51% and 51% at 1, 2 and 3 years, respec-
tively, whereas non-sarcopenic patients achieved survival of
79%, 74% and 70%.4 Montano-Loza et al.3 reported that
this condition was found in 40% of the subjects enrolled
and reported a 1-year probability of survival of 53% and
83% in sarcopenic and non-sarcopenic individuals, but
fewer patients were followed. Kim et al.6 established a cut-
off of 14 mm/m for the right psoas muscle thickness mea-
surement divided by height, obtaining 1- and 2-year mor-
tality rates of 2.6% and 15.2% for patients above that value
and 41.6% and 66.8% for those below it.

Nevertheless, the data obtained from this current study
added new information on this matter. In the sample,
11.88% of subjects presented overt hepatic encephalopathy.
Even in patients with cirrhosis and low MELD scores, liver
conversion of ammonia into urea can be insufficient, partic-
ularly in patients with portosystemic shunts. While the
patient is not stricken by significant muscle loss, the con-
version of ammonia to glutamine could be done predomi-
nantly in skeletal muscles, decreasing the rate of this
conversion in the brain, where it causes astrocyte oedema
and hepatic encephalopathy.27

The sample evaluated in the present study had a high
proportion of obese patients (95 out of 261). Obesity has
been linked to deleterious effects on patients stricken by
liver cirrhosis, regardless of liver disease aetiology. In this
current study, only one sarcopenic subject had sarcopenic
obesity according to the established criteria.36 A prior study
showed that obese patients with compensated cirrhosis
were more prone to suffer disease decompensation.37 More-
over, a clinical trial found that 16 weeks of diet and exer-
cises promoted weight and portal pressure reduction in
overweight and obese cirrhotic patients.38 Future studies
should investigate the role of sarcopenia among obese
patients with liver cirrhosis, because obesity prevalence has
increased in this population.

The sensitivity and specificity of MAC were similar to
values obtained using more expensive predictors. A recent
study evaluating the role of psoas muscle thickness as a
function of height as a sarcopenia predictor in liver cirrho-
sis found sensitivity and specificity of 65.3% and 76.3% for
men and 31.2% and 90.6% for women, respectively.39 It
should be emphasised that the measure proposed was
obtained through ionising radiation examinations. In
another study aiming to identify sarcopenia predictors by
applying ultrasound-based measurements of peripheral
muscle mass combined with BMI, the model had sensitivity
and specificity of 72% and 78% for men and 94% and 76%
for women, respectively.28

A limitation of the study was the low prevalence of sar-
copenia in the sample, which was lower than in similar
works and cannot be explained by the current data. On the
other hand, some advantages can be noted. First, the num-
ber of patients included was significantly higher than the

sample size calculated before. Second, the logistic regression
models allow avoiding the usage of univariate analysis,
which is based on the principle that the relationship
between the dependent variable and each independent vari-
able could be set apart of the effect from the other ones.
Thus, the results were in agreement to other similar studies,
showing which anthropometric measures are important and
adding cut-off points that can be easily applied in clinical
practice.

In conclusion, the results presented in the present study
show that simple clinical information such as a bedside
measure can be used as a screening tool to select which
patients deserve a better assessment of body composition to
diagnose sarcopenia as soon as possible. Likewise, the asso-
ciations between sarcopenia, hepatic encephalopathy and
anthropometric measures provide new information on the
role of skeletal muscle in liver disease.
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APPENDIX I

Causes of liver cirrhosis in the sample (values are expressed as n (%))

Hepatitis C 129 (49.43%)
Alcohol addiction 53 (20.31%)
Non-alcoholic steatohepatitis 21 (8.05%)
Autoimmune hepatitis 14 (5.36%)
Hepatitis B 14 (5.36%)
Alcohol + non-alcoholic steatohepatitis 7 (2.68%)
Alcohol + C hepatitis 5 (1.92%)
Cryptogenic 5 (1.92%)
Secondary biliary cirrhosis 4 (1.53%)
Autoimmune hepatitis + primary biliary cirrhosis 2 (0.77%)
Alcohol + hepatitis B 1 (0.38%)
Alcohol + primary biliary cirrhosis 1 (0.38%)
Alcohol + alpha-1 antitrypsin deficiency 1 (0.38%)
Non-alcoholic steatohepatitis + drug-induced liver disease 1 (0.38%)
Hepatitis B and C 1 (0.38%)
Progressive familial intrahepatic cholestasis 1 (0.38%)
Hemochromatosis 1 (0.38%)

Anthropometry and sarcopenia in liver cirrhosis
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Abstract
Aim: To define and quantify hospital-acquired malnutrition, including the concept of preventable and non-preventable
malnutrition; and identify the main causes of preventable malnutrition. Furthermore, demonstrate potential cost-
savings for a quaternary hospital in Sydney (Australia) if a theoretical model of preventable malnutrition was applied to
the penalties associated with hospital-acquired malnutrition, compared to the current government framework.
Methods: A retrospective audit was conducted on electronic medical records reassessing cases of hospital-acquired
malnutrition previously identified by dietitians or medical coders. Costs were calculated using the Independent Hos-
pital Pricing Authority’s (IHPA) pricing principles for hospital-acquired complications (version 3, 2018).
Results: Twenty-three patients of 15 419 admissions were identified with hospital-acquired malnutrition in the
3-month study period. Sixteen cases (70%) were classified as preventable, two cases (9%) were classified as non-pre-
ventable, and five cases were non-hospital-acquired cases of malnutrition. Under the IHPA proposed costing model,
total cost of all hospital-acquired malnutrition to the hospital is estimated to be $162 600 over 3 months. The theo-
retical model of preventable malnutrition resulted in a cost penalty of only $98 600, which is a hospital cost-saving
of $64 000 (or 40% of the overall penalty) when compared to the current government framework.
Conclusions: The majority of hospital-acquired malnutrition cases were found to have a preventable component. It
is proposed that a costing model that penalises hospitals for only preventable hospital-acquired malnutrition be con-
sidered, which would permit hospitals to focus on addressing preventable (and thus actionable) causes of hospital-
acquired malnutrition with not only potential health benefits to patients but cost-savings to hospitals.

Key words: cost analysis, clinical coding, documentation, hospital-acquired malnutrition, non-preventable,
preventable.

Introduction

Malnutrition continues to be widespread not only in
Australia, but also internationally.1 The prevalence of malnu-
trition in Australian hospitals has been reported to range
from 10 to 50%2–6 among adults depending on the diagnos-
tic criteria used.7–9 There are multiple reasons for this high
prevalence. Malnutrition predisposes individuals to condi-
tions that can lead to hospital admission. Illness and

inflammation cause metabolic changes which promote
catabolism and lead to malnutrition. And nutritional status
can be further compromised by the effects of procedures
and treatments within the hospital environment. In the liter-
ature, the term ‘hospital malnutrition’ tends to be used inter-
changeably with ‘hospital-acquired malnutrition’. Within
Australia, administrative (hospital) data currently available
does not distinguish whether the cause of malnutrition origi-
nated from a hospital stay or the patient was malnourished
on admission to hospital. The lack of a standard definition
and criteria set for malnutrition adds further complexity to
addressing this issue with the hospital data.8–11

For the purposes of this study, malnutrition refers to
hospital-acquired malnutrition. This encompasses any
decline in nutritional status that occurs during a patient’s
stay in hospital, regardless of whether they were malnour-
ished on admission or not.12 While there are many different
guidelines that outline and define malnutrition, the Interna-
tional Consensus Guideline Committee in 2010 proposed a
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classification system emphasising the importance of malnu-
trition aetiology, as it dictates the type and effectiveness of
nutrition interventions.10 In particular, the catabolism-
promoting effects of inflammation are highlighted.

Under this 2010 system, malnutrition may be classi-
fied10 as:
1. Starvation-related malnutrition: absence of inflammation
2. Chronic disease-related malnutrition: presence of mild or

moderate chronic inflammation
3. Acute disease or injury-related malnutrition: presence of

severe acute inflammation
Where malnutrition is starvation-related, it can be man-

aged and resolved by nutrition interventions alone10 in con-
trast with disease-related malnutrition, where injury or
inflammation is contributing to the compromised nutri-
tional status.10,11 For example, an increased catabolic state
occurring due to a disease-state or post-operative surgical
complications may cause malnutrition.13 For such cases,
adequate nutrition alone may not necessarily prevent or
resolve the malnutrition, because metabolic alterations dur-
ing the acute phase response affect the patient’s ability to
utilise nutrition support. The patient will require a combi-
nation of nutrition intervention and treatment to alleviate
the inflammation or injury associated with the underlying
medical condition10,11 and the patient may still experience
malnutrition despite receiving optimal nutrition.

Based on this notion, two concepts regarding hospital-
acquired malnutrition will be applied in this paper:
1. Preventable hospital-acquired malnutrition defined as:

a) decline in nutritional status AND absence of injury
or inflammation (starvation-related malnutrition)OR

b) decline in nutritional status AND presence of injury
or inflammation AND has received inadequate nutri-
tion for the condition (disease-related malnutrition)

2. Non-preventable hospital-acquired malnutrition defined as:
a) decline in nutritional status AND presence of injury

or inflammation AND has received adequate nutri-
tion for the condition (disease-related malnutrition).

More accurate documentation of malnutrition in the
medical records may increase the funding hospitals
receive,3,4 because it allows medical coders to identify com-
plications that attract additional funding. As malnutrition is
associated with increased length of stay, increased compli-
cations, increased risk of infection, and requires additional
and ongoing treatments (e.g. nutrition supplements), it will
inevitably increase the hospital’s financial expenditure7,14,15

and in many cases this is effectively reimbursed if malnutri-
tion is identified by the medical coders. Currently funding
for public hospitals in Australia is determined using a case-
mix system, where medical coders categorise clinical condi-
tions documented in the medical records into Diagnostic
Related Groups (DRGs). This determines the financial reim-
bursement that will be received for each admission.1 Previ-
ous Australian studies have observed that the lack of
accurate documentation of malnutrition by doctors and
dietitians resulted in significant loss of funding for
hospitals.2–4,6,16 This highlights the importance of accurate
medical record documentation, that fulfils the coders’

requirements, to ensure that hospitals receive the entitled
funding to provide appropriate care for these patients.16

The Independent Hospital Pricing Authority (IHPA),
which regulates funding of public hospitals, has recently
proposed a new costing model (called ‘Risk adjustment
model for Hospital Acquired Complications’) that will
penalise hospitals for a variety of hospital-acquired compli-
cations, including malnutrition.17 The Australian Commis-
sion on Safety and Quality in Health Care has stated that all
hospital-acquired complications including malnutrition are
preventable with appropriate strategies12 and this is the
basis upon which the penalties will be applied. As described
above, it can be argued that some cases of malnutrition
may not be preventable despite adequate nutrition.10,11 If
this is the case, hospitals would be unfairly penalised if a
cost reduction rate were to be applied to all cases of
hospital-acquired malnutrition, including non-preventable
cases where ‘appropriate strategies’ may be ineffective. It
could also become a disincentive to identifying and docu-
menting malnutrition in hospital patients. This paper pro-
poses a more objective approach where penalty rates are
applied only to the cases of preventable hospital-acquired
malnutrition according to the definition above, that is, only
cases where the hospital’s preventive strategies could be
expected to be effective.

This paper will present an alternative perspective to the
costing model put forward by the IHPA.17 There were two
main aims to this study. First, to apply these malnutrition
definitions to a real-life patient cohort, quantifying the
number of cases of hospital-acquired malnutrition, classify-
ing each as preventable or non-preventable, and then iden-
tifying the main causes for malnutrition. Secondly, to
demonstrate the potential cost-savings for the hospital if the
theoretical penalties were applied only to cases meeting the
criteria for the proposed concept of preventable hospital-
acquired malnutrition rather than to all cases. A secondary
aim of this paper was to audit the precision of malnutrition
documentation undertaken by dietitians in order to make
recommendations about necessary documentation changes
in light of the IHPA proposal to penalise hospital-acquired
malnutrition.

Methods

Study design: A retrospective audit was conducted to review
patients diagnosed with hospital-acquired malnutrition as
identified by dietitians and/or medical coders within a
major quaternary hospital in Sydney, Australia. Patients
were included if they had a discharge date between 1 April
2018 and 30 June 2018 (inclusive). A decline in nutritional
status was defined based on the Subjective Global Assess-
ment (SGA)18 rating.

Prior to this audit, the Nutrition and Dietetics Depart-
ment at the hospital had developed a logic flowsheet to
define and identify patients with preventable and non-
preventable hospital-acquired malnutrition. The logic flo-
wsheet was developed based on previous definitations10

and was piloted prior to the study period. Prior to the
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study period, in-services and interaction workshops were
conducted with the hospital dietitians to ensure they felt
comfortable assessing preventable and non-preventable
hospital-acquired malnutrition. This logic flowsheet can
be seen in Supporting Information S1. Dietitians that
identified patients with preventable and non-preventable
hospital-acquired malnutrition during the study period
entered this information separately into the electronic
medical record (eMR) as well as documenting it in the
patient’s notes. For this research each case of malnutri-
tion was reviewed by the research team and the diagno-
sis of preventable or non-preventable malnutrition was
revised. Hence, diagnosis of hospital-acquired malnutri-
tion may come from the medical coders, which has been
labelled ‘hospital-identified’ or from the dietitian, labelled
as ‘dietitian-identified’.

Cases of ‘hospital-identified’ hospital acquired malnutri-
tion were extracted from the ‘Sydney Local Health District
(SLHD) Targeted Activity and Reporting System (STARS),
which is a software platform that houses all hospital perfor-
mance data. These cases were also reviewed by the research
team and revised for accuracy. Having ‘hospital-identified’
and ‘dietitian-identified’ data enabled identification of over-
lapping cases. This coding overlap was used to measure
how clearly the dietitians documented malnutrition, and
how well the hospital coded cases appropriately.

Data collection: For each patient, demographic, medical
and admission-related information was recorded based on
the data from the eMR. Demographic information included
age, sex and length of stay; medical information included
past medical history, reason for admission, and cause of
malnutrition; and admission-related information included
the type of admission (emergency, elective or transferred
from another hospital), and whether the patient had spent
time in the intensive care unit (ICU).

Funding-related information was recorded based on the
data collected from the STARS platform. This included the
Length of Stay, DRG, National Weighted Activity Unit
(NWAU) and Peer Average Length of Stay (i.e. the state
average length of stay for each diagnostic group). The
NWAU is a unit attached to hospital activity which dictates
the price at which a hospital will be reimbursed.

Data analysis: quantifying hospital-acquired malnutrition:
Data analysis was performed using Microsoft Excel 2016.
Due to the small sample size and likely skewed nature of
the data, all data have been presented as a median and
range where appropriate (unless otherwise stated).

The percentage of preventable and non-preventable
malnutrition was calculated for both sets of data (‘hospital-
identified’ and ‘dietitian-identified’ classifications). This
enabled a comparison of the total cost under the proposed
costing model17 versus the total costs of preventable
hospital-acquired malnutrition if the alternate approach is
taken. For each case, the main reasons for deterioration in
nutritional status was recorded and then grouped into cat-
egories with similar themes. These themes were developed
on review of the reasons for deteriorating nutritional
status.

Themes included:
• ‘Fasting/Nil By Mouth’ (where the patient is not allowed

to eat or enteral/parenteral nutrition support is deliber-
ately stopped for a defined period)

• ‘Able to eat, but intake restricted by a defined external
factor’ (where the patient has been placed on a restrictive
diet, for example)

• ‘Able to eat, intake not restricted but is inadequate to
meet the patient’s nutritional needs/losses’ (where the
patient is not eating enough to meet increased require-
ments, or where nutritional needs/losses are increased
beyond what the patient can manage, that is, require-
ments are increased beyond a level that the patient can
feasibly tolerate, or utilisation of the nutrition is impaired
due to metabolic alteration such as in critical illness)

• ‘Misinterpretation of documentation.’ (where the patient
has been misclassified on the basis of the dietitian’s med-
ical records entry)
Data analysis: cost of hospital-acquired malnutrition: The

cost analysis was performed from a hospital perspective in
collaboration with a health economist who provided guid-
ance as to how to apply the IHPA hospital-acquired compli-
cation model17 to the data obtained. The estimations
involved calculations for:
• Funding = NWAU x set district funding for 1 NWAU

(currently at $4713)
• Cost reduction in funding = funding x final adjust-

ment rate
The final adjustment rate was based on the complexity

of each patient’s condition. Patients at a higher risk of
developing hospital-acquired malnutrition received an
adjustment (called dampening factor) which would
decrease the final adjustment rate (i.e. the rate at which the
penalty will be applied). This ensures a fair approach so
that those at a higher risk of hospital-acquired malnutrition
are not penalised at the same rate as those with a lower
risk.17 The adjustment factor is influenced by the Charlson
Index, which estimates the risk of death associated with
certain comorbid conditions.19 This was calculated for each
patient. A higher score indicates a higher risk of death
based on comorbidities. Supplementary case studies with
sample costing calculations can be found in Supporting
Information B.

The total costs were re-categorised into preventable,
non-preventable and non-hospital-acquired malnutrition for
the ‘hospital-identified’ and ‘dietitian-identified’ data to
reflect the total cost which the hospital may theoretically
incur.

Ethics approval: Ethics approval was obtained from the
Ethics Review Committee of the Sydney Local Health
District (RPAH Zone Ethics Committee—Protocol No
X18-0145 & LNR/18/RPAH/207).

Results

Figure 1 provides a breakdown of the number of cases and
financial costs of preventable and non-preventable hospital-
acquired malnutrition over the 3-month period. In total,

J. Cheng et al.

622 © 2019 Dietitians Association of Australia



there were 15 419 admissions. Of these, there were
419 identified cases of malnutrition (2.7%) and 23 of those
were hospital-acquired (5.5% of the patients identified as
malnourished). More cases were ‘hospital-identified’
(n = 18, 78%) than ‘dietitian-identified’ (n = 8, 35%). There
were overlapping cases (n = 3, 38%) which were identified
by both the medical coder (‘hospital-identified’ and the die-
titian (‘dietitian-identified’). Of the 8 dietitian-identified
cases, the majority were initially assessed by the dietitian to
be non-preventable (n = 7, 87.5%). However, detailed
reassessment of cases by the research team showed that the
majority had a preventable component (n = 6, 75%). Five
cases (22%) were also assessed on review as pre-existing
(non-hospital-acquired) malnutrition. [Correction added on
22 July 2019, after first online publication: ‘(n = 7, 87.5%)’
on second last sentence has been corrected to ‘(n = 6, 75%)’].

Table 1 summarises the demographic profile of the study
population. Overall, there were more males (n = 18, 78%)
than females in the sample. Subjects ranged from 19 to
83 years, with the median age being 59 years. The median
length of stay exceeded the median NSW average length of
stay by approximately 3 times in those with preventable
hospital-acquired malnutrition, and approximately 1.5 times
in those with non-preventable hospital-acquired malnutrition.

The most common clinical area where preventable
hospital-acquired malnutrition occurred was haematology
(n = 6, 38%). Cardiology (n = 1, 50%) and neurology
(n = 1, 50%) were the clinical specialties for non-preventable

malnutrition. The Charlson Index ranged from 0 to 9, with
the median score for each malnutrition category being
3 or 4, indicating a moderate risk of death due to com-
orbidities. Patients with non-preventable hospital-acquired
malnutrition had the highest NWAU at 83.42, indicating an
extremely high weighted activity compared to the prevent-
able hospital-acquired malnutrition patients with an average
NWAU of 13.08. Due to the small numbers, statistical sig-
nificance was not tested.

Table 2 lists the main causes for each category of
hospital-acquired malnutrition. ‘Poor appetite’ (n = 4,
25%), ‘dislike of hospital food’ (n = 3, 19%) and ‘operation-
related fasting’ (n = 3, 19%) were the most common causes
for preventable hospital-acquired malnutrition. ‘Nutritional
needs/losses increased beyond what the patient can meta-
bolise’ despite adequate nutrition was the only cause of
non-preventable hospital-acquired malnutrition (n = 2,
100%). Of the patients assessed as having non-hospital-
acquired malnutrition, the main cause was ‘assessed as mal-
nourished on admission but documentation unclear’ (n = 4,
80%). For cost calculations, the 3 overlapping cases which
were reported as both hospital and dietitian-identified, are
only counted once in the total estimated cost of hospital-
acquired malnutrition for the hospital in the 3 months
($162 600). However, using the alternative approach where
funding is only reduced for hospital-acquired malnutrition
with a preventable component, the cost to the hospital
would be $98 000, a reduction of approximately 40%.

Hospital-acquired malnutrition: 
hospital-identified

n = 18(a)

Total cost = $108 400

Hospital-acquired malnutrition
n = 23(a)

Total cost = $162 600

Total admissions
n = 15 419

All malnutrition
n = 419

Hospital-acquired malnutrition: 
dietitian-identified

n = 8(a)

Total cost = $68 600

Assessed by Dietitian

Hospital-acquired 
preventable malnutrition

n = 1

Total cost = $3300

Hospital-acquired NON-
preventable malnutrition

n = 7

Total cost = $65 300

Hospital-acquired 
preventable 
malnutrition

n = 6

Total cost = $22 000

NON-hospital-
acquired 

malnutrition
n = 0

Total cost = N/A(b)

Hospital-acquired 
NON-preventable 

malnutrition
n = 2

Total cost = $46 600

Re-assessed by Research Team

Hospital-acquired 
preventable 
malnutrition

n = 12

Total cost = $76 600

NON-hospital-
acquired 

malnutrition
n = 5

Total cost = N/A(b)

Hospital-acquired 
NON-preventable 

malnutrition
n = 1

Total cost = $9300

Re-assessed by Research Team

Figure 1 Estimated hospital costs for 3 months for hospital-acquired malnutrition before and after the introduction of the
new concepts of preventable and non-preventable. (a)The 3 overlapping cases ($14 400) are included in the cost analysis of
the hospital-identified and dietitian-identified data but have not been double counted in the total cost. (b)Non-hospital-
acquired malnutrition has no associated cost as these cases will not be penalised under the proposed costing model.
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Hospital-identified cases ($108 000) contributed to over
half of the total cost.

Discussion

In the 3-month study period, 23 patients (5.5% of patients
coded with malnutrition) were identified with hospital-
acquired malnutrition. Of these, 16 cases (70%) were pre-
ventable and 2 cases (9%) were non-preventable. These
results demonstrate that not all cases of hospital-acquired
malnutrition are preventable despite adequate nutrition.
This is consistent with the International Consensus Guide-
line Committee which recognises the importance of
aetiology when defining malnutrition, as some patients will
continue to become malnourished despite adequate nutri-
tion due to their medical condition compromising nutri-
tional status.10

The main causes of preventable hospital-acquired malnu-
trition were ‘poor appetite’ (n = 4, 25%), ‘dislike of hospital
food’ (n = 3, 19%) and ‘operation-related fasting’ (n = 3,
19%). This suggests that current practices such as the
‘protected mealtime policy’ or strategies to minimise fasting
times (i.e. not exceeding 3 days) that are known to promote
nutrition in medical practice may not be strictly enforced.20

Existing studies have also suggested that appropriate nutri-
tion care cannot always be provided due to late referrals
from other members of the multidisciplinary team.4,7 This
may be due to the confusion of hospital-acquired

malnutrition with pre-existing malnutrition. It has been
reported that some doctors expect malnutrition to be a co-
morbidity as a result of the patient’s condition5 and have
become complacent in addressing this.2 Therefore, clarify-
ing the differences between pre-existing and hospital-
acquired malnutrition may be a motivating factor for earlier
referrals to dietetics.2,4,5,16

A common barrier to addressing malnutrition is that die-
tetic recommendations are often not actioned. This trend
has been consistent in the literature as nutrition has not
always been regarded as an essential component of medical
treatment.21 In order to address hospital-acquired malnutri-
tion, it is important to adopt a multidisciplinary approach
which recognises the role of nutrition in supporting a
patient’s clinical outcome.22 To facilitate this, dietitians
should be confident in raising awareness of malnutrition
and actively advocate for nutrition as part of the medical
treatment.21

The cause of non-preventable hospital-acquired malnu-
trition was ‘nutrition needs/losses increased beyond what
the patient can manage’ despite adequate nutrition (n = 2,
100%). These patients had prolonged ICU admissions
(greater than 2 weeks). Although nutrition support in the
ICU setting is often focused on preventing malnutrition,
catabolism and an increased metabolic rate often decrease
its effectiveness.23 The use of ICU nutrition pathways,
and likely lack of identification of non-preventable
hospital-acquired malnutrition by all members of the

Table 1 Characteristics of the study population (n = 23)

Characteristic
Hospital-acquired preventable

malnutrition
Hospital-acquired non-preventable

malnutrition
Non-hospital-acquired

malnutrition

Total sample size 16 2 5
Males 12 2 4
Females 4 0 1

Age (years) 52.0 (19–80) 65.0 (62–68) 64.0 (38–83)
LOS(a) (days) 38 (18–95) 99.0 (87–111) 21.0 (16–47)
NSW average LOS(a)

(days)
13.7 (6.8–46.9) N/A(b) 16.1 (7.2–21.9)

Clinical Specialty
Upper GI(a) 2 0 0
Haematology 6 0 1
Cardiology 1 1 1
Urology 2 0 0
Neurology 0 1 1
Hepatology/nephrology 1 0 2
Colorectal 3 0 0
Other 1 0 0

NWAU(a),(c) 13.08 83.42 20.73
(1.44–75.73) (41.17–125.66) (1.40–40.78)

Charlson Score(d) 3 (0–9) 3 (2–4) 4 (2–6)

(a) LOS = length of stay; GI = gastrointestinal; NWAU = National Weighted Activity Unit.
(b) No data available as funding is not based on Diagnostic Related Groups.
(c) NWAU is a value which compares the activity between different health services and is used to determine funding for public hospitals.

The average NWAU is 1 unit and increases in value as the complexity of the condition increases.
(d) The Charlson Score is used to estimate the risk of death of patients with certain comorbid conditions. The higher the score, the higher

the risk of mortality.18

J. Cheng et al.

624 © 2019 Dietitians Association of Australia



multidisciplinary team could explain why only 2 non-
preventable cases were identified. These cases are high-cost,
however, and do form an important basis to argue against
the rationale held by the Australian Commission on Safety
and Quality in Health Care that all hospital-acquired mal-
nutrition is preventable if appropriate strategies are in
place.12

In the ‘dietitian-identified data’, 7 out of 8 cases were
originally flagged as non-preventable but upon reassessment
by the research team, only 1 case met the criteria for being
non-preventable. One possible explanation may be the con-
fusion among dietitians between the newly introduced con-
cepts of preventable and non-preventable hospital-acquired
malnutrition by the dietetics department. From the medical
notes, it was evident that dietitians often classified the type
of hospital-acquired malnutrition based on whether the
nutrition intervention was successful in preventing a decline
in nutritional status, rather than their effort in having
trialled all possible interventions to prevent the decline. It is
also possible that a behavioural component contributed to
this finding. As the dietitians were aware of the penalties
proposed by IHPA,17 it may have been that classifying a
patient with preventable hospital-acquired malnutrition
would lead to a perception of negligence. Classifying as

non-preventable may have appeared to be the safer
approach so that it would not seem as though they had
contributed to the penalty the hospital would receive.

Five cases were coded as hospital-acquired malnutri-
tion, but when reassessed by the research team were
classified as non-hospital-acquired because of misinterpre-
tation of medical notes by coders or that they did not
meet the logic flowsheet criteria (Supporting Information
S1). The main reason was ‘assessed as malnourished on
admission but documentation unclear.’ These patients
were admitted with pre-existing malnutrition but the doc-
umentation was unclear as to whether there was further
decline in nutritional status. Hence, unclear documenta-
tion and unclear coding resulted in only three over-
lapping cases identified by both dietitians and medical
coders.

This finding suggests that it would be beneficial for clini-
cians to liaise with the medical coders to ensure there is
adequate awareness of the definitions and standards used.
Although it has been reported that medical coders generally
have high accuracy while auditing,16 revision of standards
expected of medical documentation will be necessary if a
system such as introducing new concepts of preventable
and non-preventable hospital-acquired malnutrition is

Table 2 Main causes of hospital-acquired (preventable and non-preventable) and not hospital-acquired malnutrition (from
file audit)

Cause Preventable NON-preventable(d) NOT hospital acquired

Fasting/NBM(a) without nutrition support for > 3 days
Operation-related (pre- and post-surgery) 3 0 —

Test-related (preparing for test or imaging) 0 0 —

Symptom-related (managing a condition/symptom) 1 0 —

Able to eat, but intake restricted by a defined external factor
Slow diet progression or kept on clear fluids for a prolonged

period(b)
0 0 —

Restrictive diet order or texture-modified diet with no
nutrition support

2 0 —

Limited patient ability or dependent on staff for oral
intake(c)

1 0 —

Able to eat, intake not restricted but is inadequate to meet the
nutritional needs or losses of the patient
Poor appetite
Dislike of hospital food 4 0 —

Nutritional needs/losses increased beyond what can be
managed

3 0 —

2 2 —

Misinterpretation of documentation
Assessed as malnourished on admission but documentation

unclear
— — 4

Inconsistent documentation by dietitian(e) — — 1

(a) NBM, nil by mouth.
(b) Prolonged period of time was deemed to be >5 days.
(c) Includes feeding, reminding or encouraging the patient, or the patient requires assistance/supervision due to a condition which affects

the ability to eat (e.g. broken jaw, broken arm, mental health).
(d) Each cause of hospital-acquired NON-preventable malnutrition includes the additional criteria that ‘all protocols or guidelines have been

followed correctly and there is nothing further that can be reasonably done to meet the nutritional needs of the patient.’
(e) Inconsistent Subjective Global Assessment (SGA) scores with no logical trend were documented by the same dietitian during the patient’s

admission.
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adopted. Furthermore, this would reduce future mis-
coding21 and unnecessary funding reductions when the
IHPA hospital-acquired complication model is
introduced.17

Many studies have highlighted the financial impact to
the hospital as a result of unclear documentation.3–5,16

However, no studies to date have investigated and quanti-
fied the potential financial loss to the hospital as a result of
this upcoming proposed penalty scheme by IHPA.17 Under
this proposed costing model, the total cost to the hospital
would be $162 600 for the 3-month study period. The
alternative to penalise only those cases with a preventable
component would incur a cost of $98 600 for the 3 months,
which is a reduction in financial penalties of approximately
40%. The few non-preventable cases were noted to be
higher-cost admissions than the preventable ones, contrib-
uting to this significant cost difference. This new approach
represents a much more equitable application of the penal-
ties for hospitals that accept and manage highly acute, com-
plex patients.

In light of this, enforcing a more cohesive multi-
disciplinary approach in screening, identification, documen-
tation and coding of pre-existing malnutrition and hospital-
acquired malnutrition will be beneficial. It may assist in
reducing future costs to the hospital and foster advocating
for the role of nutrition in improving the clinical outcome
of the patient.5,22 Greater exploration of the literature is
required to assess evidence-based interventions to address
both preventable and non-preventable malnutrition, how-
ever Table 3 summarises some suggested strategies. It is
acknowledged that strategies need to be tailored to each
hospital, and within each clinical speciality, to be effective.

The major strength of this study is that it is the first to
classify hospital-acquired malnutrition into concepts of pre-
ventable and non-preventable. This puts forward an alterna-
tive to the current rationale behind the proposed costing
model.17 It also fills a gap in the literature by providing a
concrete definition of hospital-acquired malnutrition. One
unique aspect of this study is the insight into how clear
documentation on preventable and non-preventable
hospital-acquired malnutrition may have a cost-saving ben-
efit. Furthermore, the data analysis was conducted in col-
laboration with a health economist, which enabled a more
representative and thorough application of the IHPA cost-
ing model.17

However, the estimated costs should be interpreted with
caution as the hospital-acquired malnutrition costing model
for NSW has not been fully developed. The IHPA model17

that was applied in this paper is currently used to deter-
mine the cost of other hospital-acquired complications (for
example, pressure injuries and falls), but has not been
applied to hospital-acquired malnutrition in NSW yet. Fur-
thermore, costs per annum were not projected because
there was a lack of data to ascertain trends for the complex-
ity groups which would determine the dampening factor.
Although median values could have been used, this would
decrease the accuracy and validity of the estimations and
thus were not calculated. Therefore, it would be valuable to

extend the study period so that yearly costs can be projec-
ted. Another limitation is that referral rates were not
audited. Thus, the number of patients with hospital-
acquired malnutrition and the costs associated with it may
have been underestimated in this study. A more compre-
hensive analysis on prevalence and costing can be achieved
if this is incorporated into future studies. Furthermore,
examining the impact of factors such as age, length of stay
and most commonly associated clinical areas on the cost of
hospital-acquired malnutrition will also be of interest.

In conclusion, the majority of patients were identified as
having preventable hospital-acquired malnutrition. The
main causes were poor appetite, dislike of hospital food,
and operation-related fasting. Introducing concepts of

Table 3 Suggested strategies to achieve a multidisciplinary
approach to address hospital-acquired malnutrition

Practical strategies

• Increasing awareness of hospital-acquired
malnutrition and the proposed reductions to funding
through posters and continuing education activities as
a motivating factor for clearer documentation and
earlier referrals

• Training dietitians to identify preventable and
non-preventable cases of hospital-acquired
malnutrition according to the criteria specified
(Supporting Information A)

• Continuing education and workshops within the
dietetics department to revise and standardise
nutrition interventions for each category of
malnutrition. This will ensure that dietitians are aware
of all possible approaches that can be trialled in
patients before a diagnosis of non-preventable
hospital-acquired malnutrition is made. It will also
assist in addressing the preventable causes of
malnutrition.

• Emphasising that the classification made by dietitians
will assist in continual improvement of practice rather
than a measure of their competency may also assist in
increasing the clarity of documentation

• Advocating for the role of nutrition in clinical
practice, including education to hospital staff such as
doctors and nurses on the risk factors for
malnutrition and the importance of early referral to
dietetics if a patient is screened or identified with
malnutrition

• Liaising with medical coders to revise the standards
expected of documentation of hospital-acquired
malnutrition to ensure accurate coding. This may
include a title in the electronic notes or a standardised
sticker for paper notes, and inclusion of a nutrition
intervention plan to support the malnutrition
diagnosis
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preventable and non-preventable hospital-acquired malnu-
trition has shown to reduce the financial penalty, with a
40% reduction in costs from $162 600 to $98 600 in the
3-month period. This alternative and more nuanced
approach will allow and encourage hospitals to focus on
addressing preventable causes of hospital-acquired malnu-
trition. It may also influence future health policies dictating
the allocation of funding for hospital-acquired malnutrition,
and potentially other hospital-acquired complications.
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ORIGINAL RESEARCH

Observations on the relationship between the dietetic
objective structured clinical examination and
placement outcome

Tracey PARKIN and Avril COLLINSON
Peninsula Allied Health Centre, School of Health Professions, Plymouth University, Plymouth, UK

Abstract
Aim: Objective structured clinical examinations (OSCEs) are used extensively in medical education to prepare stu-
dents for the clinical setting. Their use in dietetic education is still relatively new, and relationships to placement out-
comes are unknown. The aim of this study was to explore 11 years of OSCE and placement data to answer the
following questions: Does the OSCE predict dietetic placement outcome? and, What are the student perceptions of
the benefits of OSCE in preparation for practice?
Methods: Data were collected retrospectively from 328 students between 2006 and 2017 who had completed their
final year OSCE and placement. Aggregate OSCE marks and mean marks obtained in active and passive OSCE stations
were compared with placement outcome. Evaluation questionnaires completed by students at the end of the OSCE
were collated.
Results: Aggregate marks achieved in OSCE stations were significantly different for students who passed (mean =
63.24, SD = 7.94), struggled (mean = 58.25, SD = 8.82) or failed (mean = 57.31, SD = 8.28) placement, P < 0.001.
Majority of students perceived the OSCE as a meaningful and fair assessment (92%) that helped to prepare them for
practice (82%).
Conclusions: The OSCE provides a meaningful assessment of dietetic student skills in preparation for practice.
Aggregate OSCE marks provide a consistent indicator of students who are likely to struggle in practice.

Key words: assessment, competence, dietetics, education, evaluation, OSCE.

Introduction

Medical education has utilised objective structured clinical
examinations (OSCEs) for many years to develop commu-
nication and clinical skills1 in preparation for the clinical
setting.2,3 OSCEs are reported to stimulate learning and
greater achievement of specific clinical competence.4 It is
well documented that the OSCE is labour intensive, time
consuming and, therefore, an expensive examination to
run;5 however, the ability to prepare students for the prac-
tice setting has been identified as a key strength of this
examination,2 as well as its flexibility in design and
structure.6

There is a wealth of data supporting the use of the OSCE
to prepare medical students for practice;7 in contrast, OSCE
assessments in dietetics are relatively new.8 Consequently,

there is little reported data on whether the OSCE has the
same benefits in preparing dietetic students for placement.8

In addition, the range of skills assessed in a dietetic OSCE
may differ from those assessed in medical, nursing and
other professional OSCEs.4,7,8 Although communication
skills are core to all professional assessments, remaining
skills tested will vary because of the nature of the work
undertaken by the different professions. For example, die-
tetic students may be assessed on anthropometric assess-
ments, but hands-on examination, use of equipment or
clinical procedures as seen in nursing and medical OSCEs
is not required.

The design of the dietetic OSCE involves mapping of
specific skills against the examination format as described
by others.9–11 The OSCE was originally set up as six dis-
crete 10-minute stations, consisting of two active and four
passive stations,10 using a multi-station design12 to test spe-
cific clinical skills. Active stations focus on communication
skills, knowledge and application, while passive stations
explore practical skills around knowledge application,
understanding and dietary manipulation.11

Actors using standardised scripts play the part of patients
in the active OSCE stations.13 Experienced academic or
clinical examiners assess active stations using a standardised
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scoring sheet, which assesses the knowledge and communi-
cation skills utilised by students. Actors and examiners
meet prior to the examination to run through the scripts,
discuss standard answers and clarify scoring to ensure con-
sistency during the examination. In addition, moderation
occurs at the active stations to ensure consistency with
actor’s delivery throughout the examination and marking
process.

The passive stations assess clinical skills such as assess-
ment, implementation and intervention. For example, a
clinical scenario and data for planning a dietetic interven-
tion, such as biochemistry, growth charts and food diaries,
maybe provided, allowing assessment of the student’s abil-
ity to interpret provided data and identify areas in the diet
requiring manipulation, addressing issues raised and indi-
cating appropriate alternative food choices. Skills required
to carry out these tasks are developed and practiced in
class, helping to prepare students for both the OSCE and
the final practice.14

Students move from station to station; a system of bells
and buzzers indicates when the student should move to the
next station. Incorporation of feedback from examiners,
students and actors10 over the years has resulted in a num-
ber of changes. Key skills tested from the initial OSCE
design of six 10-minute stations were amalgamated into
four 15-minute stations, which included two passive and
two active stations. The integration of skills into longer
OSCE stations more accurately reflects a real-life scenario.14

For example, having more time in the active station with
the actors allows students time to move through the Model
and Process for Nutrition and Dietetic Practice (MPNDP),15

as they would in a real clinical situation, rather than focus-
ing on one discrete aspect of the consultation. In addition,
integration of skills better reflects the growing competency
and skill development of a final-year student16 and allows
better assessment of communication and clinical reasoning
skills.17,18 Examiners test clinical reasoning skills further at
the end of the active station by asking a standard question.

Placement assessment requires students to demonstrate
competencies in the following areas: the MPNDP,15 com-
munication, reflection, professionalism and time manage-
ment. The OSCE therefore specifically tests skills related to
the MPNDP,15 communication, professionalism and time
management in preparation for placement.

The use of the OSCE by Australian and UK dietetic stu-
dents prior to their first practice experience has indicated a
potential for the OSCE to predict those students who may
have difficulties in their initial placement.8 However, first
placements or early placements are likely to be the most
challenging for students as experiences in these settings will
all be new, including opportunities for students to start
working with patients and applying theory into practice.
Student performance on final-year placement and final-year
OSCE, however, may differ considerably as students will
have a greater knowledge base, prior placement experience
and opportunities to practice and develop skills further.

The present study reports on data collected over the last
11 years and will review final-year OSCE marks and the

relationship to dietetic students’ progress on final-year
placements. It includes an exploration of the relationship
between active and passive station marks, student outcome
on the final placement and student’s perception of this
examination.

Methods

Ethical approval was provided by the Faulty Research
Ethics and Integrity Committee. Data were collected retro-
spectively on students from 2006 to 2017, who had com-
pleted the final-year OSCE and had undertaken the final
placement. OSCE marks and placement outcome were col-
lated. Student feedback following the OSCE was collated
onto an Excel spreadsheet. Feedback from students follow-
ing OSCE is a standard process, with anonymous feedback
from student actors and examiners being used annually to
modify OSCE design and delivery. Feedback is collated at
the end of the OSCE; it includes questions that explore per-
ception of the OSCE. Questionnaire responses include
strongly agree, agree, neither disagree nor agree, disagree,
strongly disagree. Percentage responses were collated for
agreement and disagreement, with responses codded as nei-
ther agree or disagree coded as disagreement. Achievement
on placement was split into three categories:
1 Pass, achieved all placement learning outcomes.
2 Struggled, required additional support from placement

team before passing placement.
Data on students requiring extra time and/or support

from the placement team is routinely recorded at the time of
placement and were used to code students in this category.
3 Failed, did not achieve placement learning outcomes

despite additional support from placement team.
Active stations link into placement competencies around

communication and application of the MPNDP15 and pro-
fessionalism. Students may receive a food record and gen-
eral practitioner (GP) letter to review before starting the
consultation. Information gathered during the consultation
guides assessment, diagnosis and appropriate provision of
information to the actor in a professional and competent
manner.

Passive stations link into placement competencies relat-
ing to the MPNDP15 and involve discriminatory skills,
interpretation of data and practical application of food
knowledge skills. Active and passive stations are both time
limited when linking into the placement competency
around time management.

In 2010, following program redesign, the timing of the
OSCE changed from a post- to a pre-placement assessment,
and the number of OSCE stations was reduced to four
15-minute stations (two active and two passive). Data from
2006/2007 to 2009/2010 relate to the OSCE being under-
taken after placement, and data from 2010/2011 to
2016/2017 relate to the OSCE being undertaken prior to
clinical placement.

OSCE station marks are reported as percentages.
Descriptive statistics are provided for the aggregate OSCE
mark and the mean active and mean passive station marks

OSCE assessment: Placement outcome
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from 2006 to 2017. Student feedback was explored using
percentage response to evaluations. Inferential statistics
were carried out using SPSS, version 21 (SPSS Inc., Chi-
cago, IL, USA). Data were tested for normality using the
Shapiro–Wilk’s test.

Differences in OSCE active and passive station marks
and placement outcome were explored using one-way anal-
ysis of variance (ANOVA) and independent t-test. The level
of significance was set at P < 0.05.

Results

A total of 328 students undertook the OSCE from 2006 to
2017. The aggregate score achieved for the OSCE was
62.42% (SD = 8.29).

One-way ANOVA indicates significant differences in the
aggregate OSCE mark for students who passed, struggled
or failed placement F = (2, 325) = 9.842, P < 0.001 (see
Table 1).

The difference in aggregate OSCE mark for students who
struggled and students who failed placement was not signif-
icant. Of those students identified as requiring additional
support from the placement team (n = 22 + 26), nearly
half, 46% (22/48), went on to achieve the final placement.

Data were reviewed to explore timing of the OSCE (pre-
and post-placement) and impact on relationship between
aggregate OSCE mark and placement outcome. Regardless
of OSCE timing, the aggregate OSCE mark for students
who passed placement and those who failed placement
remains significantly different (Table 2).

Data for active station OSCE marks and placement out-
come were explored for pre- and post-placement timings.

There were 2 years when the post-placement OSCE ran
with only one active station, 2008/2009 and 2009/2010.
Data for these 2 years were removed to allow comparison
of mean active station marks and placement outcome
(Table 3).

Regardless of post- and pre-placement OSCE timing, the
mean active station mark for students who passed place-
ment and those who failed placement remains significantly
different.

How many students failing active stations go onto fail place-
ment? Regardless of post- and pre-placement OSCE timing,
the percentage of students failing one active station is con-
sistent: post-placement was 9% (6/65) and pre-placement
was 10% (19/190). Of those students failing one active sta-
tion, 64% (16/25) went on to pass the placement.

Data for passive station OSCE marks and placement out-
come were explored for pre- and post-placement timings.
For pre-placement OSCE, there was no significant differ-
ence in passive station marks achieved by students who,
passed, struggled or failed placement (Table 4).

A total of 312 students completed the evaluation ques-
tionnaires, equating to a 95% (312/328) response rate. The
data were separated into two categories, students complet-
ing the OSCE after placement and students completing
OSCE before placement (Table 5).

Undertaking the OSCE pre-placement compared with
post-placement resulted in higher agreement with all ques-
tions. Students perceived the OSCE to be stressful regard-
less of timing; however, the last 3 years indicate a
downward trend in students’ perceived level of stress, with
responses of 97%, 83% and 70% being recorded.

Discussion

This retrospective review of final-year OSCE and placement
data has identified a significant difference in the aggregate
OSCE mark and placement outcome. The mean active sta-
tion mark was significantly different in students who passed
and students who failed placement; however, the passive
station marks lost significance with placement outcome
when the OSCE moved to a pre-placement assessment. Stu-
dent evaluation supported the view that the OSCE is a
meaningful and fair assessment of skills, which prepares
students for practice. The data presented here are unique in
that they provide a longitudinal perspective that illustrates a
consistent relationship between dietetic students’ perfor-
mance in the OSCE and dietetic placement outcome. These

Table 1 Aggregate marks achieved in objective structured
clinical examination (OSCE) and placement outcome

N = 328

Passed
placement
(n = 280)

Struggled on
placement
(n = 22)

Failed
placement
(n = 26)

Mean OSCE
mark (SD)

63.24 (7.94) 58.25 (8.82)1 57.19 (8.28)2

1 Independent t-test indicates significant difference between stu-
dents who passed placement and those who struggled on place-
ment, P = 0.005.

2 Independent t-test indicates significant difference between stu-
dents who passed placement and those who failed placement,
P < 0.001.

Table 2 Aggregate objective structured clinical examination (OSCE) mark for post-placement and pre-placement compared
with placement outcome

N = 328 Passed placement Struggled on placement Failed placement P-value

Post-placement OSCE mean (SD), n = 138 62.71 (7.80), n = 116 54.82 (5.51)1, n = 10 55.07 (5.84)2, n = 12 0.001
Pre-placement OSCE mean (SD), n = 190 63.61 (8.12), n = 164 61.10 (10.21), n = 12 59.00 (9.77)2, n = 14 0.101

1 Independent t-test indicates significant difference between students who passed placement and students who struggled, P = 0.002.
2 Independent t-test indicates significant difference between students who passed placement and those who failed placement:
post-placement, P = 0.001; pre-placement, P = 0.047.
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data support and build on findings from other studies,
highlighting the potential of the dietetic OSCE to identify
dietetic students who may require additional support on
placement.9 In addition, findings indicate that the OSCE
not only has a place in identifying first-year dietetic stu-
dents who may struggle on placement9 but also final-year
dietetic students completing the final placement.

Although the timing of the OSCE has changed, from
post- to pre-placement, the relationship between OSCE per-
formance and placement outcome remains significant. The
OSCE comprises of active and passive stations; the mean
active station marks were a significant indicator of students’
achievement on placement and provide further evidence to
support this type of examination to test the application of
knowledge and communication skills prior to placement. A
small number of dietetic students (10%) regularly fail one
of the active stations, but failing one active station is not
indicative of failing placement. Obtaining a lower mean

mark in the active stations is, however, linked to placement
failure, suggesting a more generalised problem with apply-
ing communication skills and knowledge to support clinical
reasoning skills.

Performance at active stations was variable, with large
deviations in the marks achieved. Knowledge and confi-
dence19 may inhibit performance, resulting in a poor dem-
onstration of communication skills. When knowledge and
confidence are high, better communication skills may be
demonstrated; communication skills and knowledge are
closely linked,20 resulting in case-based variability of stu-
dents’ ability to communicate to actors in OSCEs.21 This
may account for the variability seen in active station marks
in the dietetic OSCE.

In addition, medical OSCEs that assess whole tasks,
where students examine patients on a diagnosed complaint
rather than discrete skills, increased students’ use of diag-
nostic reasoning skills.17 This may also be the case for the

Table 3 Mean active station marks and placement outcome

Mean active station marks Passed placement Struggled on placement Failed placement P-value

Overall mean active stations
(SD), n = 255

66.72 (10.04), n = 220 61.50 (13.49), n = 16 56.00 (11.74)2, n = 19 0.001

Post-placement OSCE active
stations (SD), n = 65

67.14 (9.13), n = 56 54.38 (7.47)1, n = 4 52.90 (8.39)2, n = 5 0.001

Pre-placement OSCE active
stations (SD), n = 190

66.58 (10.36), n = 164 63.88 (14.43), n = 12 57.11 (12.82)2, n = 14 0.007

1 Independent t-test indicates significant difference in active station marks achieved in students who passed placement and students who
struggled, P = 0.008.

2 Independent t-test indicates significant difference in active station marks between students who passed placement and those who failed;
overall: P = <0.001, post-placement: P = 0.001, pre-placement: P = 0.002.

Table 4 Mean passive station marks and placement outcome

Mean passive station marks Passed placement Struggled on placement Failed placement P-value

Overall passive station mean
(SD), n = 328

61.30 (9.26), n = 280 59.18 (9.26), n = 22 57.41 (9.31)1, n = 26 0.050

Post-placement OSCE passive
stations (SD), n = 138

62.56 (8.39), n = 116 57.60 (9.41), n = 10 54.69 (6.89)2, n = 12 0.003

Pre-placement OSCE passive
stations (SD), n = 190

60.41 (9.76), n = 164 58.50 (9.71), n = 12 59.75 (10.67), n = 14 0.795

1 Independent t-test indicates significant difference in overall passive station marks between students who passed placement and those who
failed, P = 0.042.

2 Independent t-test indicates significant difference in post-placement passive station marks between students who passed placement and
students who failed placement, P = 0.003.

Table 5 Student evaluation of the objective structured clinical examination (OSCE) examination (n = 312)

Evaluation period

Percentage of students who agree that the OSCE:

Is a meaningful
assessment
of skills

Is a fair assessment
of skills

Helps to
prepare students
for practice

Is perceived to
be stressful

Will help students
manage stressful

events

OSCE post-placement, 2006/2007
to 2009/2010 (n = 140)

63% (93/140) 73% (104/140) 35% (54/140) 83% (116/140) 40% (56/140)

OSCE pre-placement 2010/2011
to 2016/2017 (n = 172)

92% (160/172) 92% (158/172) 82% (141/172) 89% (155/172) 81% (140/172)

OSCE assessment: Placement outcome
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dietetic active OSCE stations, with the move from discrete
skill testing to longer consultations that reflect real-life sce-
narios.22 On placement, students need to demonstrate their
ability to apply clinical reasoning skills to work through the
MPNDP15 with a variety of patients. Lack of ability to trans-
fer these skills from one patient to another and to demon-
strate safe clinical reasoning will result in placement failure.
Lower mean marks achieved in the active stations are there-
fore indicative of poor clinical reasoning skills.

Passive stations test skills against paper exercises; actors
are not involved. Passive station marks lost significance
with placement outcome when the OSCE moved to a pre-
placement assessment. Completing the OSCE post-
placement allows students time to practice and consolidate
skills on placement. The significant association between
placement outcome and passive station marks post-
placement may therefore reflect poor consolidation of these
skills on placement. Alternatively, the anxiety of undertak-
ing the practical exam following a failed placement may
result in poor performance at passive stations. When pas-
sive stations occur prior to placement, the attainment of
skills is more likely to reflect students’ learning and acquisi-
tion of skills in university. This may account for the lack of
significance between placement outcome and passive sta-
tion marks when the OSCE moved from post- to pre-
placement assessment. In addition, the resulting lack of sig-
nificance between placement outcome and passive station
marks suggests that the skills examined are different from
those in active stations. Passive stations test a discrete range
of skills; patients are not involved, and this may contribute
to the lack of association between pre-placement passive
station marks and placement outcome as complex clinical
reasoning skills are not specifically tested.17

Moving the OSCE to pre-placement has altered students’
perception of the relevance of this examination, with the
majority of students reporting the OSCE to be a more
meaningful and fair assessment of skills. Students increas-
ingly see this examination as a way to help them manage
stressful events. Similar to findings in dental students,23 a
majority of dietetic students indicated that they found the
OSCE stressful. Interestingly, perceived stress in dental stu-
dents did not affect student performance.23 Hong,24 how-
ever, has suggested that students’ anxiety about OSCEs may
influence their ability to perform during the OSCE. Exami-
nation stress may affect their individual working memory,
‘the ability to hold in information and manipulate it’,25(p93)

and the combined effect of this could result in a poor
demonstration of skills within the active OSCE stations. In
nursing students, anxiety has been reduced by providing
video exemplars prior to the OSCE; however, this did not
impact students’ overall performance,26 suggesting that anx-
iety is not the only factor impacting student performance in
the OSCE.

Poor time management and anxiety are commonly cited
reasons for students struggling on placement and requiring
additional time.22 Dietetic students use timed sessions to
develop confidence in information retrieval, attainment and
performance ability prior to sitting the OSCE.27 This may

help to improve students’ perception of control and, in
combination with techniques to reduce student anxiety,
may help to improve performance long term.28 In addition,
OSCE briefings allow students to become familiar with the
process. These measures may have contributed to the
downwards trend in student-reported stress levels with the
dietetic OSCE over the last 3 years.

Providing feedback after an OSCE affects the affective
domain of learning and improves students’ ability to relate
OSCE activities to clinical practice.2 Video/audio recording
also provides a valuable method to further support students
in reflecting on skill use in preparation for the OSCE and
future placement.29 Currently, we offer dietetic students
audio/video recording as an optional method of support
when developing skill use, with audio recording routinely
used for some skill development sessions. Routine use of
simulation strengthens links between theory and practice,
as well as develops confidence30 and self-efficacy31 in the
use of communication skills. Practical sessions also help
support knowledge acquisition;32 in preparation for the
OSCE, setting the theory exam close to the OSCE helps
strengthen this area further.

A retrospective review of data does carry some limita-
tions as it is unable to relate individual feedback to student
performance or explore variations in placement perfor-
mance and skills utilised with student perceptions. How-
ever, despite these drawbacks and the minor changes that
have occurred to the OSCE over the last 11 years, a consis-
tent pattern has emerged. The data presented indicate that
the OSCE provides a successful assessment of dietetic stu-
dents’ practical skills required for placement. The OSCE
has a valid role in preparing dietetic students for placement
and identifying students likely to struggle and therefore
require additional support.

In summary, this retrospective review highlights an asso-
ciation between the aggregate OSCE mark, particularly
mean active station marks and dietetic students who are
likely to fail placement. The OSCE provides a meaningful
assessment of practical clinical skills and is a useful indica-
tor of dietetic students’ performance in practice, indicating
students who are likely to require additional support on
placement.

Funding source

The authors have no funding to declare.

Conflict of interest

The authors have no conflict of interest to declare.

Authorship

TP collated the retrospective data, conducted the prelimi-
nary analysis and drafted the manuscript. AC reviewed data
analysis and interpretation and revised the manuscript. All
authors approved the final version of the manuscript for
submission. The content has not been published elsewhere.

T. Parkin and A. Collinson

632 © 2019 Dietitians Association of Australia



References

1 Harden RM, Stevenson M, Downie WW, Wilson GM. Assess-
ment of clinical competence using objective structured exami-
nation. Br Med J 1975; 1: 447–51.

2 Casey PM, Goepfert AR, Espey EL et al. To the point: reviews
in medical education—the objective structured clinical exami-
nation. Am J Obstet Gynecol 2009; 200: 25–34.

3 Jünger J, Schäfer S, Roth C, Schelberg D, Friedman Ben-
David M, Nikendei C. Effects of basic clinical skills training on
objective structured clinical examination performance. Med
Educ 2005; 39: 1015–20.

4 Schoonheim-Klein ME, Habets LL, Aartman IH, van der
Vleuten CP, Hoogstraten J, van der Velden U. Implementing
an objective structured clinical examination (OSCE) in dental
education: effects on students’ learning strategies. Eur J Dent
Educ 2006; 10: 226–35.

5 Reznick RK, Smee S, Baumber JS et al. Guidelines for estimat-
ing the real cost of an objective structured clinical examination.
Acad Med 1993; 68: 513–7.

6 Patrício MF, Julião MF, Carneiro AV. Is the OSCE a feasible
tool to assess competencies in undergraduate medical educa-
tion? Med Teach 2013; 35: 503–14.

7 Khan KZ, Ramachandran S, Gaunt K, Pushkar P. The objective
structured clinical examination (OSCE): AMEE guide no. 81.
Part I: an historical and theoretical perspective. Med Teach
2013; 35: 1437–46.

8 Hawker JA, Walker KZ, Barrington V, Andrianopoulos N. Mea-
suring the success of an objective structured clinical examina-
tion for dietetic students. J Hum Nutr Diet 2010; 23: 212–6.

9 Hawker J, Walker K. An objective structured clinical examina-
tion to assess preclinical skills. Nutr Diet 2010; 67: 102–5.

10 Lambert L, Pattison DJ, de Looy AE. Dietetic students’ perfor-
mance of activities in an objective structured clinical examina-
tion. J Hum Nutr Diet 2019; 23: 224–9.

11 Pender FT, de Looy AE. The testing of clinical skills in dietetic
students prior to entering clinical placement. J Hum Nutr Diet
2004; 17: 17–24.

12 Rushforth HE. Objective structured clinical examination
(OSCE): review of literature and implications for nursing edu-
cation. Nurse Educ Today 2007; 27: 481–90.

13 Adamo G. Simulated and standardized patients in OSCEs: achieve-
ments and challenges 1992–2003. Med Teach 2003; 25: 262–70.

14 Major DA. OSCEs—seven years on the bandwagon: the pro-
gress of an objective structured clinical evaluation programme.
Nurse Educ Today 2005; 25: 442–54.

15 British Dietetic Assoication. Model and process for nutrtion and
dietetic practice [Internet]. British Dietetic Assocaition, UK,
2016. (Available from: https://www.bda.uk.com/publications/
professional/model_and_process_for_nutrition_and_dietetic_
practice_, accessed 1 November 2017).

16 Ross M, Carroll G, Knight J, Chamberlain M, Fothergill-
Bourbonnais F, linton J. Using the OSCE to measure clinical
skills performance in nursing. J Adv Nurs 1988; 13: 45–56.

17 Lafleur A, Côté L, Leppink J. Influences of OSCE design on
students’ diagnostic reasoning. Med Educ 2015; 49: 203–14.

18 Traynor M, Galanouli D, Rice B, Lynn F. Evaluating the objec-
tive structured long examination record for nurse education. Br
J Nurs 2016; 25: 681–7.

19 Lundberg KM. Promoting self-confidence in clinical nursing
students. Nurse Educ 2008; 33: 86–9.

20 Laidlaw TS, Kaufman DM, Mac Leod H, van Zanten S,
Simpson D, Wrixton W. Relationship of resident characteris-
tics, attitudes, prior training and clinical knowledge to commu-
nication skills performance. Med Educ 2006; 40: 18–25.

21 Guiton G, Hodgson CS, Delanshere G, Wilkerson L. Commu-
nication skills in standardized-patient assessment of final-year
medical students: a psychometric study. Adv Health Sci Educ
2004; 9: 179–7.

22 Luhanga FL, Larocque S, MacEwan L, Gwekwerere YN,
Danyluk P. Exploring the issue of failure to fail in professional
education programs: a multidisciplinary study. J Univ Teach
Learn Pract 2014; 11: 3.

23 Brand HS, Schoonheim-Klein M. Is the OSCE more stressful?
Examination anxiety and its consequences in different assess-
ment methods in dental education. Eur J Dent Educ 2009; 13:
147–53.

24 Hong E. Test anxiety, perceived test anxiety, and test perfor-
mance: temporal patterns of their effects. Learn Individ Differ
1999; 11: 431–47.

25 Owens M, Stevenson J, Hadwin JA, Norgate R. When does
anxiety help or hinder cognitive test performance? The role
of working memory capacity. Br J Psychol 2014; 105:
92–101.

26 Massey D, Byrne J, Higgins N et al. Enhancing OSCE pre-
paredness with video exemplars in undergraduate nursing
students. A mixed method study. Nurse Educ Today 2017;
54: 56–61.

27 Hicks FD, Coke L, Li S. The Effect of High-Fidelity Simulation on
Nursing Students’ Knowledge and Performance: A Pilot Study. Chi-
cago, IL: National Council of State Boards of Nursing,
2009; 40.

28 Putwain DW, Aveyard B. Is perceived control a critical factor
in understanding the negative relationship between cognitive
test anxiety and examination performance? Sch Psychol Q 2018;
33: 65–74.

29 Paul F. An exploration of student nurses’ thoughts and experi-
ences of using a video-recording to assess their performance of
cardiopulmonary resuscitation (CPR) during a mock objective
structured clinical examination (OSCE). Nurse Educ Pract
2010; 10: 285–90.

30 Lendahls L, Oscarsson MG. Midwifery student’s experiences of
simulation and skills training. Nurse Educ Today 2017;
50: 12–6.

31 Kameg K, Howard VM, Clochesy J, Mitchell AM, Suresky JM.
The impact of high fidelity human simulation on self-efficacy
of communication skills. Issues Ment Health Nurs 2010; 31:
315–23.

32 Mitchell ML, Henderson A, Groves M, Dalton M, Nutly D. The
objective structured clinical examination (OSCE): optimising
its value in the undergraduate nursing curriculum. Nurse Educ
Today 2009; 29: 398–404.

OSCE assessment: Placement outcome

© 2019 Dietitians Association of Australia 633

https://www.bda.uk.com/publications/professional/model_and_process_for_nutrition_and_dietetic_practice_
https://www.bda.uk.com/publications/professional/model_and_process_for_nutrition_and_dietetic_practice_
https://www.bda.uk.com/publications/professional/model_and_process_for_nutrition_and_dietetic_practice_


OR I G I N A L R E S E AR CH

Changes in nutrition and dietetic research: A content analysis
of the past decade of Dietitians Association of Australia
conference abstracts

Judi Porter PhD, FDAA, Associate Professor1,2 |
Claire Bristow BNut(Hons), Research Technical Officer1 |
Karen Charlton PhD, AdvAPD, Professor3 | Linda Tapsell PhD, FDAA, Professor3 |
Tammie Choi PhD, APD, Teaching Associate1

1Department of Nutrition, Dietetics & Food,
Monash University, Melbourne, Victoria,
Australia
2Eastern Health Clinical Research Office,
Eastern Health, Melbourne, Victoria,
Australia
3School of Medicine, Faculty of Science,
Medicine and Health, University of
Wollongong, Wollongong, New South
Wales, Australia

Correspondence
Judi Porter, Department of Nutrition,
Dietetics & Food, Monash University, Level
1, 264 Ferntree Gully Road, Notting Hill,
VIC 3128, Australia.
Email: judi.porter@monash.edu

Abstract
Aim: As a sample of research outputs supported by the nutrition and dietetics pro-

fession in Australia, the present study aimed to conduct a content analysis of Dieti-

tians Association of Australia (DAA) conference abstracts to identify themes,

methods and contribution by geographical location over time.

Methods: Conference abstracts published during the period 2008-2018 (excluding

those from the International Congress of Dietetics in 2012) were obtained. Key out-

come data including topics of research and methodological approach were

extracted. Leximancer, a computer-assisted content analysis program, was used in

the development of concept maps. Thematic analysis was undertaken indepen-

dently by two authors and consensus was obtained.

Results: A total of 2246 oral and poster presentation abstracts and 56 plenary

abstracts were imported and synthesised. The most commonly utilised research

designs were cross-sectional studies and evaluation research. There was a signifi-

cant increase in the proportion of systematic literature reviews, and a decreasing

proportion of randomised controlled trials presented across the study period. Out-

put was greatest from authors in Queensland and New South Wales. A clear spike

in abstracts was observed for the host state across all years. Since 2015 concept

maps appeared more interconnected, suggesting a trend for research focus towards

integrated nutrition topics. Overarching themes for emerging research topics

included Indigenous nutrition and the curriculum for dietetics education.

Food/foods emerged as a theme across multiple research methods and in a wide

range of contexts and settings.

Conclusions: The synthesis of findings suggests that research presented at the

DAA conference is largely practice driven.
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1 | INTRODUCTION

The size of the dietetic workforce in Australia has increased
rapidly in recent decades. There has been more than a 3-fold
increase in membership of the national professional organi-
sation, the Dietitians Association of Australia (DAA), from
1967 in 20041 to 6813 in 2017.2 Membership rates of DAA
are estimated to represent 85% of all dietitians in Australia,
when compared to census reports.1 The increase in the size
of the profession is consistent with recommendations from
the National Health Workforce Innovation and Reform Stra-
tegic Framework for Action 2011-2015.3 Along with other
allied health professions, including physiotherapy, speech
therapy, and occupational therapy, the expansion of the die-
tetics profession aligns with strategies to ensure that
Australia's health workforce can meet increasing service
demands from a population that is ageing, with a concomi-
tant higher prevalence of chronic diseases.3 This increase
has required greater investment of universities in the teach-
ing and research capacity provided by academic dietitians.4

Rising academic outputs (including peer-reviewed papers
and abstracts) would be expected to follow, however there
has been little investigation of shifts in the research themes
that have been investigated by members of the profession. A
recent mapping review in one area of dietetics research,
Australian workforce preparation,5 suggested that increases
in dietetic training capacity have led to increased educational
research output. It was estimated that in the last 30 years,
more than half of the studies related to research in dietetics
education were published in the period 2013-2018.5

Nutrition and dietetics research has been driven by
advances in science and the development of new research
methods, a process that has occurred parallel to the changing
health-care environment and the context for dietetic prac-
tice.6 However, the profile of research topics and methodo-
logical approaches employed by dietetic researchers has not
previously been synthesised.

One way of studying change in research in this area is to
apply content analysis to data on dietetic publications. This
method has previously been used to describe changes in
publication profiles across a defined period in other disci-
plines, including sciences (eg, psychology)7 and the arts (eg,
music).8 Content analysis has a presence in nutrition
research publications across a range of topics, for example,
addressing the topics of infant feeding9 and calcium and
weight loss messages10 in magazines. Methods for undertak-
ing content analysis in the discipline have been summarised
previously.11 Important considerations are intent (ie, the pur-
pose of the analysis, and desired outcome data), and the
method for undertaking the analysis.11

The annual DAA conference is the largest dietetics-
focused conference in Australia and provides a forum for

presentation of scientific research. The conference features a
range of presentations, including invited plenary speakers,
oral presentations within concurrent sessions and poster pre-
sentations, with the number of accepted abstracts varying
from year to year, although showing an increase over a time.
A double-blind system of peer review is undertaken of all
submitted oral and poster abstracts, with submission num-
bers often exceeding presentation availability. Abstract
authors nominate their preference of oral or poster presenta-
tion, with only one oral presentation permitted per pre-
senting author in recent years. Where the number of
submissions for oral presentations exceeds availability, those
with lower rankings (or subsequent abstracts by a presenting
author) may be assigned a poster presentation.

While broad research priorities that support national grant
rounds (eg, National Health and Medical Research Council,
Australian Research Council, Medical Research Futures
Fund) continue to evolve, research themes that exist within
nutrition and dietetics in Australia have not previously been
investigated. Although dietitians may attend other speciality
nutrition or medical conferences in Australia and overseas,
the DAA conference program is likely to reflect changes in
both the areas of research, and methods of choice. As a sam-
ple of research outputs supported by the nutrition and dietet-
ics profession in Australia, the present study aimed to
conduct a content analysis of DAA conference abstracts to
identify themes, methods and contribution by geographical
location over time.

2 | METHODS

Ethics approval to undertake this analysis was obtained from
the Monash University Human Ethics Low Risk Review
Committee (Project ID 15172). Peer-reviewed abstracts (oral
and poster presentations) presented during the period
2008-2018 were selected to capture the effect of the incre-
mental increase in professional numbers over that time. Con-
ference proceedings were obtained, excluding those for 2012
where the 16th International Congress of Dietetics (Sydney)
replaced the annual DAA conference and the large number
of international delegates reduced the focus on Australian
research. As such this analysis is a snapshot of this 10-year
period, a time when there has been significant growth in the
dietetics profession in Australia.2

As the abstracts were published as supplements to the
journal Nutrition & Dietetics, they were accessed in digital
form through the website (https://onlinelibrary.wiley.com/
journal/17470080) and transferred to an Excel file for each
year. Abstracts were included for oral and poster abstracts.
The state of the affiliation of the first author was extracted
while the methodological approach utilised was coded into
pre-defined categories. Where research could be coded as
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using more than one method, the method with the highest
level of evidence was chosen. Classifications were those
from National Health and Medical Research Council
(NHMRC) levels of evidence hierarchy,12 with a coding
framework developed for those papers that did not fit within
the NHMRC definitions. The table of research methods
(Table 1) has been presented as closely as possible to the
NHMRC levels of evidence hierarchy to provide an indica-
tion of methodological rigour. Data extraction from all
abstracts was undertaken by one researcher (C.B.).

Data spreadsheets of oral and poster abstracts were impo-
rted into Leximancer 4.5 (Leximancer Pty Ltd, Brisbane,
2018), a computer-assisted content analysis program often
employed in qualitative research, and used in the develop-
ment of concept maps for this analysis. The program iden-
tifies themes using word frequency statistics and co-
occurrences, and generates thematic visualisation of con-
cepts using its own algorithms to identify meanings within
passages of text. The visual concept maps produced by
Leximancer are clusters of frequently used terms diagram-
matically linked to other clusters of terms identified within
the same year. It has previously been evaluated for stability
(equivalent to intercoder reliability), reproducibility and cor-
relative validity.23 Frequently occurring clusters of terms are
categorised as “concepts”/themes and displayed using visual
representations of relationships between the themes.24 The
analysis of findings in the present study was systematic,
commencing with initial viewing and exploration of the larg-
est themes, then identifying repeated patterns within themes
and finally linking to related concepts in their relative
ranking.

In the present study, Leximancer was used to prepare
concept maps for each year individually, as well as the entire
data set across the analysis period. Default program settings
were used, with the exception of the sentence length used
for analysis. This was reduced from two to one sentence due
to the brief abstract length of up to 250 words. Text was
analysed by Leximancer to develop visual concept maps of
findings of research themes for each year. These concept
maps were prepared using settings of 100% for visible con-
cepts, and 33% for theme size. Frequently used words were
grouped together and shown as small grey nodes, clustered
into themes. The heat-mapping of themes indicated the fre-
quency of their use. Thus, the “hottest” or most important
theme appeared in red, and the next hottest in orange, and so
on. Themes that are mapped closely together reflected strong
relationships between the concepts,25 and multiple over-
lapping concept-bubbles indicated a complex inter-
connectivity between themes. Each of the Leximancer con-
cept maps was further explored using the tagging function of
the state/territory of the affiliation of the first author, and the
methodological approach utilised. All Leximancer concept

maps were interpreted independently by two authors (J.P.
and T.C.).

Text extracts relating to high frequency keywords were
also generated by Leximancer for manual analysis.
Leximancer-generated keywords with the highest frequency
were explored manually to understand the use of the key-
word within the broader text. The first 100 text extracts
linked to the keyword were analysed. The final phase of data
analysis was undertaken by two authors (J.P. and T.C.). To
enhance research rigour, investigator triangulation was
applied. Both authors came together to discuss their findings
until consensus was reached. Change in study design over
time was determined using chi-square test (linear by linear
association), conducted using IBM SPSS (version 24.0; IBM
Corp, Armonk, NY).

Plenary session abstracts were analysed separately using
thematic analysis, where the topical concept of plenary ses-
sions in each year were summarised for comparison with
subsequent synthesis of themes.

3 | RESULTS

A total of 2246 oral and poster presentation abstracts were
imported and synthesised within the content analysis; and
56 plenary abstracts were included in the thematic analysis.
Table 1 shows the breakdown of study design over the anal-
ysis period. The number of randomised controlled trials and
cohort studies reported remained constant (P > .05) leading
to an overall decline in proportion concomitant with increas-
ing size of the conference. The number of abstracts
reflecting cross-sectional studies increased significantly over
time (P < .05); this was the most frequently reported study
design. Evaluation research, including evaluation of public
health programs, process evaluations, and evaluation of
nutrition and dietetics curricula, was also a commonly
reported research method. There was a significant increase
in the number and proportion of abstracts reporting system-
atic reviews and other review types (eg, narrative and scop-
ing reviews; P < .05). The relative proportion of abstracts
reporting audits declined with time (P > .05), but this was
met with an increase in the number of abstracts reflecting
qualitative (P < .05) and mixed methods studies (P < .05).

The geographical state/territory of the affiliation of the
first author is presented in Table 2. The greatest output for
the DAA conference was from authors in Queensland and
New South Wales. As expected, contributions from the
lesser populated states had a smaller presence in the confer-
ence program, and there was a limited contribution from pre-
senters outside Australia. Table 2 also highlights figures of
the host state for the conference (shown in bold text). A clear
spike by percentage of abstract presence can be identified
for the state hosting the conference across all years.
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Commonly encountered themes (topics) are presented in
Table 3. Only the theme “food/s” was identified consistently
with a high frequency across all years. Food/foods emerged
as a theme across multiple research methods (eg, randomised
controlled trials, cross-sectional studies) and in a wide range
of contexts and settings (eg, hospitals, community settings).
Other thematic trends appeared as reporting of outcome vari-
ables (eg, weight, intake, energy). There were changes in the
frequency of reporting on study population (eg, community,
women, students) and the associated health issue (eg, dis-
ease, BMI, risk, malnutrition).

Concept maps for each year of the conference are pres-
ented in Figure S1. Concept maps from 2015 onwards were
more interconnected, with more overlapping concept-
bubbles than in previous years, suggesting a trend towards
integrated nutrition topics. Overarching research themes
emerged (shown in Figure S1), further supported by the key-
word analysis identified in Table 3. In some cases, research
themes were influenced by the geographical location of the

conference that year. For example, at the 2009 conference
held in Darwin, key themes were breastfeeding, women and
community (Indigenous) nutrition and included food supply
and nutrition improvements in Indigenous communities. In
the 2013 conference, the professional education curriculum
was a key theme, with a large focus on curriculum design
and student placement experience. In subsequent years, this
focus on university students and curricula remained. Other
student groups (eg, primary school students) were also the
focus of study by some researchers. By the time of the 2016
conference the magnitude of research had increased, with
scope including food and menu choices, dietary intakes
aligned with food groups, and school health promotion pro-
grams. Integration of the maps of individual conferences into
a single concept map, as shown in Figure 1, graphically
demonstrates the overall focus of research across the decade.
“Loss” appeared as a feature of key themes across the
decade—illustrative of weight loss, and measurement of
other primary outcomes. “Nutrition” also featured

FIGURE 1 Leximancer-generated
integrated concept map of Dietitians
Association of Australia conference
abstracts 2008-2018 (excluding 2012)
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prominently as a theme across many areas of practice. Inclu-
sion of the Malnutrition Screening Tool26 and student place-
ments that emerged from the integrated concept map reflects
the prominence of malnutrition risk screening and develop-
ment of curricula in the last decade of dietetics research.
However, no overarching research themes were evident.

The topics covered by plenary speakers were observed to
align with the conference theme each year. Topics moved
from dissemination of general public health and clinical
strategies to improving nutrition for specific conditions in
the early years to translating research evidence to practice
and driving change in the profession in recent years.

4 | DISCUSSION

This content analysis of 2246 abstracts identified changes
within research themes and methods used by practising dieti-
tians over the last 10 years. While the analysis did not cap-
ture the full extent of nutrition and dietetics research across
Australia and is not representative of the scope or magnitude
of research by dietitians, it did reflect an important area of
formal research communications. To the authors' knowledge
a similar content analysis of research has not previously
been undertaken in other health professions.

Notable changes were measured in research design and
themes over the analysis period. The shift to conduct sys-
tematic literature reviews and an increasing number of cross-
sectional studies across many aspects of practice indicates
the broader health issues considered by researching dieti-
tians. There was less emphasis on diet-related chronic dis-
ease, this specialist research may be preferentially presented
at public health or medical specialty conferences, for exam-
ple, the conference of the Australasian Society of Parenteral
and Enteral Nutrition. Nevertheless, in 9 of 10 conferences,
the word “patients” (used in clinical areas) rather than “par-
ticipants” (used in public health research) was more preva-
lent, suggesting that the conference may be more aligned
with clinical issues.

The range and changing nature of nutrition and dietet-
ics research presented at this conference was highlighted
by thematic analysis of abstract text and concepts maps
(see Figure S1). While assessment of nutritional status
and nutrition risk were present throughout the 10 years,
the shift from identification of the prevalence of malnutri-
tion to interventions to reduce and/or treat malnutrition
likely reflected the progress in research by dietitians in
that area.

Plenary presentations were consistent with the overarch-
ing conference theme defined by DAA for each conference.
Topics may be reflective of strategic areas in dietetics per-
ceived by the organisation. The content and methodological
quality of these abstracts are not subject to peer review

highlighting the importance of a consultation process in
defining the conference theme and in the nomination of ple-
nary speakers.

While this analysis indicates that the research presented
at the DAA conference is largely practice driven, the
research is undoubtedly important in developing the evi-
dence base that underpins nutrition and dietetic practice.6,27

Limited availability of competitive grant round funding
poses challenges to undertake large and complex high-
quality studies that continue to extend the evidence base.28

The ability of our profession to obtain national funding into
the future may be through consultation in the review of
national funding priorities, and with the development of
nutrition and dietetic research priorities. Another potential
benefit of such research priority setting is the opportunity to
build international collaborations. Similar research priority
setting agendas have been undertaken in other profes-
sions29,30 and specialities.31

There are several limitations to the analysis presented
here. Coding of data was undertaken by one researcher. The
methods employed represent only one approach that may be
used for content analysis. Some content analyses may pre-
sent more quantitative findings, however the visual images
provided by the Leximancer analysis enabled powerful con-
nections between themes to be exposed. The thematic analy-
sis of the collated results further added to the complexity of
this analysis. It is also noted that it is unlikely that all
changes in research profile would be reflected in the confer-
ence content for a number of reasons, including restrictions
on conference program size.

In conclusion, the content analysis of DAA conference
abstracts over the past 10 years has reflected a growing
number of and diversity across nutrition and dietetics
research. The research focus appears to be moving
towards more integrated nutrition topics and improved
methodological rigour. While most research reported at
DAA conference is practice driven, a coordinated strate-
gic approach may focus resources to addressing priorities
in nutrition and dietetics.
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LETTER TO THE EDITOR

Validation testing of a short food-group-
based questionnaire to assess dietary risk in
preschoolers aged 3–5 years

To the Editor,
Accurate measurement of dietary intake is crucial for under-
standing the relationship between diet and chronic disease,
monitoring trends in predictors of health and determining
intervention effectiveness. Traditional dietary assessment
methods such as food records and recalls are subject to sub-
stantial error1,2 whereas short questionnaire-style methods
enable rapid food intake reporting, increased cooperation
and completion,3 and derivation of food-based data that are
useful for monitoring dietary guideline compliance.4 Dietary
assessment in young children is particularly challenging due
to variation in diet across brief time periods. Thus age-
specific assessment tools are required. The reliable and valid
short food-based Toddler Dietary Questionnaire (TDQ)5,6

was adapted for use with Australian preschoolers. This study
aimed to determine the test–retest reliability, relative validity
and convergent validity of this new Preschooler Dietary
Questionnaire (PDQ).

Primary caregivers of preschoolers aged 3–5 years,
recruited via Flinders University newsletter advertisements
and a study-specific Facebook page, completed a two-stage
online survey. Stage 1 comprised a demographic question-
naire and the 19-item PDQ (PDQ1). Stage 2 (completed
2.1 � 1.0 weeks later) comprised a second PDQ (PDQ2)
and a validated 54-item Food Frequency Questionnaire
(FFQ).7 The PDQ and TDQ6 are the same apart from the
use of age-appropriate portion size categories.8–10 Intake is
scored against a dietary risk11 criterion (0–100; higher
score = higher risk) (Table 1) and scores categorised into:
low (0–24); moderate (25–49); high (50–74) and very high
(75–100) dietary risk.6 Data were analysed using SPSS ver-
sion 22.0 (IBM SPSS Statistics, IBM Corporation, Armonk,
New York, USA). Dietary risk scores (sections 1–3; total)
were examined for test–retest reliability (PDQ1 vs PDQ2)
and relative validity (PDQave ((PDQ1 + PDQ2)/2) vs FFQ)
at the individual (intraclass correlations (ICC), Pearson’s cor-
relations; low ≤0.50; moderate 0.51–0.69; high ≥0.7013) and
group level (paired t-tests). To assess the strength of agree-
ment between the two methods (PDQave and FFQ), Bland–
Altman plots were constructed, assessed visually and linear
regression analysis performed to test for systematic bias.
Cross classification of subjects into dietary-risk categories
was determined and standard linear regression employed to
determine convergent validity by assessing the relationship
of dietary risk scores with socio-demographic characteristics
and Body Mass Index (BMI) z-score,14 adjusting for

covariates. Ethics approval was obtained from Flinders Uni-
versity Social and Behavioural Research Ethics Committee
(#7192). [Correction added on 7 December 2018, after first
online publication: Ethics approval statement has been
added.]

Seventy-four parents (35.5 � 4.1 years, 81% university-
educated) of preschoolers (54% female, 3.7 � 0.6 years,
BMIz 0.31 � 1.02, average Index of Relative Socio-
economic Advantage and Disadvantage (IRSAD)15 score
1003.8 � 58.66) completed all study questionnaires. Mean
total dietary risk scores ranged from 32.7 � 9.2 (PDQ2) to
35.1 � 9.7 (FFQ) (Table 1; i.e. ‘moderate’ risk). Total and
section risk scores from each PDQ administration were highly
correlated (ICC 0.83–0.92) yet statistically different for
section 1 (mean bias 4.1, 95% CI 0.5, 7.7, P = 0.027) and
total (mean bias 1.5, 95%CI 0.1, 3.0, P = 0.040) risk scores
(Table 1). Most (82%) participants were correctly classified
(18%, adjacent category) upon each PDQ administration.

PDQave and FFQ dietary risk scores were highly correlated
for sections 1 and 3 and total risk scores (all r ≥ 0.80), but
not for section 2 (r = 0.67) (Table 1). Despite no statistically
significant difference between the PDQave and FFQ for
section scores (mean bias range: −1.0 section 3 to −2.8
section 1), there was for total risk scores (mean bias −1.6,
95% CI −2.9, −0.4, P = 0.009). Bland–Altman plots (Figure 1)
show that the PDQave provides a higher estimate of risk than
the FFQ for section and total risk scores (i.e. positive mean
differences). Most measurements fell within wide 95% limits
of agreement (total risk scores, LOA −11.9, 8.6) and there was
no significant linear trend for the fitted regression line
(Table 1). Participants were classified into the same (80%) or
adjacent (20%) category upon administration of each tool.
PDQave scores were significantly negatively associated with
the number of people per household (β −0.32, 95% CI −6.69,
−0.59, P = 0.020) but not with preschoolers’ BMIz score (β
−0.09, 95% CI −0.02, −0.04, P = 0.512).

The PDQ is the first tool of its kind for use in
Australian preschoolers as it assesses whole of diet intake
(core/non-core food groups16), allowing comprehensive
evaluation of intake against dietary guidelines17 and thus
assessment of dietary risk.11 Despite significant differ-
ences between PDQ-derived total dietary risk scores upon
two administrations and on comparison with scores
derived from a FFQ, the differences were small (1.5 and
−1.6 respectively, out of 100 points). Bland–Altman plots
revealed arguably wide 95% LOA18 but no systematic
bias between the two tools, indicating good group-level
agreement. The high proportion of participants classified
into the same risk category highlights the usefulness of
the PDQ as a screening instrument to identify those at
highest risk requiring intervention. However, the lack of
association between PDQ-derived dietary risk scores and
preschoolers’ BMIz score, consistent with findings fromAccepted January 2018
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psychometric testing of the TDQ,5 suggests that the PDQ
is not appropriate for use in the obesity context. In sum-
mary, despite a slightly advantaged sample and a sample
size smaller than recommended for validation studies
(≥100),17 the PDQ is a useful screening tool for health
professionals to rapidly identify those preschoolers at die-
tary risk and subsequently facilitate referral to a dietitian
for detailed assessment and intervention.
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Figure 1 Bland–Altman plots assessing the validity of section (1, 2 and 3) and total dietary risk scores derived from the aver-
age Preschooler Dietary Questionnaire (PDQave) versus those derived from the Food Frequency Questionnaire (FFQ) among
Australian children (n = 74) aged 36–60 months. The plot shows the mean difference ( ), the 95% limits of agreement
( ) and the fitted regression line ( ) for each section (P for linear trend; section 1, P = 0.125; section 2, P = 0.077;
section 3, P = 0.106) and total dietary risk cores (P for linear trend = 0.093).
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LETTER TO THE EDITOR

Is body mass index the real issue here?
Analysis of delegate questions from the
‘weighty’ discussion

To the Editor,
The 35th National Conference of the Dietitian’s Associa-

tion of Australia was held in Sydney on 17–19th May 2018.
The conference program included a one-hour collegial
panel plenary discussion on the topic ‘Is body mass index
(BMI) the real issue here? A “weighty” discussion’.1 This
important topic was selected to allow a robust discussion
on effective approaches to counselling and nutritional man-
agement of people with obesity and obesity associated
conditions.2–5 The panel included seven dietetic experts,
each delivering a three-minute presentation, followed by a
facilitated discussion with questions from the audience. Pre-
sentation topics included social perspectives of weight
issues from a population perspective; should dietitians
worry about weight and BMI in relation to health; weight
neutral perspectives from a private practice dietitian; BMI
issues in children and adolescents; the history of BMI and
its relationship to addictive eating; strategies of big food
company advertising, public health advertising, including
shock tactics and should dietitians focus more on the social
determinants of heath; and language used in obesity
research, practice, and healthcare and its implications. The
aim of this research was to describe the questions and com-
ments received from the audience during the discussion.

The panel discussion was promoted before and during
the conference through the conference website, email sub-
scriptions, and social media. To submit questions and con-
tribute to the discussion, conference delegates were asked
to access the VoxVote© free online platform via the website
or by downloading the VoxVote© smartphone application
from the Apple or Google Play stores (FleXML, the Nether-
lands). At the commencement of the session, participants
were asked to submit one-word responses to the question
‘what topic do you think is most important to hear about
in this discussion about BMI?’ Audience members were
then invited to continue sending questions for the duration
of the discussion. Delegates had the option of submitting
their name along with their question or submitting their
question anonymously. Anonymous questions and com-
ments were transcribed to index cards and used by the
facilitator to direct discussions. Due to the number of ques-
tions received during the panel, it was not possible for the
facilitator to raise all questions and comments during the
discussion. After conference closing, all questions and com-
ments were de-identified and analysed to identify and
describe the category, frequency, and common attributes

and highlight potential research questions arising from the
discussion. This project was approved by The University of
Sydney Human Research Ethics Committee (Approval
Number 2018/956).

The audience responses to the opening question are
shown in Figure 1. Of the 46 responses, the most frequent
responses were weight (n = 3), children (n = 3), health
(n = 2), Health at Every Size (HAES) (n = 2), stigma
(n = 2) and teenagers (n = 2). Table 1 shows the categories
and attributes of audience questions and comments. Of the
85 responses received, we identified eight common catego-
ries. Many questions spanned multiple categories and/or
attributes. For example, ‘If you measure a child’s BMI, should
they be told they’re overweight? What about the mental health
concerns associated?’ was categorised within the themes: obe-
sity assessment, life stages, and psychosocial health.

The most frequently identified question category was
health outcomes vs weight loss. This category included
questions and comments ranging from weight neutral
approaches to dietetic scope of practice. A common attri-
bute of this category was the importance of patient-centred
care. This is consistent with a recent review6 concluding
that the importance of patient centred care in improving
dietitian-patient relationships was accepted in dietetic com-
petency standards and acknowledged by both dietitians and
patients. However, literature on how patient centred care in
dietetics translates to health outcomes was mixed, and the
authors suggest future research should investigate outcomes
valued by patients (e.g. quality of life) to better understand
the effects of patient centred care in dietetics.

Figure 1 One-word responses to the question ‘what topic
do you think is most important to hear about in this dis-
cussion’ generated via a word cloud from VoxVote©.Accepted February 2019
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Table 1 Categories and attributes emerging from the panel discussion questions and comments collected via Vox-
Vote (n = 80)a

Categories Frequency Attributes Verbatim questions or comments

Health
outcomes vs
weight loss

22 • Dietetic scope of
practice

‘It can be difficult to have a weight inclusive approach in practice when
Doctors refer patients specifically for weight management despite this not
being the main concern for the patient.’

‘As a profession can we move to a respectful, evidenced based dialogue on
weight management? The evidence suggestion for some individuals weight
loss does work for others it doesn’t. Our challenge is to identify the
characteristics of these groups.’

‘Why is it perceived that dietitians are either weight centric or weight
neutral? Should we all offer patient centred care?’

• Ethical and
evidence concerns

‘We have Grade A evidence that diets don’t work. Is it ethical for us as a
profession to actively promote weight loss when we know most weight is
regained plus more in 2 to 5 years?’

• Feasibility of
weight neutral
approaches at
scale and in low
socioeconomic
populations

‘Are there any examples of HAES [Health At Every Size™] population level
interventions?’

‘HAES [Health At Every Size™] seems only to be for the middle-upper class,
has there been any examples in lower SES populations?’

• Patient
centred care

‘If people in larger bodies are telling you that the term obese is stigmatising,
why aren’t you listening? What happened to patient [centred] care?’

‘Do we ask whether weight bothers the client and why or assume they want
to lose weight?’

Obesity
assessment

14 • Appropriate use
of BMI

‘Do you think it is important to actually explain BMI to a patient?’

‘Are we overthinking this? Should we not just use BMI as an objective,
non-judgemental measure as part of our overall assessment process and
counsel in a client centred way?’

‘Does knowing a person’s BMI actually change the way you treat someone
who you can see is overweight or obese? Shouldn’t the figures be saved for
population health data rather than putting stigma on patients?’

• Limitations of
BMI as a measure
of health

‘How do we assess health risk in a clinical setting if we are not using BMI?’

‘Use of technology for better measure of fat mass?’

Societal and
population
strategies

14 • Taxes and
incentives

‘What about incentivising healthy choices?’

‘Thinking about public health measures to address overweight/obesity, what
are your thoughts on introducing a tax on sugar sweetened beverages
(as part of a suite of measures) to address overweight/ obesity in
Australia?’

‘If obesity is a societal rather than individual issue, how should it be
addressed at a societal level?’

• Government
policies

‘What is needed to get government to move from shaming to inspiring
change?’

‘Are public health messages causing harm?’

‘How can we tackle the structural/environmental factors influencing obesity
while upholding the value of each person as a whole and valuable person?’
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Table 1 Continued

Categories Frequency Attributes Verbatim questions or comments

• Social
determinants of
obesity

‘Obesity is a form of malnutrition and is socially determined. We need to
show compassion and acceptance but when are we going to get angry at
the systems that continue to exacerbate inequality and blame the poor’

‘Absolutely get social determinants [of] health but still 63% of population is
overweight or obese. Is this a whole of pop issue?’

‘Food literacy is so important. We are “in so deep” with regards to the power
of “big food”, obesity rates etc. Where do we even begin?!’

Life stages 13 • Children and
adolescents

‘If you measure a child’s BMI, should they be told they’re overweight? What
about the mental health concerns associated?’

‘What additional benefit does the BMI of a child give you when diet
counselling, what difference would that make to recommended dietary
changes?’

‘Is addressing weight in childhood setting up risks of poor body image
amongst our kids?’

‘What is the cost of obesity in relation to young [children]?’
• Aging ‘What is the accepted healthy BMI for people over 65 years?’

Diets 10 • Diet as an
independent risk
factor for chronic
disease

‘Is “diet” a Bigger Issue than weight? Time to talk up Nutrition!’

‘Is diet quality more important than weight?’

‘If they’re eating nutritious foods and minimising discretionary choices then
BMI is not a relevant measure of health’

‘Is it a reduction in weight that provides results or an increase in diet quality
and exercise? Discuss studies that have separated the effects.’

Professional
conduct,
collegiality,
and cross-
disciplinary
boundaries

10 • Multidisciplinary
teams

‘At what point do you refer to an Exercise Physiologist and do you need to go
via a GP or can you directly refer?’

‘Should we be collaborating more with psychology profession?’
• Dietetic

sub-specialising
‘If you label yourself a “non-diet” dietitian, will you still consult a person who

wants to lose weight (even after you have explained the non-diet concept
to them)?’

Stigma and
language

10 • Health
professional and
patient
communication

‘How do you provide feedback on BMI without judgement?’

‘Why talk about stigma of terminology (obesity) when the damage is in the
unspoken attitudes?’

‘Is the doctor the best person to address the fat conversation and allow us to
intervene?’

Psychosocial
health

9 • Quality of life and
wellbeing

‘The final purpose of weight management is to bring high quality of life. But
if number on scale brings pressure to patient, we should swift our focus on
whether their health has been improved rather than the numbers
(e.g. BMI), shouldn’t we?’

‘Is weight gain related to wellbeing?’

a Additional anecdotes (n = 5) and questions about special conditions (n = 2) were not included in the table as they were not consistent
with the included categories. BMI, body mass index; HAES, Health at Every Size™.
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The categories of stigma and psychosocial health over-
lapped with other categories, especially comments and
questions about obesity management in children and ado-
lescents. This may indicate that dietitians attending the con-
ference are concerned about weight management
approaches in this vulnerable population. The issues of
stigma and psychosocial health in weight management are
emerging topics of research interest. Our findings indicate
dietitians are particularly interested in the evidence and
implications of these topics.

The use of VoxVote (C) allowed us to capture all ques-
tions asked and share a summation of the results with the
dietetic community. This form of interaction allowed con-
ference attendees to participate anonymously, and we spec-
ulate the use of such technology may capture a more
diverse range of opinions and questions compared to ques-
tions taken at a microphone during plenary sessions. Future
conferences should consider the use of technology in dis-
cussions to advance the profession. Limitations of this ses-
sion were that we were not able to determine the number
or demographics of delegates who engaged through Vox-
Vote or understand the reasons that delegates did not
engage with the session. This identifies considerations for
future conference planning.

In conclusion, the collegial panel discussion ‘Is body
mass index the real issue here? A “weighty” discussion’ pro-
voked a range of questions from the conference audience,
highlighting the diversity of issues concerning weight man-
agement and range of opinions within the profession. The
questions and comments received during the session may
provide potential future areas of research to advance the
dietetic profession.
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L E T T E R TO TH E ED I T OR

There is an urgent need for a consistent definition
of the metabolically healthy but obese phenotype

To the Editor:
Current overweight and obesity management guidelines in
Australia1 and elsewhere around the world,2 recommend a
widespread one-size fits all treatment approach of prescribed
weight loss, suggesting that obesity even without other risk
factors carries health risk. Recently, the concept of a meta-
bolically healthy but obese (MHO) phenotype has emerged
describing obese individuals with normal metabolic features
despite their increased adiposity.3 However, this concept is
controversial with critics arguing that the MHO phenotype is
merely a transitional state that is unstable and such individ-
uals will become metabolically obese and unhealthy with
time. The only way to answer this controversy is with longi-
tudinal studies; however, results to date have been
inconsistent.3

In a recent issue of Nutrition & Dietetics, Abdurahman
et al4 aimed to determine the prevalence of MHO and meta-
bolically unhealthy obese (MUO) phenotypes, and their
association with dietary inflammatory index among obese
Iranian people. As the authors correctly identified, the
MHO phenotype differs from the MUO phenotype by the
absence of metabolic complications despite excessive body
fatness. However, in the aforementioned study, obese indi-
viduals who had up to two metabolic abnormalities were
characterised as MHO. Clear and obvious issues arise when
individuals who are in fact not metabolically healthy are
incorrectly identified as being so. These issues and their
implications are discussed below.

Firstly, a clear demonstration of the importance of correct
definition of metabolic status can be seen from a recent
study which investigated whether mortality risk was associ-
ated with obesity per se or presence of individual metabolic
abnormalities.5 It was shown that diabetes, hypertension and
dyslipidaemia were independently associated with higher
mortality risk, even after statistical adjustment for the other
metabolic risk factors. In contrast, the true MHO phenotype,
with obesity defined by body mass index and waist circum-
ference, characterised by zero metabolic abnormalities was
not associated with increased mortality. However, when just
a single metabolic abnormality was included (as is a frequent
approach within the literature),6,7 obesity became associated
with mortality risk.

The likely reason for the inclusion of up to two metabolic
risk factors to characterise the MHO phenotype as was the
approach by Abdurahman et al4 is that the prevalence of a
true metabolic healthy but obese phenotype is low in the
general population (<10%).5 The implication and way for-
ward is that participants need to be selectively recruited
based on their baseline metabolic status and longitudinal
study designs will require larger samples.

Further compounding the challenge for studies investigating
the MHO phenotype is the diversity of potential approaches
available for assessing metabolic status. Previous studies have
made this classification based on the presence of the metabolic
syndrome components using metabolic syndrome criteria from
the Adult Treatment Panel III, while others have used the
criteria from the International Diabetes Federation and further
studies have included insulin resistance and inflammatory
markers as part of the assessment of metabolic status.8

In conclusion, there is a widespread inconsistency in the
definition and subsequent investigation of the impact of the
MHO phenotype on health outcomes and association of diet
with the MHO phenotype is frequently inappropriate. In
order to advance this area, there is an urgent need for a clear
consensus definition of MHO. This will have an impact on
aspects of study design including participant recruitment.
However, this is a crucial step to produce valid results which
advance our understanding and validate the existence of the
MHO phenotype.
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