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EDITORIAL

Food, nutrition and ageing in the twenty-first century

Traditional diets and reducing chronic
disease risk

Knowledge from populations who live long healthy lives
provide important insights into the factors that contribute
to good health as people age. We know from the observa-
tion of the lifestyles of people living in the ‘Blue Zones’
around the world that those who follow traditional lifestyles
and live in locations including California (United States),
Ikaria (Greece), Okinawa (Japan) and Sardinia (Italy) live a
long and healthy life with many centenarians.1 Features of
these healthy lifestyles include family connectedness, no
smoking, plenty of physical activity, social engagement and
a focus on a plant-based diet, with an abundance of
legumes, vegetables and fruit.1

We will all face our mortality, and generally our hope will
be to live a long and healthy life, with a minimum of time
experiencing poor health.2 Many chronic diseases associated
with ageing can be reduced with healthy lifestyle, and a
healthy diet is a key part of these modifiable risk factors. The
impact of the Mediterranean Diet on health has been widely
investigated in both observational studies and interventional
research, with evidence to support that people who follow
this traditional diet have a lower likelihood of developing
poor health outcomes. The largest trial on reducing the risk
for cardiovascular events, the PREDIMED (Prevencion con
Dieta Mediterrananea) trial, included more than 7000 people
who were at risk of cardiovascular disease (CVD).3 Partici-
pants were randomised to receive a low-fat diet, Mediterra-
nean Diet with additional extra virgin olive oil (EVOO) or
Mediterranean Diet with additional nuts, and were followed-
up for nearly 5 years. People who consumed diets based on
the Mediterranean Diet with additional EVOO or nuts were
found to have a 30% reduced risk of a CVD event occurring
compared to the low-fat diet arm.3 There are also some
promising findings to help reduce cognitive decline4; how-
ever, it is important to acknowledge that the features of the
Mediterranean Diet are common to other traditional diets as
well, such as the traditional Asian diets,5 so it is likely that
this range of food habits and nutrients can be replicated in
other healthy diet patterns.

This issue of Nutrition & Dietetics includes a paper that
describes the rationale and protocol for planned research to
investigate adherence to traditional Mediterranean Diet of
older Greek Australians and their CVD risk factors.6 We
know as people move to a new location there is a tendency
towards acculturation of lifestyle and this may result in
increasing risk for disease, if the new location follows less
healthy habits. For example, it has been observed among
Greek and Italian people living in Australia, who once had
diets high in legumes, a tendency to reduce their intake of

legumes over time, and follow other less healthy diet habits,
increasing their risk for CVD profile.7 In other research from
a longitudinal study of older people in Australia, people who
more closely adhered to the dietary guidelines, scored by an
index of the guidelines, were 58% more likely to experience
‘successful’ ageing, compared to those people with the lowest
adherence to the dietary guidelines over 10 years of follow-
up (with comparison of the highest quintile to the lowest
quintile of the index).8

A few notable food habits from traditional diets stand
out and include: vegetables (including lots of dark green
leafy vegetables and a mix of tomatoes, herbs, olive oil and
garlic), legumes, seasonal fruits, whole grains, water, nuts,
healthy fats (in the case of Mediterranean Diet, EVOO), fer-
mented foods including dairy products such as yoghurt and
fermented cheese, fish, a small amount of meat,9 and in
some traditional diet patterns, meat may not be included at
all, such as among the diets of many people from the Cali-
fornian cohort of Seventh Day Adventists.10 These diets are
higher in a range of nutrients, including the carotenoid
lutein, found predominantly in dark green leafy vegetables
but also in other selected foods such as eggs and pistachio
nuts, and it is now well documented that lutein is impor-
tant for good eye health.11

Several cohort studies have shown a reduced risk for age-
related macular degeneration (AMD) among older people
who consume diets higher in lutein, including among the
Blue Mountains Eye Study12 and the Rotterdam Eye Study.13

Recently a randomised controlled trial of people with AMD
showed that among people who have a low intake of lutein
from diet, people who consumed a supplement of 10 mg of
lutein and 2 mg of zeaxanthin had a slower progression of
AMD.14 Together, these observational studies and trial sug-
gest that people who consume amounts from diet of approx-
imately 5–6 mg/day of lutein and zeaxanthin, are less likely
to develop AMD and/or slows progression among people
with AMD.11 Interestingly our brain preferentially absorbs
lutein, and there may be other important health benefits of
this nutrient that we are still to fully understand.15 For
example, in a pooled observational study among five cohort
studies from the United States, it was reported that people
who consumed the highest quintile of lutein were 21% less
likely to die from the progressive neurological disease of
motor neurone disease.16 It is important to note that this is
based on observational data alone, and additional research is
required to investigate this further in this complex disease
that has a genetic and environmental aetiology.

A recent systematic review of all trials of the Mediterra-
nean Diet and cognition reported inconclusive overall find-
ings, though the best designed research from a substudy of
the PREDIMED trial reported improved cognitive function
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among the groups receiving a Mediterranean Diet with
EVOO or nuts.4,17 It is probable that not any one nutrient
from this diet pattern is providing a protective effect; rather
the diet pattern is likely to be working synergistically
together to reduce inflammation, lower oxidative stress,
assist with the maintenance of healthy cell structure and
enhancing β-amyloid clearance, a protein known to accu-
mulate in cognitive decline.4 So we require research that
investigates a range of foods and nutrients, which explores
emerging areas of nutrition research. There is an example of
methodology that could be applied to this emerging area of
research in this issue by Kent and Charlton,18 where they
report on the development of a new food frequency ques-
tionnaire to measure flavonoid intake. In other research, it
has been shown that flavonoid intake may play a role to
reduce risk for cognitive decline and other chronic diseases
of ageing.19

Malnutrition and ageing

There is also an important body of work, recognising the
problem of malnutrition among older people. Ever since
the sentinel paper from the 1970s of the ‘skeleton in the
cupboard’ this aspect of ageing has been on the radar,20 but
a committed response for this issue waxes and wanes from
within health and from other sectors, at a community and
population level. This issue of Nutrition & Dietetics high-
lights that malnutrition among ageing people continues to
be a challenge, and it is important to look towards effective
ways to assess and treat people with malnutrition in an age-
ing population, with many countries around the world fac-
ing this concern.21 Leipold et al.22 describe the validation
of a malnutrition screening tool that can be used in com-
munity rehabilitation programs, and malnutrition screening
tools are further investigated by Dent et al.23 and Newman
et al.24 In a climate of limited resources for health, it is
important we consider opportunities for efficient and effec-
tive screening mechanisms that allow us to provide targeted
resources to support people with malnutrition. It has been
well described that dietetic support in this condition
improves quality of life for older people, and we see this
further supported in programs that address adequate pro-
vision of food service in the aged care sector.25 In order
to do this well, we need to ensure the provision of ade-
quate resourcing for this vulnerable population group, and
yet Hugo et al.26 report data of reducing resources in the
sector, in comparison to increasing expenditure in other
institutions and in community. We cannot afford to be
complacent about providing adequately for older people
living in residential care, ensuring that provision of good
food is not only nutritionally adequate, but enjoyable and
culturally appropriate. If we do not pay attention to this
area, and resource it appropriately, people are likely to
decline more rapidly, and sadly more likely to present
with declining health in tertiary health care settings, which
is not only very resource intensive to our ever increasing
health dollar, but also ethically inadequate.

eHealth technology

Given the increasing costs to the health system, we need
new ways of providing nutrition and dietetic support to
individuals, communities and for population health. A way
forwards may be in the field of eHealth delivery, as
described by Rollo et al.27 as a cost-effective means to
deliver weight management in older adults. This may
include telephone health service delivery, described in the
study by Miller et al.28 to address hyperlipidaemia and car-
diovascular health, or by other means such as computers,
smart phone technology and iPads. Initially, there have
been some concerns whether the older population would
embrace these newer technologies, but as they become
more mainstream and with good support, there appears to
be less grounds for this argument, with increasing opportu-
nities for Smart Home technology, for example.29 Indeed,
there is growing interest in the eHealth field of research in a
variety of settings and health outcomes, such as in research
among vulnerable population groups including among
young people who self-harm30 and secondary prevention
with healthy lifestyle interventions among middle and older
people with a prior cardiovascular event.31 This research
will serve as important foundation to provide impetus to
implementation of this approach in the health and multi-
sectorial settings. Certainly, there are instances where
Health Departments are actively undertaking such pro-
grams, such as the Get Healthy campaign supported by
NSW Ministry of Health in Australia,32 and it will be useful
to consider how learnings from these experiences can be
applied more broadly in health and other settings.

Conclusions

It seems likely that the success of trials of traditional diets is
not only about the important nutrient content of the foods
but also because they offer tasty diet patterns to which peo-
ple can adhere. But it does require some effort with plan-
ning and potentially growing herbs, vegetables and fruits in
the garden (also a common part of the traditional lifestyle).
This will not suit everyone, and at different stages of life,
people are likely to need support for good planning,
whether from connectedness with families or from the
health sector or other multi-sectorial service delivery. It is
important for this to be well founded on good nutrition sci-
ence, along with culturally appropriate food provision. It is
worth investing in our ageing population to support peo-
ple’s quality of life at all stages through the lifecycle. This
means enjoying social times as we all work together to live
a life that is meaningful and considers those around us.
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ORIGINAL RESEARCH

What does it cost to feed aged care residents
in Australia?

Cherie HUGO ,1 Elisabeth ISENRING,1 David SINCLAIR2 and Ekta AGARWAL 1

1Faculty of Health Sciences and Medicine, Bond University, Gold Coast, Queensland and 2Stewart Brown Accountancy
Firm, Sydney, New South Wales, Australia

Abstract
Aim: Funding cuts to the aged care industry impact catering budgets and aged care staffing levels, which may in
turn affect the nutritional status of aged care residents. This paper reports average food expenditure and trends in
Australian residential aged care facilities (RACFs).
Methods: This is a retrospective study collecting RACFs’ economic outlay data through a quarterly online survey
conducted over the 2015 and 2016 financial years.
Results: Data were compiled from 817 RACFs, representing 64 256 residential beds and 23 million bed-days
Australia-wide. The average total spend in Australian Dollars (AUD) on catering consumables (including cutlery/
crockery, supplements, paper goods) was $8.00 per resident per day (prpd) and $6.08 prpd when looking at the raw
food and ingredients budget alone. Additional data from over half the RACFs (n = 456, 56%) indicate a 5% decrease
in food cost ($0.31 prpd) in the last year, particularly in fresh produce, with a simultaneous 128% ($0.50 prpd)
increase in cost for supplements and food replacements. Current figures are comparatively less than aged care food
budgets internationally (US, UK and Canada), less than community-dwelling older adults ($17.25 prpd) and 136% less
than Australian corrective services ($8.25 prpd).
Conclusions: The current spend on food in RACFs has decreased compared with previous years, reflecting an
increasing reliance on supplements, and is significantly less than current community food spend.

Key words: aged, budgets, malnutrition, nursing homes.

Introduction

The quality of residential aged care services is an area of regu-
lar scrutiny that will undoubtedly continue in the face of
increasing funding cuts.1,2 Aged care providers have been fac-
ing reduced profits when comparing 2016 with 2012 figures
and face increasing difficulties when working within a fund-
ing system that is prescriptive in terms of government fund-
ing.3 Financial cuts impact catering budgets and staffing and
in turn may affect the nutritional status of aged care resi-
dents.4,5 Specific to aged care, research suggests that cost

cutting reduces quality care, whereas focus on quality care
can improve cost savings.6–8 This is further supported by data
from developed countries indicating that total food spend is
associated with more nutritious dietary patterns.9

With malnutrition affecting at least one in two residents in
Australian residential aged care facilities (RACF),10,11 it is only
natural to turn attention towards obvious causes for this con-
cerning statistic. Malnutrition is associated with a cascade of
adverse outcomes, including increased risk of falls,12 pressure
injuries13 and hospital admissions,14 leading to poorer resi-
dent quality of life15 and increased health-care costs.16,17

Diminished sensory perception along with the physiology of
ageing may increase malnutrition risk.18 However, there is
emerging evidence that food insecurity or the limited ability
to access adequate, safe, tasty, nutritious and culturally appro-
priate food may also be implicated in the aetiology of malnu-
trition in residential aged care.19 Ever-tightening aged care
budgets may be impacting food insecurity and food spends
and should not be overlooked as part of the problem.

The purpose of this paper is to report current data
regarding the average expenditure on ingredients and food
in Australian RACFs.
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Methods

This was a retrospective study set across RACFs in Australia
using data collected using a pre-set survey. This pre-set sur-
vey conducted by a well recognised aged care accountancy
firm1 was developed to provide insights into the financial
performance of RACF providers. Participants self-subscribe
to be part of the quarterly survey and submit their data
every quarter, with many completing the survey on a quar-
terly basis since 2001.

The Lantern Project, a national collaboration of aged care
industry stakeholders,20 focused on improving the quality
of life of RACF residents through good nutrition, partnered
with the aged care accountancy firm to further investigate
the economic value of nutrition. In the past 2 years, in
response to work with The Lantern Project, the account-
ancy firm has requested further details in their survey
around catering costs to better understand the food spend.

This paper reports the care costs related to catering—
including crockery, cutlery—and now, more specifically,
raw food, ingredients and oral nutritional supplement costs.
Results from 1 July 2014 to 30 June 2016 are presented in
this paper. Results are sorted into bands to acknowledge
the diversity of residents represented according to care
income and acuity of resident mix (Band 1 = highest care
needs, Band 5 = lowest care needs).

Data were collected via an emailed survey, including an
excel spreadsheet for completion by the aged care provider.
Data were then imported into the accountancy firm’s pro-
prietary database. Survey reports are distributed to clients
via a secure website. The reports are provided to them in
both Excel and PDF format. These reports are provided at
RACFs and compare their data with an appropriate set of
benchmarks. The survey gives comparisons that providers
can choose to filter and compare by—including options
such as comparing against the top providers in the country
(top 25%), comparing against the top 50% and comparing
against similar size facilities. All data provided in reports are
of an aggregated nature in PDF format.

The study was reviewed and approved by the Bond Uni-
versity Human Research Ethics Committee, which provided
ethical approval for the study (project no. 0000016021).
The survey collects corporate financial data and does not
collect any information of a private or personal nature. As
part of the accountancy firm’s terms and conditions, only
de-identified data were provided to ensure the confidential-
ity of all client information. Terms of the survey give the
firm permission to publish in this format.

Data were recorded and analysed using Microsoft Excel
2010. Averages of total money spent on catering consum-
ables were calculated and presented as column graphs.

Results

The survey was completed by 817 RACFs across Australia
with the results representing 64 256 residential places
(beds) (33% of the operational places nationally) with
around 23 million bed days of data. The breakdown of

RACFs and residential places (beds) in Australia state by
state is as follows: 357 RACFs in NSW (28 251 places),
15 RACFs in ACT (1305 places), 142 RACFs in QLD
(11 865 places), 84 RACFs in Victoria (6635 places),
120 RACFs in South Australia (8880 places), 70 RACFs in
WA (4958 places), 1 RACF in Northern Territory
(65 places) and 28 RACFs in Tasmania (2297 places).

On average, AUD$8.00 was spent per resident per day
(prpd) from 1 July 2015 to 30 June 2016. The amount
spent from 1 July 2014 to 30 June 2015 was AUD
$7.52 prpd. These amounts include the cost of food and
cooking ingredients, supplements, meal replacements and
other items such as crockery, cutlery and paper goods.

Over half the aged care providers (n = 456, 56%) pro-
vided further detail of the breakdown of catering consum-
ables on food and ingredients, which decreased by AUD
$0.31 prpd (4.9% decrease in food costs) to AUD
$6.08 prpd (Figure 1). Of these facilities, there were
increases in oral nutrition supplements and food replace-
ments of AUD$0.50 prpd (128% increase) and in other
consumables (predominantly a mixture of crockery, cutlery
and paper products) of AU$0.11 per bed day (28%).

The survey breaks down costs according to resident care
needs in the past 12 months (July 2015 to June 2016 period)
(Figure 2). Band 1, representing residents with the highest
care needs, showed the highest average total spend per day,
with AUD$6.29 prpd on food and ingredients and the high-
est average spend on oral nutrition supplements and other
food replacements, whereas Band 3 showed the lowest spend
in terms of food and ingredient costs at AUD$5.40 prpd.

Discussion

To the best of our knowledge, this is the first study to pres-
ent a snapshot of the amount Australian RACFs are spend-
ing on food and ingredients. This paper therefore provides
a foundation for future benchmarking.

Current average food and ingredient budgets in Australian
RACFs are trending downwards, with a $0.31 prpd decrease
in the last 12-month period, and appear to be significantly
lower than food budgets in the Australian community, cor-
rectional services and internationally.

To contextualise the current food and consumables budgets
for aged care residents, a comparison against food budgets
elsewhere has been explored. Raw food funding prpd man-
dated in Ontario, Canada (as of July 1st, 2016) is $8.33 Cana-
dian Dollars ($8.63 AUD)21—increasing 49.6% over the
2007–2016 period, with audits around nutritional analysis
demonstrating the need for food budget increases during this
period.22 In England, weekly food payments are £26 in 2013
(£3.70 prpd—AUD$6.12 prpd), increasing 12.8% over
2008–2013. Norwegian aged care budget figures show food
costs, which included food, supplements and labour, averaged
to 102.18kr prpd (AUD$20.41 prpd) in 2007 and increasing
to 128.4kr prpd (AUD$22.86 prpd) in 2013—increasing
25.7% over the 2007–2013 period. The average daily food
cost according to a US food service census in aged care
(Long-Term Care) facilities was US$6.61 prpd (AUD

Australian aged care food budgets
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$8.98 prpd) in 2014—up slightly from US$6.59 prpd in
2013.23

The increase in supplements and food replacements in
the present paper likely indicates that aged care providers
perhaps choose supplements over fresh food and

ingredients in response to unintentional resident weight
loss. Given the ongoing high rates of malnutrition in
Australian RACFs and potentially improved awareness of
the issue despite an increased supplement spend, we are
clearly not solving the expensive problem of malnutrition

Figure 1 Breakdown of catering consumable costs (food and ingredients, oral nutrition supplements, other—crockery, cut-
lery, paper products) in 2015 ( ) and 2016 ( ).

Figure 2 Catering consumables breakdown by benchmark band (related to resident care needs, care income and acuity of
resident mix). ( ) Other—crockery, cutlery, paper products; ( ) oral nutrition supplements; ( ) food and ingredients.
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with current approaches. Strathmann demonstrated the
relationship between food budget and malnutrition risk in
2013.5 While increasing choice and food quality appears a
logical strategy and the benefits of the ‘food first’ approach
have been documented,24–26 this study demonstrates that
‘let fresh food be thy medicine’ is perhaps not the adage
currently followed in the Australian aged care industry.24–26

Increasing the aged care profit margin by reducing food
spend impacts the quality of resident care and can contrib-
ute to malnutrition rates in aged care. A recent study com-
pleted by the authors (Hugo, Isenring) has demonstrated a
reversal of trends in supplement use, and an increase in
food-first strategies has not only led to improved quality of
life measures for aged care residents but improvements in
weight and overall nutritional status and with savings in
terms of food budgets (unpublished data).

The results in this study show a reduction in food spend
in aged care over the past 12 months despite inflation fig-
ures, suggesting food costs in the community to be increas-
ing over time when looking at items such as fresh fruit,
vegetables and meals out.27

As per the Australian Bureau of Statistics (2014), in the
general community, adults younger than 35 years spend
approximately AUD$18.29 per person on food and drinks
daily.28 Young couples (average age 28 years) were the
highest spenders, with AUD$23.60 per person per day
being spent on food and drinks. Older couples were found
to be more frugal, spending AUD$17.25 per person on
food and drinks daily,29 which is still nearly thrice that of
the current aged care food budget. While cost may be con-
sidered related to higher macronutrient requirements
amongst younger age groups, the difference is not propor-
tional to the significant variation in budget. Older couples
living the community are likely to have similar energy and
protein needs to residents living in RACFs.

Australian Corrective Services currently spend $8.25 per
prisoner per day—136% more than the RACF current fig-
ures. According to policy, ‘the prison system’s custodial
responsibility requires inmates receive a diet sufficient to
maintain them, while its public responsibility means that
this must be done on a minimal budget’.30 Even at its mini-
mal value, the budget for food per prisoner per day exceeds
the average budget prpd in Australian RACFs.

In conclusion, this study demonstrates that aged care
food budgets have decreased despite inflation, reflecting
increases in fresh produce in the community over this time.
On a per resident basis, RACFs are currently spending
nearly 1.4 times less than the current food budget for pris-
oners and nearly three times less than the Australian aver-
age of older adults living in the community. Current
Australian RACFs spends are also well below comparative
aged care food budgets internationally when compared to
Canada (1.4 times less), Norway (3.8 times less) and the
US (1.5 times less). The costly burden of malnutrition is
highest in the Australian RACF setting and will not be
helped by ongoing reductions in food spend. Discussions
through advocacy groups, such as The Lantern Project, with
the government around mandating minimum food budget

spends similar to that seen in Canada along with improved
RACF nutrition education and promotion of cost neutral
strategies to improve nutritional value of meals within
budgetary constraints are suggested as a positive move in
response to this paper. Future research should explore
whether other health outcomes improve with an increase in
food spend.
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Nutritional screening and dietitian consultation rates
in a geriatric evaluation and management unit
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Abstract
Aim: Nutritional screening may not always lead to intervention. The present study aimed to determine: (i) the rate of
nutritional screening in hospitalised older adults; (ii) whether nutritional screening led to dietitian consultation and
(iii) factors associated with malnutrition.
Methods: In this prospective study of patients aged ≥70 years admitted to a Geriatric Evaluation and Management
Unit (GEMU), malnutrition was screened for using the Mini Nutritional Assessment Short Form (MNA-SF) and identified
using the Mini Nutritional Assessment (MNA).
Results: Of the 172 patients participating in the study, 53 (30.8%) patients were malnourished, and 84 (48.8%) were
at risk of malnutrition. Mean (SD) age was 85.2 (6.4 years), with 131 patients (76.2%) female. Nutritional screening
was performed for all patients; however, it was incomplete in 59 (34.3%) because of omission of the anthropometric
measurement. Overall, 62 (36.0%) of the total number of patients were seen by the dietitian, which included 26 (49%)
of malnourished patients, 27 (32%) of at-risk patients and 9 (26%) of the well-nourished patients. No patients lost >1%
of body weight during GEMU stay. Malnourished patients were more likely to be frail, have poor appetite, depression,
and have lower levels of: albumin, cognition, physical function, grip strength and quality of life.
Conclusions: The full benefits of nutritional screening by MNA-SF may not be realised if it does not result in mal-
nourished patients receiving a dietitian consultation. However, it is possible that enrichment of the foodservice with
high protein/high-energy options minimised patient weight loss in the GEMU.

Key words: aged 80 and over, geriatric assessment/methods, malnutrition/diagnosis, nutrition assessment.

Introduction

Malnutrition is a geriatric condition1 associated with mor-
tality, frailty and significant debilitation.2–4 The prevalence
of malnutrition is notably high in hospital settings, with a
recent review reporting between 12 and 79% of hospita-
lised older adults are malnourished.5 This high rate of mal-
nutrition can be attributed, for the most part, to the
common presence of comorbidities and acute illness found
in hospitalised older adults.6 Hospitals themselves can also
contribute to declines in nutritional status.6

Clinical staff can easily miss malnutrition in older adults
if nutritional screening is not performed.7 Nutritional
screening is a fast and simple means to identify patients
who are malnourished or at risk of malnutrition for referral
into the Nutrition Care Process (NCP).8 The NCP involves
the full assessment of a patient’s nutritional status, followed
by a targeted intervention and a follow-up evaluation.8 This
nutritional assessment involves a comprehensive review of a
patient’s nutritional status, including medical and dietary
history, anthropometric measurements, a physical examina-
tion, biomarker measurement, psychosocial information
and an evaluation of nutritional impact symptoms affecting
oral intake.10 Such an assessment, although comprehensive,
is not feasible for all patients in the hospital setting because
of its costly and time-consuming nature.9

Nutritional screening is recommended for routine use in
all hospitalised older patients.7,10 However, many barriers
for nutritional screening exist in the hospital setting, includ-
ing: cost,11 the perception that nutritional screening is time
and labour intensive,12,13 indecision associated with which
nutritional screening tool to use,12 the lack of routine nutri-
tional screening in many hospitals,10,13 inadequate
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information on how to administer a nutritional screening
tool correctly,11,12 the common belief by nursing staff that
individual judgement of nutritional status is superior to that
of a nutritional screening tool,12 and that nutritional screen-
ing is not important on admission.13 Moreover, when nutri-
tional screening does identify a malnourished patient, it
does not always lead to a patient’s referral to a dietitian for
entry in the NCP.14,15

In a population of hospitalised older adults, the present
study aimed to determine: (i) the rate of nutritional screen-
ing; (ii) whether nutritional screening led to dietitian con-
sultation and (iii) factors associated with malnutrition.

Methods

The study was approved by The Queen Elizabeth Hospital
(TQEH) ethics committee (protocol number: 2 010 105)
and followed ethical guidelines from the Australian Code
for the Responsible Conduct of Research, 2007. All patients
gave written informed consent (or their proxy family mem-
ber for patients unable to understand the consent form).
The study adhered to STrengthening the Reporting of
Observational studies guidelines.

The present study was prospective and observational,
recruiting consecutive patients aged 70 years and over from
the 20-bed Geriatric Evaluation and Management Unit
(GEMU) at TQEH, South Australia between October 2010
and December 2011. No patients recruited into the study
were on enteral or parenteral feeding. Exclusion criteria for
the study included physician advice for non-inclusion
(patient medically unwell or unlikely to survive; patient
physically aggressive or with elder abuse), and language
barrier or dementia/unresolved delirium without a proxy to
interview. All patients received nutritional care, regardless
of nutritional status. Interviews with patients were con-
ducted by one research scientist. The full methodology has
been described previously.16 Data on NCPs were obtained
from patient charts upon patient discharge from the ward.

Variables collected within 72 hours of patient admission
included: socio-demographics, the Mini Mental State Exam-
ination (MMSE) cognition score,19 Braden’s Skin Assess-
ment score,17 Charlson’s Comorbidity Index (CCI),18

Geriatric Depression Scale-Short Form,19 the Older People’s
Quality of Life score,20 anxiety measured using the Geriatric
Anxiety Inventory-Short Form,21 Barthel Index (BI) of activ-
ity of daily living (ADL),22 Instrumental ADL (IADL),23

problems with food supply (difficulties in cutting food;
swallowing or chewing problems; unable to use cooking
items such as the pots, and the oven), polypharmacy
(greater than five medications), community mobility using
the Life-Space Assessment (LSA),24 grip strength, albumin
level, frailty measured using Fried’s frailty criteria,25 body
mass index (BMI) (weight/height2), calf circumference (CC),
mid-arm circumference (MAC) and appetite by the Simpli-
fied Nutritional Appetite Questionnaire (SNAQ).26

The full Mini Nutritional Assessment (MNA)27 is a
well-validated, objective reference standard for diagnosing
malnutrition, and was used to objectively classify the

nutritional status of patients recruited into the present study.
The MNA is also predictive of adverse outcomes in hospita-
lised older adults.31 The MNA includes three anthropomet-
ric measures: BMI, CC and MAC, as part of its 18 questions.
The MNA is scored out of 30, with patients identified as
being in one of three categories: malnourished (scores <17
points), at risk of malnutrition (scores of 17–23.5 points)
and well nourished (scores ≥24).30 The same researcher
(ED) performed all MNA assessments.

The MNA-Short Form (MNA-SF) version contains six
questions from the full MNA, and includes one anthropo-
metric measurement: BMI, which can be substituted by CC
if there are difficulties in measuring patient weight.28 Com-
pletion of the MNA-SF is a routine admission component
for all GEMU patients, and was assessed both by ward
nursing staff and independently by a researcher. For analy-
sis purposes, patients classified as either ‘malnourished’ or
‘at risk of malnutrition’ were grouped together, with this
group referred to as ‘inadequate nutrition’, as per previous
research.16

Weight loss over GEMU stay (defined as >1% of GEMU
admission weight), and functional decline (defined as >5%
of admission BI) were computed. Data were presented as
means (SDs) or medians (range) as appropriate. Variables
were compared across the three MNA categories using
chi-square tests for categorical variables and one-way
ANOVA tests for continuous variables, with non-normally
distributed variables log-adjusted prior to this analysis and
then transferred back for reporting. A Pearson’s correla-
tion test was performed between the nurse-assessed MNA-
SF, and the researcher-assessed MNA-SF and MNA. The
sensitivity and specificity values of the nurse-assessed
MNA-SF compared to the researcher-assessed full MNA
were also computed. The relationship between outcome
measures and malnutrition by the full MNA was assessed
using logistical regression controlling for age, gender
and CCI.

Covariates adjusted for included age, gender and MMSE
score. No analyses for GEMU weight change and functional
decline were performed, due to the low levels of change for
both of these variables across hospitalisation. All data were
analysed with SPSS version 21.0 (SPSS Inc., Chicago, IL,
USA), with the level of statistical significance set at P < 0.05.

Results

A total of 172 patients participated with a mean (SD) patient
age of 85.2 (6.4 years); 131 (76%) of patients were female.
The mean (SD) MNA score was 19.0 (5.3). Patients were
hospitalised for a median of four days before GEMU entry.
Table 1 shows the factors associated with malnutrition in
GEMU patients. From this table, it can be seen that, com-
pared with non-malnourished patients, patients who were
malnourished were more likely to be frail, dependent in
ADLs, and to have problems with cutting food and accessing
food supply. Malnourished patients also showed signifi-
cantly higher depression, whilst being lower in MMSE
scores, BI, skin condition, albumin levels, quality of life
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(QOL), LSA, appetite, IADL, BMI, CC, MAC and grip
strength. There were no differences between MNA nutri-
tional groups with regards to age and gender.

MNA was highly correlated with MNA-SF assessed by
the researcher (ρ = 0.893, P < 0.001), moderately associ-
ated with BMI (ρ = 0.334, P < 0.001) and poorly corre-
lated with MNA-SF assessed by GEMU nursing staff
(ρ = 0.193, P < 0.001). MNA-SF (researcher-assessed)
showed a low correlation with MNA-SF (nurse-assessed)
(ρ = 0.251, P = 0.002). A malnutrition classification by
the MNA-SF (nurse-assessed) showed a 45% sensitivity
and 90% specificity when compared with a malnutrition

diagnosis by the full MNA. Inadequate nutrition (malnu-
trition or risk of malnutrition) identified by the MNA-SF
(nurse-assessed) showed an 83% sensitivity and 47%
specificity when compared with an inadequate nutrition
classification by the full MNA. There was no statistical
difference between groups of nutritional status with
regards to median time to GEMU nutritional screening
or GEMU LOS (see Table 1).

Nutritional screening was performed by GEMU nursing
staff for all patients, and completed in 113 (65.7%)
patients, categorised as: 33 (62.2%) malnourished patients,
59 (70.2%) at-risk patients and 21 (60.0%) well-nourished

Table 1 Characteristics of patients on admission to the GEMU

Overall
(n = 172)

Malnourished
(n = 53)

At Risk
(n = 84)

Well nourished
(n = 35) P

Gender (female), n (%) 123 (72) 43 (81) 56 (67) 24 (69) 0.172
Age 85.2 (6.4) 86.6 (6.8) 84.5 (6.2) 85.6 (6.4) 0.381
CCI 3.0 (0–12) 3.0 (0–12) 3.0 (0–10) 3.0 (0–9) NS
Depressive risk (GDS

Score > 5), n (%)
4.5 (3.4) 5.5 (3.5) 4.2 (3.5) 3.2 (2.2) 0.008

BI of ADL 59.4 (21.1) 54.1 (20.9) 59.8 (21.2) 66.6 (19.5) 0.030a

Low cognition (MMSE
score < 20/30), n (%)

37 (21.5) 18 (34.0) 15 (17.9) 4 (11.4) 0.009

Braden Skin Score 18.7 (2.7) 16.9 (3.1) 19.2 (2.2) 19.9 (2.0) <0.001b

Albumin 30.7 (4.2) 29.6 (4.1) 30.9 (4.2) 31.7 (3.8) 0.040c

QOL (OPQOL) 132.0 (16.4) 125.0 (16.5) 133.6 (14.6) 138.3 (17.5) <0.001b

Anxiety (GAI-SF Score ≥ 5),
n (%)

66 (38.3) 26 (49.0) 30 (35.7) 10 (28.6) 0.121

Appetite (SNAQ) 13.2 (3.2) 11.7 (3.3) 13.3 (2.9) 15.1 (2.6) <0.001d

IADL 3.5 (2.6) 2.5(2.2) 3.8 (2.5) 4.4 (2.8) 0.001b

BMI (kg/m2) 25.3 (6.5) 22.6 (6.6) 25.9 (5.9) 28.0 (6.5) <0.001b

CC (cm) 31.8 (5.0) 28.7 (4.6) 32.3 (4.4) 35.4 (4.1) <0.001d

MAC (cm) 26.1 (4.9) 23.8 (4.3) 26.6 (4.4) 28.4 (5.6) <0.001b

LSA 16.3 (6.9) 13.0 (6.1) 16.9 (6.7) 19.9 (6.7) <0.001b

Grip Strength (kg) 16.4 (7.8) 12.7 (6.2) 17.3 (7.7) 19.7 (8.2) <0.001b

Problems with cutting food,
n (%)

54 (31.4) 26 (49.1) 19 (22.6) 9 (25.7) 0.004d

Swallowing or chewing
problems, n (%)

58 (33.7) 24 (45.2) 28 (33.3) 6 (17.1) 0.024d

Frailty (fried), n (%) 96 (55.8) 47 (88.7) 42 (50.0) 7 (20.0) <0.001d

Outcomes
Weight loss over GEMU

stay (kg)
−2.8 (2.49) −2.47 (2.65) −2.51 (2.55) −0.49 (2.20) 0.874

BI functional change over
GEMU stay

6.0 (−68.0 to 59.0) 7.0 (−34.0 to 42.0) 7.5 (−36.0 to 59.0) 4.0 (−68.0 to 33.0) 0.177

Abbreviations: ADL, Activities of Daily Living; BI, Barthel Index; BMI, body mass index; CC, calf circumference; CCI, Charlson’s Comorbid-
ity Index; GAI-SF, Geriatric Anxiety Inventory-Short Form; GDS-SF, Geriatric Depression Scale-Short Form; GEMU, Geriatric Evaluation
and Management Unit; IADL, instrumental ADL; LSA, life-space assessment; MAC, mid-arm circumference; MMSE, Mini Mental State
Examination; NS, not significant; OPQOL, older people’s quality of life; QOL, quality of life; SNAQ, Simple Nutritional Appetite
Questionnaire.
Data are presented as mean (SD) for normally distributed variables, median (range) for non-normally distributed variables and n (%) for cat-
egorical variables (n = 172).
(a)Differences between the malnourished and well-nourished groups.
(b)Differences between the malnourished and well-nourished groups, as well as between the malnourished and at-risk groups.
(c)Differences between the malnourished and at risk of malnutrition groups only.
(d)Differences between all groups.
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patients (see Table 2). For each patient without a completed
MNA-SF, the final question (BMI or CC measurement) was
left blank by nursing staff. Also 76 (67.3%) of patients had
inadequate nutrition (malnutrition or at risk of malnutri-
tion) were correctly identified as having inadequate nutri-
tion. Overall, 62 (36.0%) of the total number of study
patients were seen by the dietitian, which included
26 (49%) of the total number of malnourished patients,
27 (32%) of at-risk patients and 9 (25.7%) of the well-
nourished patients. Of the 62 referred patients, the dietitian
gave verbal advice for 10 (16%) patients, a personal plan
for 43 (69%) patients, a combination of a personal plan
and verbal advice for 6 (10%) of patients, and ‘other’ for
3 patients (4%) based on patient case notes.

Patients who missed a nutritional screen were more
likely to be older and to have a lower MMSE score. Patients
with inadequate nutrition who missed dietitian consultation
were more likely to be less educated, older, female and suf-
fering depression. There was no difference in cognition con-
cerning which patients received dietitian consultation.

Discussion

The present study investigated nutritional screening in
older adults hospitalised in a GEMU. We found that
although nutritional screening was undertaken for all
patients, it was incomplete in 34% of cases due to the omis-
sion of the anthropometric component of the MNA-SF
(BMI or CC measurement). Thus, the present has uncov-
ered an otherwise unreported issue with MNA-SF. In addi-
tion, we found that only 58% of patients identified as
malnourished received a nutritional consultation. However,
regardless of nutritional status or dietitian consultation, no
patient lost >1% of their body weight in the GEMU, or 5%
of their baseline physical function. This result likely reflects
nonacute and rehabilitative nature of the GEMU, with its
already established nutritional strategies such as: a menu
with energy- and protein-dense meals, the monitoring of

patient food intake by nursing staff, and the establishment
of protected mealtimes, the latter of which has been found
to be effective in improving food intake in hospitalised
older adults.29,30

The present study also looked at factors associated with
malnutrition. Malnourished patients were more likely to be
frail, have poor appetite, and lower levels of: albumin, cog-
nition, function (both ADLs and IADLs), grip strength and
QOL. They were also more likely to be depressed. Very few
studies have investigated the association of malnutrition
with depression in the hospital setting, although this topic
is of emerging research interest in community dwelling
older adults, with depression having a profound impact on
both appetite and malnutrition.31,32 Malnourished patients
in this study were also more likely to report problems with
cutting, swallowing and chewing food. There were no dif-
ferences between MNA nutritional groups with regards to
age, gender or demographics.

In the present study, nursing staff were less accurate in
identifying patient malnutrition than the trained researcher.
Therefore, education and training of nursing staff on the
use of nutritional screening tools is recommended, with
previous research finding significant improvements in the
accuracy of nutritional screening after staff training.9,12,13,33

In addition, given that dietitian presence on hospital wards
can improve the knowledge of nutritional screening by
nursing staff,34 it is also recommended that there be an
increased access to dietitians on the ward.

Across TQEH, two dietitians were employed during the
study’s time period; however, they often faced time con-
straints to see patients of all ages across the hospital.35 The
screening-assessment-intervention pathway within the NCP
is particularly important to close if there are no other sup-
portive strategies for nutrition care of older adults in the
hospital,34 including meal fortification with higher protein
and energy, food intake monitoring and protected meal-
times. Fortunately, these systems were in place at the
study site.

Table 2 Evaluation of nutritional screening in hospitalised older adults admitted to a GEMU (n = 172)

Malnourished (n = 53)
At risk of

malnutrition (n = 84) Well nourished (n = 35)

Screening
completed

Screening
incomplete

Screening
completed

Screening
incomplete

Screening
completed

Screening
incomplete

All patients, n (%) 33 (62.2) 20 (37.8) 59 (70.2) 25 (29.8) 21 (60.0) 14 (40.0)
Identified in correct MNA

category, n (%)
15 (45.5) — 36 (61.0) — 11 (39.3) —

Identified patients as either
malnourished or at risk of
malnutrition, n (%)

30 (90.9) — 46 (78.0) — 0 (0) —

Seen by Dietitian, n (%) 19 (35.8) 7 (35.0) 16 (19.1) 11 (44.0) 7 (33.3) 2 (14.3)
Median time to GEMU

nutritional screen days (range)
0 (0–7) — 0 (0–7) — 0 (0–7)) —

Median number of days after
admission before dietitian
consultation, days (range)

2 (0–9) — 3 (0–11) — 2 (0–12) —

Abbreviations: GEMU, Geriatric Evaluation and Management Unit; MNA, Mini Nutritional Assessment.
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The rate of completed nutritional screening tests in the
present study (66%) is similar to that found in Australian
and New Zealand acute-care wards by the Australasian
Nutrition Care Day Survey (ANCDS) (64%).36 The ANCDS
also highlighted that there are several nutritional screening
tools used in Australian hospitals, many of which are not
well validated for older adults.36 The present study used
the MNA-SF because of its high validity and reliability in
identifying malnutrition hospitalised older adults.5,16,37

However, given that nursing staff often omitted the CC
component of the MNA-SF, future research could perhaps
look to identify barriers preventing CC measurement and in
completing nutritional screening tools in general.

There is also the potential to substitute the anthropomet-
ric measure of MNA-SF with a biomarker, although this
may detract from the ease and simplicity of MNA-SF as a
screening tool, and its validity and reliability would have to
be determined. Alternatively, a nutritional screening tool
without an anthropometric measure could be used. For
instance, the Malnutrition Screening Tool does not contain
anthropometric measures, and has recently been validated
for older adults in the hospital setting,38 although it too,
does have problems with low completion rates.9 Future
research could also focus on tracking patients’ nutritional
pathways across hospitalisation. This process would identify
whether foodservice system strategies to prevent malnutri-
tion were in place, whether there were specific barriers to
dietitian referral, such as staff knowledge of the appropriate
referral pathway, time and cost barriers, and lack of docu-
mentation in a patient’s chart.4

The present research was an observational cohort study.
Thus, whilst results can be used to inform clinical prac-
tice, they should not be used in isolation to comment on
the effectiveness of nutritional screening in the hospital
setting. Any influence on clinical practice or hospital pol-
icy would require research into the effectiveness of com-
bined screening and interventions. Another limiting factor
was that patients were pre-selected for GEMU admission
based on their potential to improve during hospitalisation.
This pre-selection could give a selection bias to the results.
There is also the likelihood that recruited patients were
less malnourished than patients not recruited. A further
limitation was that dietitian diagnosis of malnutrition was
not used.

Of note, patients were in the hospital for an average of
four days prior to their GEMU admission. There is the
distinct possibility that several patients may have lost
body mass prior to their GEMU admission. The present
study did not investigate nutritional screening processes
in other wards in the hospital prior to patients being
transferred to the GEMU. In addition, dietitian referral
was not recorded in this research; only dietitian consulta-
tions. Despite these limitations, there were several advan-
tages to the present study, including: no inter-tester
variation (all nutritional assessments performed by one
researcher); patients with dementia were included (this
population is often excluded in nutritional studies), and
the data set was comprehensive.

In conclusion, we identified that nursing staff often omit-
ted the anthropometric component of the MNA-SF. In
addition, the full purpose and benefits of nutritional screen-
ing by MNA-SF may not be realised if it does not result in
malnourished patients receiving a dietitian consultation. It
is possible that enrichment of the foodservice with higher
protein/higher energy options, the monitoring of patient
food intake by nursing staff, and the establishment of pro-
tected mealtimes in the GEMU minimised patient weight
loss in this setting during the present study. This is cer-
tainly an area for future, more focused studies, but suggests
such broad-scale interventions are essential in addition to,
but particularly in the absence of, completion of the
screening-assessment-intervention pathway within the NCP.
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Dietetic intervention for inpatients on fluid-only diets
helps to achieve nutritional requirements
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Abstract
Aim: The present study aimed to assess whether dietetic intervention helps patients on fluid-only diets to meet their
energy and protein requirements. This topic has not been previously investigated.
Methods: A quasi-experimental study of 57 patients receiving fluid-only diets was conducted at The Townsville Hos-
pital. The fluid consumption of participants was observed over 24 hours and was used to calculate total energy and
protein intakes. The percentage of protein and energy requirements met was compared between patients receiving
dietetic intervention and patients who were not.
Results: Patients receiving dietetic interventions met a higher percentage of their energy requirements (75.88) than
the control group (18.10) based on median intakes (P < 0.001). Patients receiving dietetic intervention also met a
higher percentage of their protein requirements (75.99) than the control group (13.80) based on median intakes
(P < 0.001). Stratification for age, body mass index (BMI) and fluid diet type showed no change in effect.
Conclusions: This study shows that dietetic intervention enabled patients on fluid-only diets to meet up to 80%
more of their energy requirements and up to 95% more of their protein requirements. These results were consistent
across age, BMI and fluid diet type. The significance of these differences has resulted in a change of clinical practice
at the study hospital. All patients on fluid-only diets for three days or longer are now blanket referred for dietetic
intervention.

Key words: diet therapy, energy, fluid-only diet, inpatients, malnutrition, protein.

Introduction

A common feature of hospital treatment is the prescription
of fluid-only diets; often prescribed following gastrointesti-
nal surgery, during acute gastrointestinal illness or in
patients who are unable to chew or swallow solid foods.1

Clear fluid diets typically precede free fluid diets. They are
prescribed on the assumption that these liquids are gener-
ally well tolerated, readily absorbed, leave minimal

intestinal residue and reduce the excretions of the digestive
system.2 Clear fluid and free fluid diets differ in that the
free fluid diet is less restrictive, allowing all types of fibre-
free liquids.1 Fluid-only diets are generally inadequate in all
micronutrients and macronutrients. Therefore, they are
recommended for use for no longer than three days.2

Within Australia, approximately 10–50% of hospitalised
patients are malnourished.3–5 Malnutrition has been
reported to increase the risk of mortality and morbidity,
infection and complications in hospital6 and is associated
with an increased length of hospital stay.4,5 Dietetic inter-
ventions in hospitalised patients have been shown to
improve outcomes in a number of clinical areas, including
oncology and orthopaedic patients.7–9 Nutrition supple-
mentation, individualised dietary counselling or a combina-
tion of both can increase patients’ protein and energy
intakes and may influence overall nutritional status.10,11

Dietitians also play a major role in ensuring that hospital
inpatients meet their nutritional requirements. The pre-
scription of enteral and parenteral nutrition is a core role of
hospital-based dietitians and can provide patients with
additional energy and protein, particularly when on restric-
tive diets, such as fluid-only diets. Until now, the impact of
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dietetic intervention on the energy and protein intakes of
patients on fluid-only diets has not been investigated.

Patients on fluid-only diets at The Townsville Hospital
(TTH) are typically referred to a dietitian only if a doctor or
other clinician refers them. Patients are also referred by
nutrition assistants or nursing staff using the Malnutrition
Screening Tool12 if they score a two or more when malnu-
trition screening is conducted on admission and weekly
thereafter. The current procedure is that patients on a clear
fluid diet are automatically offered a clear fluid nutrition
supplement drink at mid meal times by a nutrition assis-
tant, regardless of having been seen by a dietitian. This sup-
plement drink provides 1403 kJ and 11 g protein. There
are no standard dietary extras for patients on free fluid
diets. The aim of this study was to describe the intake of
patients receiving fluid-only diets and compare patients
who were referred for dietetic intervention to patients who
were not. The rationale was that patients receiving dietetic
interventions will more closely reach their energy and pro-
tein requirements.

Methods

A quasi-experimental study of 57 patients receiving fluid-
only diets was conducted at TTH. Data were collected
across an eight-month period, between November 2014
and July 2015. Ethics approval was gained from The
Townsville Hospital and Health Service Human Research
Ethics Committee. All patients admitted to TTH who
received a clear fluid or free fluid diet were eligible for the
study. Recruitment occurred on weekdays during dietitians’
working hours. Patients were excluded from the study if
they were pregnant, younger than 18 years, had an admis-
sion less than one day or had their diet upgraded to solids
in less than one day. Additionally, patients who were
admitted under Emergency, Maternity, Mental Health, Pae-
diatric, Palliative Care or Intensive Care units were
excluded. Data collection was undertaken for a period of
eight months within the resources of the researchers and
was ceased because of similar trends observed on weekly
data entry and interim analysis.

Eligible patients were approached by trained nutrition
assistants to obtain consent. Patients were considered to be
in the intervention group if they were receiving dietetic
intervention as part of usual care. Conversely, patients were
considered to be in the control group if they were not
receiving dietetic intervention. Patients in the control group
received the standard order of fluid that was pertinent to
their diet code (Table 1). Patients in the intervention group
were assessed by a dietitian and were prescribed extra fluid
items or supplement drinks and received dietetic advice,
education, or alternative feeding (enteral or parenteral nutri-
tion) in keeping with usual clinical dietetic practice. Dietetic
interventions aimed to provide additional energy and pro-
tein to that provided by the standard meal order for the
clear fluid and free fluid diets (5500 kJ, 23 g protein and
6700 kJ, 54 g protein, respectively).

Patient demographics, including age and gender, as well
as anthropometric data of weight and height were collected
from a review of all patients’ medical records. The fluid
consumption of all study patients was observed by a dieti-
tian from the study group on the ward over 24 hours,
including breakfast, lunch, dinner and two mid meals
(morning tea and afternoon tea). Fluids containing minimal
nutritional value, such as tea and coffee, were not included.
Intake was recorded using the validated Comstock 6-point
visual estimation scale (Appendix I).13 All five researchers
involved in data collection were trained in using the Com-
stock scale. Internal validity was assured by all researchers
observing fluid diet meal trays specially prepared represent-
ing proportion eaten—all, 3/4, ½, ¼, one bite eaten or none
eaten—with results assessed until internal consistency was
achieved. Alternative nutrition support, such as enteral or
parenteral nutrition, was recorded to measure energy and
protein received. Additional items provided by family or
friends were also recorded as required. Total energy and
protein intakes were then calculated for each patient using
a Microsoft Excel (2003, California) spreadsheet formula to
generate the sum of protein and energy across meals and
extra items.

Estimated energy requirements (EER) and estimated pro-
tein requirements (EPR) for each patient were calculated
using the Queensland Health Nutrition Education Materials
Online equations for non-hypermetabolic patients using the
upper end of the reference ranges (energy = 125 kJ/kg/day,
protein = 1 g/kg/day). This was based on the patients’ cur-
rent weight or adjusted ideal body weight for those with a
body mass index (BMI) greater than 25 kg/m2.

Quantitative assessment of dietary intake was expressed
as a percentage of energy and protein requirements met,
rather than total energy and protein intakes, to allow com-
parison. A between-group comparison was performed on
the control and intervention groups.

De-identified data was imported into SPSS v22 (IBM,
Chicago, IL, USA). Because of the small sample size, nonpa-
rametric tests were used to determine differences between
the groups. Numerical data were not normally distributed
and so was analysed by the Mann–Whitney U test. Catego-
rical data were analysed employing the chi-square test.
Results were adjusted for age, gender, BMI and diet type. A
P-value less than 5% was considered to be statistically
significant.

Results

A total of 135 patients were identified as eligible to partici-
pate, and 125 of these consented to the study. Of these,
57 patients remained on the fluid only diet for a complete
24-hour data collection period. There were 24 patients in
the intervention group and 33 in the control group. The
difference in the number of participants in each group was
because of the higher number of patients on fluid-only diets
who were not receiving dietetic intervention. There were
five patients who transitioned from a clear fluid to a free
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fluid diet during the data collection period and so were not
included in the analysis for diet type.

There was an insignificant difference (P > .05) in the
median age of the intervention group (51 years) and con-
trol group (63.5 years) (Table 2). The median BMI of the
intervention group was lower than the control group but
did not achieve significance (P > .05). There were signifi-
cantly more males in the intervention group (n = 16) com-
pared to the control group (n = 12) (X2 = 5.10;
df = 1; P < .05).

Dietetic interventions, as recorded in the patient medical
records, included oral nutrition support, enteral nutrition
and parenteral nutrition. A total of 67% of the intervention
group were on oral nutrition support (nutritional supple-
ment drinks); 4% were receiving enteral nutrition (n = 1),
and 29% were receiving parenteral nutrition (n = 7)
(Table 2).

Patients on the free fluid diet met a significantly higher
percentage of energy and protein requirements compared to

those on the clear fluid diet. Based on median intakes,
patients on a free fluid diet met 44.40% of their energy
requirements (IQR: 60.23, P < .05) compared to those on a
clear fluid diet, who met 18.66% of their energy require-
ments (IQR: 46.28, P < .05). Patients on a free fluid diet
met 39.87% of their protein requirements (IQR: 71.13,
P < .005) compared to those on a clear fluid diet, who met
4.51% of their protein requirements (IQR: 28.97, P < .005)
(Table 3).

Patients in the intervention group met a significantly
higher percentage of energy and protein requirements on
either free or clear fluid diets when compared with the con-
trol group. The intervention group met 81.50% of their
energy requirements (IQR: 54.97, P < .001) and 90.27% of
their protein requirements (IQR: 77.13, P < .001) on a free
fluid diet compared to the control group, which met
19.85% of their energy requirements (IQR: 25.00, P < 001)
and 20.19% of their protein requirements (IQR: 30.13,
P < .001). The intervention group met 56.99% of their
energy requirements (IQR: 83.88, P < .05) and 45.47% of
their protein requirements (IQR: 95.92, P < .01) on a clear
fluid diet compared to the control group, which met
11.40% of their energy requirements (IQR: 33.54, P < .05)
and 2.33% of their protein requirements (IQR:
17.72, P < .01).

Discussion

Fluid-only diets are frequently used in the hospital setting.
These diets are inadequate in all micronutrients and
macronutrients, and prolonged use may increase the risk
of malnutrition.2 Prolonged hypocaloric diets may have
various negative implications, particularly in surgical
patients.14 For example, delayed feeding post-surgery has
been shown to increase infection and delay wound heal-
ing.14 Additionally, the risk of a patient developing refeed-
ing syndrome is also increased after more than five days
of minimal oral intake when combined with other risk fac-
tors such as weight loss or low BMI.15 The present study
shows dietetic intervention enabled patients on fluid only
diets to meet up to 80% more energy and up to 95%
more of their protein requirements daily. These results
were consistent across age, BMI and fluid diet type. These
results suggest that dietetic intervention for hospitalised
patients on fluid-only diets may assist to prevent or reduce
malnutrition risk through improving dietary intake and/or
allowing adequate provision of alternative nutrition during
weaning periods.

The present study quantified, for the first time, the
reduced energy and protein intakes of patients on fluid-
only diets. When adjusted for age, gender and BMI, it
appears that people with a BMI ≤ 25 kg/m2 on a clear
fluid diet were less likely to meet energy or protein
requirements. Patients with a BMI ≤ 25 kg/m2 not receiv-
ing dietetic intervention consumed 82% less of their daily
energy requirements and 90% less of their daily protein
requirements.

Table 1 Standard daily fluid diet order for patients on clear
fluid and free fluid diets at The Townsville Hospital

Clear fluid diet Free fluid diet

Breakfast Clear broth
Apple juice
Jelly

Clear broth
Apple juice
Jelly
Full-cream milk
Custard

Morning tea Tea/coffee without
milk

Cordial
Clear fluid supplement

drink

Tea/coffee with
milk

Cordial

Lunch Clear broth
Apple juice
Jelly

High-protein
soup

Orange juice
Custard
Jelly

Afternoon tea Tea/coffee without
milk

Cordial
Clear fluid supplement

drink

Tea/coffee with
milk

Cordial

Dinner Clear broth
Apple juice
Jelly

High-protein
soup

Full-cream milk
Custard
Jelly
Ice cream
Yoghurt

Supper Tea/coffee without
milk

Cordial

Tea/coffee with
milk

Cordial
Total energy

(kJ)
5500 6700

Total protein
(g)

23 54

Dietetic intervention for fluid diets
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There was a significant difference in the energy and pro-
tein intakes of patients on free fluid and clear fluid diets.
Patients receiving the free fluid diet met a significantly
higher percentage of their estimated requirements than
patients receiving the clear fluid diet. Those on a clear fluid
diet risked meeting 80% less of their daily energy require-
ments and 95% less of their daily protein requirements if
not reviewed by a dietitian. This difference in energy and
protein intake was expected given that the free fluid
diet allows dairy-based foods, which are higher in energy
and protein. Nevertheless, either fluid diet, without the use
of nutritional supplement drinks, cannot meet vitamin or
mineral requirements for any patient group. Patients requir-
ing the long-term use of fluid-only diets should therefore
be considered for nutritional supplementation. The results
of the study support the current practice at TTH of offering
patients on the clear fluid diet a mid meal, clear-fluid sup-
plement drink as standard practice.

Alternative nutrition was used in addition to oral fluid
diets in 33% of patients. These patients were all under die-
tetic review for the prescription of enteral or parenteral
nutrition. With the addition of these prescriptive nutrition
support methods, these patients were expected to meet a
higher percentage of their requirements. The purpose of
this study was to investigate whether dietetic interventions,
as a whole, helped patients to better meet their require-
ments rather than exploring the difference between types of
interventions. Dietetic interventions are formed based on a
range of clinical issues; therefore, it would not be of value
to explore if one type of intervention was better at meeting
a higher percentage of requirements to implement as a
blanket intervention. The dietitian plays a key role in the
weaning of patients from alternative nutrition by providing
energy- and protein-dense oral supplementation to comple-
ment the transition. This supports the need for dietetic
intervention in this patient group to ensure appropriate
nutrition provision.

Various research studies support the role of dietitians in
improving patient outcomes.7,9–11,16,17 In particular, dietary
interventions by nutritional supplementation, individualised
dietary counselling or a combination of both have been
shown to increase patients’ energy and protein intakes,
influence overall nutritional status and also lead to an
improvement in clinical outcomes.11 Dietary counselling
alone has been found to have an impact on outcomes. One
study found that counselling may increase intakes of

calcium, protein and calories.9 Other studies involving
oncology patients have found that quality of life and nutri-
tional status may improve following dietary counselling,
when compared to the provision of written information
only.7,16 Benefits have also been observed when dietetic
intervention and counselling are combined with dietary
supplementation.10 Nutritional supplements (including
food fortification and enteral feeding), along with dietary
advice, have been associated with increased energy intake
and weight when compared to dietary advice alone.11

A limitation of the present study was the small sample
size, which was caused by two factors: a pragmatic decision
to limit the additional workload of the researchers and the
number of eligible patients during the data collection
period. A power calculation was unable to be performed as
no similar studies exist; therefore, recruitment was based
on the time frame that was within the resources of the
researchers, with the aim to achieve similar sample sizes in
each group. The small sample size did not change the sig-
nificant differences noted in the results. Another limitation
was that the researchers recording the dietary intakes were
not blinded to the intervention and control groups. This
could be seen as a potential source of bias. If a bias was
present, it may change the size of the differences seen but
not the presence of the differences given the use of a vali-
dated tool for data collection. Participants provided consent
to be involved in the study and were therefore aware that
their dietary intake would be monitored. This may poten-
tially have been a source of bias if patients inadvertently
changed their eating behaviours. To reduce this bias, the
protocol involved observing meal trays after they had been
collected from the bedside by foodservice staff as per usual
practice. It could be assumed that the effect would be equal
across both groups. An additional limitation is that the
study did not consider each patient’s clinical condition or
other clinical outcomes. However, patients were primarily
recruited from surgical, oncology and gastroenterology
wards. The researchers subjectively identified a high per-
centage of patients with gastrointestinal disorders, such as
bowel obstructions, colitis, chemotherapy-related mucositis
and those transitioning to a diet from gastrointestinal sur-
geries. Furthermore, energy and protein requirements were
not patient-specific, with non-hypermetabolic requirements
used for the whole study group. This could impact the
accuracy of the percentage of protein and energy require-
ments met by each patient.

Table 2 Number of patients in the control and intervention groups according to age, gender, BMI and diet type

Age ≤ 65
(years)

Female
gender

BMI > 25
(kg/m2)

Clear
fluid

Free
fluid

Clear to
free fluid EN(a) PN(b)

Control (n = 33) 22 21 23 18 13 2 0 0
Intervention (n = 24) 14 8 12 10 11 3 1 7
Total (n = 57) 36 29 35 28 24 5 1 7
Percentage sample (%) 63.2 50.8 61.4 49.1 42.1 8.8 1.7 12.3

a Enteral nutrition.
b Parenteral nutrition.
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Malnutrition within the health-care setting continues to
be the cause and consequence of ill health across many
patient groups.6 A core priority of Queensland Health is to
reduce the incidence of malnutrition. The findings of this
research have resulted in a change of clinical practice at the
study hospital. As of February 2016, all patients on fluid-
only diets for three days or longer are blanket referred for
dietetic intervention. This is in addition to the Malnutrition
Screening Tool being conducted on admission and every
seven days by nutrition assistants and nursing staff to iden-
tify patients at risk of malnutrition. This research project
did not assess the cost or impact on the workload of dieti-
tians when blanket referrals are made for patients on fluid-
only diets for three days or longer. Future studies at TTH
may examine the cost of implementation and the benefits
to the health service.

The small sample size impacts the ability to generalise
results more broadly to other institutions; however, it
may be helpful when considering protocols for nutritional
support for patients on fluid-only diets. These results
raise awareness of the risks associated with the use of
hypocaloric fluid diets and suggest the need for the provi-
sion of nutritional supplementation and/or dietetic inter-
vention for patients on fluid-only diets to improve the
nutrient adequacy of meal provision. Local data collection
is advised to assess the clinical need of each institution.

Dietetic intervention for patients on fluid-only diets may
assist them to better meet a higher percentage of their
energy and protein requirements. Further research needs to
be conducted on the prescription of fluid-only diets in hos-
pitalised patients and ways to improve patient outcomes
with nutrition support, including a cost versus benefit
analysis.
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APPENDIX I
Example of data collection tool—Comstock 6 Point Visual Estimation Scale

CLEAR FLUIDS 

Breakfast 

Food item None consumed One bite eaten 1/4 consumed 1/2 consumed 3/4 consumed All consumed 

Clear Broth             

Apple Juice             

Jelly             

FREE FLUIDS 

Breakfast 

Food item None consumed One bite eaten 1/4 consumed 1/2 consumed 3/4 consumed All consumed 

Clear Broth             

Apple Juice             

Jelly             

FC Milk       

Custard             

Dietetic intervention for fluid diets
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ORIGINAL RESEARCH

Delayed postoperative diet is associated with a greater
incidence of prolonged postoperative ileus and longer
stay in hospital for patients undergoing
gastrointestinal surgery

Joanna REES ,1 Kelly BOBRIDGE,2 Catherine CASH,2 Philippa LYONS-WALL,1 Rebecca ALLAN2

and Jacqui COOMBES1
1Edith Cowan University, School of Medical and Health Sciences Joondalup Campus and 2Dietetics, Joondalup Health
Campus, Joondalup, Western Australia, Australia

Abstract
Aim: Recent evidence favours a move away from delaying postoperative nutrition towards early feeding practices
for better patient outcomes after gastrointestinal surgery. The aim of the present study was to investigate postopera-
tive diet progression and patient outcomes in a secondary hospital with a view to inform future practice.
Methods: This was a retrospective study of gastrointestinal surgery patients (n = 69) at a Western Australian general
hospital. Demographic data and outcomes were collected from patient records and included presence or absence of
prolonged postoperative ileus, length of stay in hospital, days on minimal nutrition and days until first flatus or
stool.
Results: A significant positive association was observed between number of days a patient remained on minimal
nutrition and length of stay in the overall group (r = 0.66, P < 0.01). Patients who developed prolonged postopera-
tive ileus (n = 18, 26%) had a greater number of days on minimal nutrition (20.0 vs 8.0 days, P < 0.01), longer stay
in hospital (15.0 vs 8.0 days, P < 0.01) and increased number of days to first flatus or stool (4.0 vs 2.4 days,
P < 0.01) compared with those who did not develop prolonged postoperative ileus (n = 51, 74%).
Conclusions: This retrospective study of current practice in a secondary-care general hospital highlights the gap
between traditional care and the improved outcomes reported in the literature when early feeding practices are
adopted after GI surgery. Further investigation of barriers and enablers is necessary to provide insight into develop-
ing the most appropriate strategy to achieve this.

Key words: delayed nutrition, enhanced recovery after surgery guideline, gastrointestinal surgery, prolonged
postoperative ileus.

Introduction

Recent developments in feeding progression for patients fol-
lowing gastrointestinal (GI) surgery have shown a move
away from more traditional practices of withholding nutri-
tion until resumption of normal bowel function, towards
initiation of early oral feeding within the first postoperative
day.1–4 The rationale for commencing earlier oral nutrition
is based on growing evidence portraying improved

outcomes, less complications and reduced length of stay in
hospital (LOSH) for patients receiving this treatment. These
successes resulted in the development and increasing adop-
tion of the enhanced recovery after surgery (ERAS) care
pathway and other similar but less complex fast-track
protocols.2,3,5–10 However, some centres maintain tradi-
tional practices, reportedly due to the extra demand on
hospital resources required to introduce the new protocols
and other barriers such as physician preferences and reluc-
tance to change practice.4,11,12

The time a patient takes to recover from GI surgery can
be influenced by the development of complications such as
prolonged postoperative ileus (PPOI), in which there is
reduced intestinal motility or infection.3,13–15 Research has
shown that early feeding significantly reduces the incidence
of PPOI and subsequently lessens the burden that PPOI
imposes on GI surgery patients and the health-care sys-
tem.5,16 The advent of automated menu systems offers an
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accurate and convenient way to monitor feeding progres-
sion and LOSH, which could be used to explore an associa-
tion with patient outcomes. The aim of the present study
was to observe postoperative feeding practices after GI sur-
gery and patient outcomes in a secondary hospital. It was
hypothesised that the length of time a patient was kept on
minimal nutrition, measured by the number of meals they
remained on a diet of nil by mouth or clear fluids, would
be associated with longer LOSH and with the presence of a
postoperative complication such as PPOI. Additionally, it
was hypothesised that patient outcomes in a hospital that is
potentially subjected to historical practice of delaying nutri-
tion, may compare unfavourably with those from hospitals
that are moving towards ERAS protocol and earlier postop-
erative nutrition.

Methods

This retrospective observational study was conducted at a
580-bed secondary hospital in Perth, Western Australia
where ERAS guidelines are not current protocol. Inclusion
criteria were patients over 18 years old who had undergone
GI surgery between January 2015 and July 2015. Data were
collected from the patient medical health records and auto-
mated menu records. All surgical cases that would normally
involve a dietitian were considered, and data were obtained
by selection from the patient list provided by the dietetics
department. The list included procedures such as ileos-
tomy, colostomy, small and large bowel resections, appen-
dectomy and gastrectomy. Ten patients on the list were
excluded due to unavailable medical records.

Demographic and anthropometric data and other details,
such as surgical procedure, days until seen by dietetics and
related readmissions, were collected from patient hospital
medical records. The number of days between a patient’s
operation and their first passage of flatus or stool was also
recorded. Details of postoperative feeding progression were
retrieved from the hospital’s automated menu system
records when available or from medical notes when not.
The presence of PPOI or other complications after surgery
were recorded as follows. For PPOI, the definition of
Vather, Trivedi and Bissett15 was used to describe a situa-
tion where at least two of the following occurred beyond
the fourth day after surgery: nausea and vomiting, an inabil-
ity to tolerate a normal diet in preceding 24 hours, abdomi-
nal and or bowel distension in the absence of mechanical
obstruction and a lack of flatus in preceding 24 hours.
Other complications were defined using the Clavien Dindo
Classification17 as ‘any deviation from the ideal postopera-
tive course that is not inherent in the procedure and does
not comprise a failure to cure’.

The meals were identified by the meal codes assigned to
GI surgery patients: nil by mouth, clear fluids, nourishing
fluids and light diet. One day of nutrition comprised of
three meal occasions. The number and frequency of order-
ing of each meal type was counted for each patient and
other relevant nutritional information was noted, including

the use of total parenteral nutrition (TPN) or enteral nutri-
tion (EN). Nil by mouth and clear fluids meals were com-
bined due to their minimal nutritional content and defined
as delayed feeding for each patient. A patient’s transition to
nourishing fluids and light diet was regarded as the time
they commenced feeding. LOSH was defined as the total
number of days a patient remained in hospital between
their surgery and discharge. As PPOI was diagnosed beyond
the fourth postoperative day,15 the feeding progression of
these patients from days one to three was noted. Patient
readmission, defined as a return to hospital after a period of
days spent at home post-discharge from surgery, was also
noted.

The study was granted ethical approval from the Human
Research Ethics Committees of Joondalup Health Campus
and Edith Cowan University.

The available medical health records provided a sample
size of 70, which was sufficient to achieve a power greater
than 0.8 with a confidence interval of 95% (P < 0.05).18

One dataset was excluded because it was two standard
deviations outside the rest of the data and deemed to be
unrepresentative of the hospital population.

Data were normally distributed. Independent sample t-
tests were used to compare mean number of days on mini-
mal nutrition and mean LOSH between patients with and
without PPOI or other complications, or with open or
closed surgery, and to compare mean demographic charac-
teristics between patients with and without PPOI. A Pear-
son’s chi-square test was used to determine whether the
incidence of PPOI differed by the type of surgery (open or
closed). Pearson’s correlations were used to determine asso-
ciations between the number of days on minimal nutrition
and LOSH in all patients. Partial correlations were used to
control for possible confounding variables (number of days
to first flatus or first bowel opening). Analyses were con-
ducted using IBM SPSS Statistics for Windows (Release
22.0, 2013; Armonk, NY, USA: IBM Corp). All tests were
two-tailed, and P < 0.05 was considered statistically
significant.

Results

Characteristics of patients in the total sample and with or
without PPOI are shown in Table 1. Of a total of
69 patients, 18 (26%) had developed PPOI and 51 (74%)
had not. The total number of days on minimal nutrition,
LOSH and until first flatus or first bowel opening were sig-
nificantly greater for patients with PPOI than for patients
without PPOI (independent sample t-tests, P < 0.01 for all).
There were no significant group differences in age, body
mass index (BMI) or number of days until seen by a dieti-
tian. Six patients were given TPN, all with PPOI. The main
reason for patient readmission was for wound infection.
The overall readmission rate was higher in patients with
PPOI (28%) compared to patients without PPOI (8%). Two
(11%) of the PPOI patients received nourishing fluids dur-
ing the days prior to PPOI diagnosis; the other patients
(89%) remained on minimal nutrition until beyond the
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fourth day. Reasons for surgical procedure and percentage
of patients who underwent each type of surgery are shown
in Table 2.

Comparison of the number of days on minimal nutrition
and LOSH between patients with and without PPOI, other
complications and by type of surgery (open or closed) is
shown in Table 3. The number of days on minimal nutri-
tion and LOSH were significantly higher in patients with
PPOI compared to those without (independent sample t-
tests, P < 0.01 for both). There were no significant differ-
ences for patients with or without other complications, or
with open or closed surgery.

A significant positive association was observed between
the number of days on minimal nutrition and LOSH
(Pearson’s correlation, r = 0.66, P < 0.01) (Figure 1). The
association remained significant after controlling for the
number of days to first flatus (r = 0.59, P < 0.01) or to first
bowel opening (r = 0.67, P < 0.01) (Pearson’s partial
correlations).

Discussion

In the current retrospective observational study of 69 GI
surgery patients in a secondary hospital, we investigated the

Table 1 Comparison of characteristics between patients with prolonged postoperative ileus and those without

Characteristic
Total

sample (n = 69)
Patients with

PPOI(a) (n = 18)
Patients without
PPOI (n = 51)

P
value(b)

Age(c) (years) 57.4 � 13.9 54.9 � 14.1 58.3 � 13.9 0.38
Gender: M/F 36/33 13/5 24/27 —

BMI (kg/m2)(d) 26.8 � 7.1 25.4 � 4.6 27.0 � 7.2 0.44
Other complications (yes/no) 10/59 0/18 10/41 —

Surgery (open/closed) 46/23 12/6 34/17 —

Ward (private/public) 37/32 9/9 28/23 —

Days until seen by dietitian 2.03 2.19 � 1.28 2.00 � 1.28 0.62
Percentage of patients not seen by

dietitian
10% 11% 12% —

Total number days minimal
nutrition(e)

3.7 � 2.5 6.6 � 2.6 2.6 � 1.3 <0.01

LOSH(f) (days) 9.6 � 5.4 15.0 � 5.5 8.0 � 4.0 < 0.01
Number days to first flatus(g) 2.8 � 1.7 4.0 � 2.22 2.36 � 1.25 < 0.01
Number days to first bowel

opening(h)
2.79 � 1.66 5.20 � 2.01 3.46 � 1.83 < 0.01

Enteral nutrition (yes/no) 0/69 0/18 0/51 —

Total parenteral nutrition (yes/no) 6/62 6/12 0/51 —

Hospital readmission (n, %) 9 (13%) 5 (28%) 4 (8%) —

(a) Prolonged postoperative ileus.
(b) Comparison of patients with and without PPOI (independent sample t-tests).
(c) Mean � SD.
(d) Patients without PPOI (n = 50).
(e) Minimal nutrition defined as number of days a patient remained nil by mouth or on clear fluids.
(f) Postoperative length of stay in hospital.
(g) Total sample (n = 43); patients with PPOI (n = 12); patients without PPOI (n = 33).
(h) Total sample (n = 61); patients with PPOI (n = 15); patients without PPOI (n = 39).
BMI, body mass index; F, female; M, male.

Table 2 Reasons for surgical procedure and patient frequency

Reasons for surgery
All patients (n = 69);

n (%)
Patients with PPOI(a) (n = 18);

n (%)
Patients without PPOI (n = 51);

n (%)

Gastrointestinal cancer 26 (38%) 3 (17%) 23 (45%)
Diverticular disease 11 (16%) 3 (17%) 8 (15%)
Bowel obstruction 7 (10%) 4 (22%) 3 (6%)
Crohn’s disease/ulcerative

colitis
5 (7%) 1 (5.5%) 4 (8%)

Appendicitis 5 (7%) 2 (11%) 3 (6%)
Ruptured bowel 4 (6%) 1 (5.5%) 3 (6%)
Ruptured hernia 3 (4%) 2 (11%) 1 (2%)
Others 8 (12%) 2 (11%) 6 (12%)

(a) Prolonged postoperative ileus.
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association between the practice of delaying nutrition post-
surgery and the development of PPOI, other complications
and resulting LOSH. We found that the mean number of
days on minimal nutrition, either nil by mouth or on clear
fluids, was threefold higher in patients with PPOI compared
to those without PPOI (6.6 vs 2.6 days, respectively)
(Table 1), and this was positively associated with their
LOSH (r = 0.66, P < 0.01) (Figure 1). Our results support
the findings of randomised control trials in which GI sur-
gery patients who were fed on the first postoperative day
had reduced incidence of PPOI and a shorter LOSH com-
pared to patients for whom nutrition was delayed.5,8,9

Other studies have utilised early EN and found improved
outcomes for patients after GI surgery, which were report-
edly due to enhanced gut stimulation resulting from the
EN.6,19 It is notable that no patients in the present study
had received EN. The mean number of days on minimal
nutrition in the present study was 3.7 days, and for PPOI
patients, it was 6.6 days (Table 1).

Traditionally, the passage of flatus or stool has been used
to indicate the return of normal bowel function and a signal
to initiate feeding; however, this can vary greatly between
individuals and is also reliant on the event being witnessed,
reported and recorded.1,2,12,20 Randomised control trials
have found that the absence of food in the gastrointestinal
tract, as a result of keeping patients nil by mouth, has
lengthened the time until first flatus or bowel opening and
increased the risk of developing PPOI.8,9 In the present
study, the number of days until first record of flatus or
bowel opening ranged from one to nine days, and two
patients were discharged with no record of flatus or stool.
These results were found to be up to three days longer than
previously reported for patients who were trialled with early
feeding after GI surgery.8,9,21 Furthermore, a higher propor-
tion of patients who developed PPOI (66%) were kept on
minimal nutrition until after the first record of flatus or
bowel opening, compared to patients without PPOI (53%)
(P < 0.05). The positive association observed between the
days on minimal nutrition and the patient LOSH (r = 0.61,
P < 0.01) (Figure 1) was not significantly weakened when
controlled for number of days to first flatus (r = 0.57) or
first bowel opening (r = 0.61) (both P < 0.01). These find-
ings, and the fact that greater than half of all patients were
not fed until after their first record of flatus or bowel open-
ing, indicate feeding progression followed a traditional care
pathway in this hospital.

PPOI, defined by Vather et al.15 as symptoms including
vomiting, abdominal distension and an inability to tolerate
normal diet, is a major burden after GI surgery, leading to
poorer patient outcomes, a longer admission and increasing
costs for the hospital.3,5,13,16 Therefore, the need to reduce
the incidence is of high priority for both patients and hospi-
tals. In the present study, the mean number of days on
minimal nutrition and LOSH were markedly higher in
patients who developed PPOI compared to those who did
not (P < 0.01, Table 1). Whether the patients’ nutrition was
withheld as a result of their PPOI symptoms or was a caus-
ing factor cannot be determined from the data; however,T
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when observing meal progressions for patients with PPOI,
it was found that only 2 of the 18 patients received nour-
ishing fluids before the diagnosis of PPOI and the others
remained on minimal nutrition beyond the fourth day post-
surgery. Mean LOSH for all patients was 9.6 days, which is
3–4 days longer than that reported in previous trials for
patients receiving ERAS care.5,8,9,19 Furthermore, when
considering the burden of PPOI, it is notable that the read-
mission rate for PPOI patients in the present study was high
compared to patients without PPOI (28 vs 8%, Table 1).

Several confounding factors could have affected out-
comes for the present study, including the degree of intesti-
nal manipulation and nutritional status of the patient prior
to and after surgery. In this regard, there were no significant
differences between patients who had open or closed sur-
gery and development of PPOI (Table 3). The majority of
patients underwent surgery for chronic conditions, includ-
ing gastrointestinal cancer (38%), diverticular disease (16%)
and bowel obstruction (10%) (Table 2), which could alter
nutritional status prior to and after surgery. There was no
significant difference between patients with or without
PPOI for age or BMI (Table 1) and information regarding
patients’ nutritional status was inconsistently reported in
medical files; only 55% had PGSGA records and 25% had
weight change from admission to discharge recorded. This

information could have provided valuable insight into
patient outcomes.

The non-specific inclusion of all GI surgery procedures
could have resulted in potential limitations for the present
study as certain factors such as bowel obstruction have
been reported to reduce preoperative motility of the bowel
and may have been associated with worsened outcomes13;
in the present study, 22% of PPOI patients were treated for
bowel obstruction, which represented the most prevalent
surgery procedure in this group (Table 2). The volume of
fluid or food consumed was not determined, and the nutri-
tional value of intake for patients on clear fluids diet was
assumed to be minimal as clear fluids generally include
foods such as jelly, consommé, juice and black tea or cof-
fee. Nutrition impact symptoms, which would influence a
patient’s desire or ability to eat, were not considered and
would have dictated volume of intake of meals provided.

Implementation of ERAS guidelines requires concurrent
adoption of multidisciplinary interventions throughout the
patient journey from pre-admission through to post-dis-
charge.2,4,12 The ERAS team can include doctors, dietitians,
nurses, anaesthetists, physiotherapists and social workers.4,5

The scale of this involvement has been reported to be a
main reason for non-adherence, particularly for smaller hos-
pitals, and led to some centres adopting a modified fast-
track approach where only some of the ERAS intervention
arms are practiced.11,20,22 A key component of ERAS care is
the introduction of diet on the first day after sur-
gery.2,4,7,12,16,20 It is proposed that early postoperative
nutrition improves outcomes by reducing the metabolic
stress associated with surgery, helping maintain better gly-
caemic control and hastening wound healing by favourably
modulating the gut’s immune response.1,2,4,10,12,19,23,24

Findings from studies such as this one can be used to
help direct future change; however, to do this, it is neces-
sary to gain insight into barriers and enablers to the imple-
mentation of ERAS.4,11,24,25 Previous investigations have
reported that smaller hospitals face obstacles such as lack of
time and resources to gain support for and to implement
the necessary changes, as well as a certain reluctance
amongst the multidisciplinary teams involved to alter their
normal practice.11 This may be due to a lack of knowledge
of the benefits arising from the adoption of ERAS princi-
ples.2,4,5,10,22 Where implementation has been successful,
the collaboration between interdepartmental professionals
has been strengthened through increased education of those
involved.4,11,22 Another reported facilitator is the appoint-
ment of a ‘medical champion’ who takes an active role in
staff education and becomes the driving force behind
implementation of practice change.4,11,22 A recent Canadian
trial developed a tailored implementation strategy based on
the Knowledge-to-Action Cycle for introducing ERAS pro-
grams, which produced encouraging results and presents a
possible solution for smaller centres wishing to initiate
change.4

In conclusion, comparison of findings from the present
study of traditional post-surgical practice in a secondary-
care general hospital with previous trials of ERAS care
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Figure 1 Association between and number of meals on
minimal nutrition, depicted by number of meals nil by
mouth or on clear fluids and length of stay in hospital
(LOSH) for patients who developed prolonged postopera-
tive ileus (PPOI) and those who did not. A linear relation-
ship was demonstrated, r = 0.66, P < 0.05 (Pearson’s
correlation). Please note, the study method involved count-
ing individual meals; however, for reporting purposes, three
meals were considered to equate to one day of nutrition.
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suggest that there are potential benefits to be gained if a
change in practice is adopted. Further investigation of bar-
riers and enablers is necessary to provide insight into devel-
oping the most appropriate strategy to achieve this change.
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Post-pyloric feeding tube placement in critically ill
patients: Extending the scope of practice for Australian
dietitians
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Abstract
Aim: To determine whether the placement of a post-pyloric feeding tube (PPFT) can be taught safely and effectively
to a critical care dietitian.
Methods: This is a prospective observational study conducted in an adult intensive care unit (ICU). The intervention
consisted of 19 attempts at post-pyloric intubation by the dietitian. The 10 ‘learning’ attempts were performed by
the dietitian under the direction of an experienced (having completed in excess of 50 successful tube placements)
user. A subsequent nine ‘consolidation’ attempts were performed under the responsibility of the intensive care con-
sultant on duty. The primary outcome measures were success (i.e. tip of the PPFT being visible in or distal to the duo-
denum on X-ray) and time (minutes) to PPFT placement. Patients were observed for adverse events per standard
clinical practice.
Results: A total of 19 post-pyloric tube placements were attempted in 18 patients (52 (23–70) years, ICU admission
diagnoses: trauma n = 4; respiratory failure n = 3; and burns, pancreatitis and renal failure n = 2 each). No adverse
events occurred. Most (75%) patients were sedated, and mechanically ventilated. Prokinetics were used to assist tube
placement in 11% (2/19) of attempts, both of which were successful. Placement of PPFT was successful in 58%
(11/19) of attempts. Whilst training, the success rate was 40% (4/10) compared with 78% (7/9) once training was
consolidated (P = 0.17). In the successful attempts, the mean time to placement was 11.0 minutes
(3.9–27.1 minutes).
Conclusions: A dietitian can be trained to safely and successfully place PPFT in critically ill patients.

Key words: clinical nutrition and dietetics, critical care, enteral nutrition, scope of practice.

Introduction

Nutritional support is a key component in the management
of patients in the intensive care unit (ICU). Enteral nutri-
tion is preferred to parenteral nutrition and is usually pro-
vided intra-gastrically in the first instance . However, it is
often not tolerated well in critically ill patients for a variety
of pathophysiological reasons and pharmacological

influences.1 The delivery of nutrients into the small intes-
tine is an important strategy in optimising enteral nutrient
support to critically ill patients with gastric stasis resistant
to prokinetics.2 Its efficacy depends on the timely and suc-
cessful placement of feeding tubes distal to the pylorus.

Multiple techniques are available for the positioning of
post-pyloric feeding tubes (PPFT); some of these include air
insufflation, pH-assisted and spontaneous passage with or
without motility agents,3 but their large-scale implementa-
tion is limited by cost, the requirement for specialised
equipment, personnel or training requirements or transfer
of patients outside of the ICU.3–10 The use of an electro-
magnetically guided placement technique applied at the
bedside has been shown to be successful and rapid in posi-
tioning PPFT in mechanically ventilated patients in the
ICU.11 Furthermore, it requires minimal training, and once
a reliable approach is established, it can be taught to clini-
cians from various disciplines.11
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Many ICUs value a multidisciplinary approach where
intensivists, dietitians and nursing staff are involved in the
management of nutritional care for patients. The primary
interest of the critical care dietitian is the nutritional man-
agement of critically ill patients. Thus, training the critical
care dietitian in the use of this simple bedside technique for
the placement of PPFTs could prove invaluable in a busy
ICU where medical officers are often pressed for time with
multiple high-priority issues. To that end, the delay in
insertion of PPFTs in critically ill patients has been reported
to be up to 1.5 days.12 Furthermore, there would be per-
sonal benefits, such as potential advancement to specialist
status, and professional benefits, such as promoting the
profession as leaders in the area of nutrition from a theoret-
ical and practical perspective to extending the scope of
practice for the critical care dietitian. The aims of this study
were to (i) determine whether the critical care dietitian
could be trained in the use of an electromagnetically guided
placement technique for insertion of PPFTs into critically ill
patients and (ii) evaluate the efficacy and safety of such
training.

Methods

This is a prospective observational audit conducted in a ter-
tiary mixed medical–surgical, adult ICU between 1st
December 2008 and 1st December 2010. Approval for the
conduct and publication of this study was provided by the
Royal Adelaide Hospital Research Ethics Committee.

Post-pyloric feeding tubes were placed using an electro-
magnetically guided placement technique (Cortrak Enteral
Access System, Corpak MedSystems, Wheeling, IL, USA).
Participants included patients who were admitted to the
ICU and who had gastric stasis or required a PPFT for
research purposes. The patients were recruited as a conven-
ience sample. All patients were fed according to the unit
feeding protocol, which determines that patients with gas-
tric stasis resistant to prokinetics receive a PPFT. Gastric
stasis was defined by at least two gastric residual volumes
>250 mL in a 24-hour period and resistance to administra-
tion of both erythromycin 200 mg twice daily and metoclo-
pramide 10 mg four times a day. Attempts were classified
as learning and consolidation stages of training. The
10 ‘learning’ attempts were performed by the critical care
dietitian (RY) under the direction of an experienced user
(AD) of the tube placement method and using the tech-
nique described previously.11 To develop independence
with the technique, nine ‘consolidation’ attempts were per-
formed by the critical care dietitian under the supervision
of the intensive care consultant on duty, who had varying
amounts of experience with the technique, from nil to
experienced user. Post-pyloric feeding tube placement was
confirmed by abdominal radiography, reviewed by a medi-
cal officer blinded to the purpose of the study. Patients
were monitored for adverse events by nursing staff as per
standard clinical practice (for example but not exhaustive,
haemodynamic variables and respiratory parameters were
monitored and documented).

Data were collected on success (as defined by the tip of
the feeding tube being visible in or distal to the duodenum
on X-ray) of PPFT placement and time (min) from com-
mencement (nasal intubation) to completion of successful
PPFT placement. Information regarding patient demograph-
ics and injuries was documented. Data on age are presented
as mean (range) and on success rate and times for place-
ment of PPFT as mean (range). Data on success rate
(by learning attempt and mechanical ventilation status)
were analysed using Fisher’s exact test and on time to suc-
cessful placement using an Independent samples t-test
(SPSS version 17.0, SPSS Inc., Chicago, IL, USA). Descrip-
tive statistics were used for analysis of all the other data.
Statistical significance was set at a P value of <0.05.

Results

The critical care dietitian was naive to this technique prior
to commencing the training. Patients were aged an average
of 52 (23–70) years. Patients were admitted to the ICU for
reasons including multi-trauma (n = 4), respiratory failure
(n = 3), severe burns, severe pancreatitis, renal failure
(n = 2 each) and miscellaneous (n = 5).

A total of 19 placements were attempted in 18 patients.
There were two attempts at placement in one patient, and
these occurred on different days. In this patient, re-insertion
of the PPFT was required for clinical reasons. No adverse
events occurred during placement of tubes. Post-pyloric
tube placement was successful in 11 of 19 (58%) attempts.
In these attempts, the mean time to placement was 11 min-
utes (3.9–27.1 minutes).

Placement distal to the pylorus was more successful dur-
ing the consolidation phase (78% (7/9)) in comparison to
the learning phase (40% (4/10)), although this was not sta-
tistically significant (P = 0.17). There was a weak positive
association between increased attempts and the success rate
(r = 0.43, P = 0.067).

Most (75%) patients were sedated and mechanically ven-
tilated at the time of PPFT intubation. Placement success
rates tended to be higher in non-mechanically ventilated
patients, 83%, compared with mechanically ventilated
patients, 46% (P = 0.18).

A prokinetic agent, erythromycin (200 mg intravenous),
was used to assist the tube placement in two patients
(11%), and tube placement was successful in both, com-
pared with 53% success when no drug therapy was used.

Discussion

This study is the first to describe the success and safety of
training a dietitian to place PPFTs into critically ill patients
in an Australian intensive care unit. We have shown that
when a standardised electromagnetically guided technique11

is employed by a single experienced (having completed in
excess of 50 successful tube placements using this tech-
nique) user to train a novice technician (i.e. the critical care
dietitian), PPFT can be placed into critically ill patients
without adverse effects. The success rate of placement
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under these conditions once ‘training’ was completed was
78%. This compares favourably with a previous study
where dietitians used the same electromagnetic device to
place PPFTs into a range of hospitalised patients in the
United States.13 In their study, the success rate was set at
70% based on previous literature to justify the use of the
system over ‘blind’ tube placement.

Enteral nutrition is widely advocated, and intra-gastric
delivery is the mainstay of enteral nutrition therapy for criti-
cally ill patients.2 However, gastric feeding can fail in up to
50% of critically ill patients, 1 and if prokinetics are ineffec-
tive, PPFTs are recommended by most feeding protocols as
a last option for delivering nutrition enterally.2 A meta-
analysis of 15 randomised trials found that small bowel
feeding was associated with a reduced risk of ICU-acquired
pneumonia when compared to gastric feeding.11 This
prompts consideration of the routine use of post-pyloric
feeding in critically ill patients, especially for patients at
high risk of aspiration. If such recommendations were
adopted, the placement of PPFTs would become more
widespread, necessitating the need for sufficient staff trained
to facilitate this. The placement of PPFTs in critically ill
patients is challenging on a number of fronts, including
competing priorities, cost, time delays and the requirement
for specialised equipment and training.3,5–10,14 Our group
has previously described a technique that enables success-
ful, rapid bedside placement of PPFT, which can be taught
easily to a number of different clinicians.11 We have shown
here that after only 10 ‘learning’ attempts did the success
rate increase dramatically from 40 to 78%, suggesting a
steady and rapid improvement when a novice user is taught
this technique.

Australian critical care dietitians are not routinely
involved in the placement of PPFTs into critically ill
patients. They are, however, uniquely placed to undertake
this procedure. They are at the forefront of the day-to-day
nutritional management of critically ill patients; their prior-
ity is the optimisation of artificial nutrition support for criti-
cally ill patients, and they are uninterrupted by the non-
dietetic issues encountered by ICU medical officers and
nursing staff. No formal structure exists in Australia to sup-
port the skill acquisition and consolidation required for die-
titians to undertake this procedure. This is potentially due
to a lack of interest, confidence to undertake a new skill
and/or perceived need. Because insertion of enteric feeding
tubes is outside the scope of Australian dietitian practice,
there is potentially the lack of opportunity and/or exposure
to cases required for training and proficiency building.
When a skill is not within the usual scope of practice for a
dietitian, limiting the number of dietitians who perform
that skill may be a way of maintaining a steady learning
curve; this strategy may prove useful for Australian dieti-
tians wishing to learn and improve proficiency in a new
technique. A North American study showed that when
PPFT placement was performed either by a dedicated nutri-
tion support dietitian or clinical nurse specialist working in
the ICU, the success rate was over 85%.15 Furthermore,
over 95% success rate was noted when 135 PPFTs were

placed into critically ill patients by a single dedicated nutri-
tion support dietitian.13 With an appropriate training, cre-
dentialing and accreditation structure in place, this practice
could be adopted successfully by Australian critical care
dietitians.

Our success rate in this study was slightly less than that
described by other investigators in which a non-medical cli-
nician (i.e. a dietitian or a nurse) has placed PPFTs using
similar electromagnetically guided bedside placement
techniques.13,14,16–18 There are a number of likely reasons
for this. For pragmatic reasons, we capped the attempt
duration at 30 minutes; whilst many other studies had
higher success rates, their mean time to placement was
30–60 minutes. Secondly, our attempt number was much
smaller, suggesting, not surprisingly, that proficiency
increased with increased attempts. We have shown a trend
for a potential positive relationship between attempt num-
ber and success rate. Thirdly, most other practitioners were
not ‘novice’ to the technique they used. Our study describes
training of the technique to a novice clinician rather than
success for a clinician who performs this as part of their
core responsibilities (as is the case for nutrition support die-
titians).19 Finally, most other studies used prokinetic
administration as part of their PPFT placement protocol. In
a small number of patients (n = 2) who received a proki-
netic in this study, we achieved 100% success rate in pla-
cing PPFTs. The results of a recent meta-analysis20

demonstrate that prokinetic agents, compared with no pro-
kinetic agent use, are associated with a higher success rate
for PPFT placement in adult subjects. Based on this, it may
be prudent to consider the routine use of prokinetic agents
when employing bedside methods for placing PPFTs.

A discussion on the extended scope of practice (ESP) for
Australian dietitians is warranted. Elsewhere, internation-
ally, dietitians routinely place enteral feeding tubes and
have within their professional standards a process that
enables the development of ESP roles.3,13,18,21 In their
recent work Ryan et al.22 cite a distinct scarcity in evidence
relating to local dietetic experience around ESP roles and
subsequently propose a comprehensive model that inte-
grates work systems, processes and outcomes around ESP
for dietitians.22 Despite, or perhaps because of, this lack of
evidence, there is increasing acknowledgement by the
Australian dietetic community that undertaking ESP work
and developing ESP roles is important to the growth of the
local dietetic profession and individual practitioners. In her
editorial on dietitians as leaders, Capra23 suggests that pro-
tecting the scope of practice for dietitians in the face of the
modernisation of and technical advances within the health
care system may prove challenging. However, she also cites
the exciting opportunity that presents itself if dietitians
themselves maintain an internal vision and leadership to
move the pursuit of ESP forward and promote the benefits
of specialist status within the profession. To that end, the
Dietitians’ Association of Australia has recently published a
document that supports dietitians in such endeavours.24 A
recent systematic review on the same topic demonstrates a
broader appeal than just within the dietetics profession that
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ESP for allied health professionals confers a cost-effective
and consumer-accepted investment that could be utilised
by health services to improve patient outcomes.25

In our cohort, no patient had an injury that influenced
the successful placement of the PPFT. While it would be
inappropriate for us to comment on whether this technique
is considered safe to conduct in all critically ill patients as
this query is outside the scope of this study, it is worth not-
ing that, in some patient groups (e.g. those with facial
trauma), the placement of a PPFT (or any feeding tube)
may be inappropriate or impossible. Clinical judgement
should prevail in assessing the appropriateness of a patient
for the application of this technique.

In conclusion, we have shown that a critical care dieti-
tian can be trained to place PPFTs safely and successfully in
patients in the ICU. Relatively little training is required.
This is, to our knowledge, the first time this has been
demonstrated in an Australasian ICU. Wider-scale adoption
of this technique may facilitate earlier optimisation of
enteral feeding in critically ill patients. Furthermore, it will
align the Australasian dietitian skill mix more closely with
that of our international counterparts.
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versus eHealth delivery
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Abstract
Aim: To compare the theoretical costs of best-practice weight management delivered by dietitians in a traditional,
in-person setting compared to remote consultations delivered using eHealth technologies.
Methods: Using national guidelines, a framework was developed outlining dietitian-delivered weight management
for in-person and eHealth delivery modes. This framework mapped one-on-one patient–dietitian consultations for an
adult requiring active management (BMI ≥ 30 kg/m2) over a one-year period using both delivery modes. Resources
required for both the dietitian and patient to implement each treatment mode were identified, with costs attributed
for material, fixed, travel and personnel components. The resource costs were categorised as either establishment or
recurring costs associated with the treatment of one patient.
Results: Establishment costs were higher for eHealth compared to in-person costs ($1394.21 vs $90.05). Excluding
establishment costs, the total (combined dietitian and patient) cost for one patient receiving best-practice weight
management for 12 months was $560.59 for in-person delivery, compared to $389.78 for eHealth delivery. Com-
pared to the eHealth mode, a higher proportion of the overall recurring delivery costs was attributed to the patient
for the in-person mode (46.4% and 33.9%, respectively).
Conclusions: Although it is initially more expensive to establish an eHealth service mode, the overall reoccurring
costs per patient for delivery of best-practice weight management were lower compared to the in-person mode. This
theoretical cost evaluation establishes preliminary evidence to support alternative obesity management service mod-
els using eHealth technologies. Further research is required to determine the feasibility, efficacy and cost-
effectiveness of these models within dietetic practice.

Key words: cost evaluation, dietetics, eHealth, obesity, telehealth.

Introduction

Obesity is a significant health issue, with global prevalence
continuing to increase.1 Excess body weight is related to
the development of cardiovascular disease, type 2 diabetes
and some cancers,2 with higher all-cause mortality3 and
associated health costs to the individual.4 In Australia,
62.8% of adults are currently estimated to be either

overweight or obese, representing a 6.5% increase in preva-
lence since 1995.5 High body mass index is the primary
risk factor contributing to the disease burden at the national
level.6

In 2013, the National Health and Medical Research
Council (NHMRC) released updated clinical practice guide-
lines for the management of overweight and obesity.7 The
NHMRC Clinical Practice Guidelines for the Management
of Overweight and Obesity in Adults and Children outlines
an evidence-based process to guide comprehensive weight
management of individuals by medical and allied health
professionals, including dietitians. A key recommendation
in the guidelines for adults is regular follow-up (initially
fortnightly) with ongoing, long-term support (for a mini-
mum of 12 months) provided by the clinician.7

However, weight management interventions often have
high attrition rates, with logistical aspects of attendance
(e.g. travel, work and family issues, time and cost) reported
as common reasons for drop out.8 Challenges relating to
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work, family and/or location accounted for 55% of partici-
pant dropouts (either alone or in combination) in one
study.9 Therefore, investigating alternative delivery modes
that aim to reduce these barriers is paramount for the man-
agement of overweight and obesity.

eHealth is an umbrella term and refers to the use of the
Internet and associated technologies to support health-care
delivery and management.10 Technologies that may be used
in the delivery of eHealth include Web-based programs,
mobile phone applications and video conferencing, among
others. These technologies can assist in addressing some of
the challenges associated with traditional models of care.
For example, video conferencing technologies used to
deliver real-time, individualised care in the home are cost-
effective and can produce patient cost savings in rural set-
tings because of reduced travel.11 In the context of obesity
management, two systematic reviews across a range of
eHealth technologies have found these interventions to be
efficacious for weight loss.12,13 Currently, there are an
insufficient number of studies from which to draw defini-
tive conclusions regarding the effectiveness of eHealth
weight-loss interventions compared to in-person delivery
modes.13 However, evidence is emerging about the benefit
of supplementing usual care (generally delivered in-per-
son) with eHealth support,13 especially in primary care
settings.14

Most Australians now have access to technologies that
can be used for eHealth, with 83% of adults able to access
the Internet.15 In addition, there are over 11 million smart-
phone users, with 7.5 million using the Internet through
their mobile phone.16 Individuals with a higher BMI are
more likely to search the Internet for information on weight
loss.17 However, the weight-loss information most easily
accessed online is often of poor quality,18 and behavioural
strategies that are known to be effective for weight loss not
common in many mobile phone applications.19,20 There-
fore, although eHealth technologies are available, expert
advice is still needed to navigate their appropriate use in
weight management.

Potentially, eHealth technologies could be added to
standard in-person care for weight loss.13 While dietitian-
delivered video consultations have been provided as part of
obesity treatment,21,22 augmenting dietetic practice for
weight management through a combination of other
eHealth technologies (e.g. smartphone apps for self-moni-
toring, sensors and wearable devices to measure other
behaviours—such as activity levels) is an emerging area of
research and practice.23 An evaluation of the cost of deliver-
ing weight management in dietetic practice using traditional
and eHealth service delivery models, and for both dietitians
and patients, is therefore important in order to determine
viable treatment options.

Our aim was to compare the hypothetical cost of dieti-
tians delivering best-practice weight management as per the
NHMRC guidelines7 in either a traditional in-person setting
(i.e. patient and dietitian in same location) or through
eHealth (i.e. technology-assisted remote patient-dietitian
consultation).

Methods

The specific focus of the cost evaluation was on services
for adults (≥19 years) requiring active management
(i.e. BMI ≥ 30 kg/m2). For this group, the NHMRC guide-
lines recommend long-term management with regular mon-
itoring and use of the 5As approach: Ask and Assess,
Advise, Assist and Arrange approach. As the guidelines do
not specifically outline how all elements of treatment
should be delivered, the authors mapped how a dietitian
could deliver best-practice weight management based on
their research and clinical experience in weight manage-
ment, as per the timeline outlined in Table 1. For the
purposes of the cost evaluation, the minimum treatment
period of 12 months indicated in the guidelines was used,
and the authors’ defined ‘continued monitoring’ after the
initial 3-month period as monthly consultations with the
dietitian, initially for 3 months, followed by bi-monthly
consultations with the dietitian up to 12 months.

The authors mapped how a dietitian could deliver best-
practice weight management in person and using eHealth
technologies over a 12-month period in a health service or
non-government organisation setting (Table 2). Because of
the hypothetical nature of the cost evaluation, this setting
was selected as it was considered the most feasible for the
provision of care consistently over the 12-month period.
Given that this paper aims to illustrate the minimum costs
necessary to deliver weight management that is consistent
with best-practice guidelines for one-on-one patient–
practitioner contact over an initial 12-month period, the
initial technology requirements and a number of operating
costs (e.g. rent, utilities) are not included in this cost evalu-
ation. Therefore, the only difference between the in-person
and eHealth models was the mode of delivery and any tools
considered essential to deliver best practice in each setting.
The key components identified by authors in order to
deliver best practice through the two modes were:
• One-on-one consultations: An initial consultation followed

by 12 review appointments. In-person delivery requires
the patient to travel to the dietitian and meet in person for
the consultation, whereas eHealth delivery requires the
patient and dietitian to ‘meet’ online through a video plat-
form. Consultations would consist of patient assessment,
education and counselling tailored to the individual.

• Assessment of health behaviours, including diet and
physical activity, comorbidities, medications, smoking,
weight history and readiness to change. This would
occur for the initial consultation and subsequent review
consultations. For eHealth delivery, this could be effi-
ciently and effectively captured and assessed outside the
consultation time using technology (e.g. use of mobile
app for food and physical activity diary, online tool/sur-
vey to report medical history, medications, etc.), and
therefore, for the in-person model, it was assumed to be
collected in paper-based form outside the consultation
(e.g. paper-based food diary) to allow comparability
across delivery modes. Assessment of height, weight and
waist circumference would be consistent across the
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delivery modes; however, for the in-person model, the
dietitian would take these measurements, whereas for
eHealth, the patient would self-report to the dietitian.

• Provision of advice (e.g. health benefits of weight loss,
meal plans, dietary and physical activity guidelines,
goals): In addition to the counselling provided by the
dietitian, fact sheets or other resources may be provided
to patients. For in-person delivery, these would be pro-
vided in paper-based form, whereas for eHealth, they
would be electronic (e.g. shared securely during the
video call and/or emailed to patient).
For completeness, the resources required and the associ-

ated costs of delivering best-practice weight management
were evaluated for both the dietitian (i.e. cost to the health
service/private practice for the dietitian to deliver the serv-
ice) and the patient (i.e. cost to the patient for completing
the service). The resources required (i.e. materials, fixed,
travel and personnel) to implement the best-practice weight
management model (Table 2) were determined, and then,
associated costs were calculated in Australian dollars as of
September 2015.

Materials (e.g. paper, envelopes, postage, online survey
management system, telemedicine video platform) and
fixed costs (e.g. measuring equipment, web camera, head-
set, data cost) were estimated from accessible Australian
retailers. The least expensive item that met the minimum
functional requirements was selected when a range of

options were available. Subscription services were calcu-
lated based on a 12-month period to replicate the treatment
cycle. For example, online survey management system sub-
scriptions range from $0 to >$750 per year27 based on
included features; however, a subscription of $228 per year
provides basic features for unlimited questions. Similarly,
high-definition Web cameras can range from $38 to >
$150;28 however, the webcam priced at $38 meets the nec-
essary operating requirements to conduct a video
consultation.

To enable high-quality video calls, a bandwidth of
500 kbps is recommended.29 This has an estimated usage
of 3.75 MB/minute. Internet usage costs were estimated
based on mobile broadband as it is the most popular Inter-
net source in Australia ($0.03/MB). Travel costs were calcu-
lated for in-person appointments by estimating the required
travel time to appointments multiplied by the cost to the
patient. Travel time to attend the in-person consultations,
including travel to and from the appointment, were consid-
ered for both rural and urban settings. To attend health-
related appointments in rural settings, a minimum travel
time of 17 minutes each way has been reported,30 while for
large metropolitan areas, median travel time is 20 min-
utes.31 Therefore, as the majority of the Australian popula-
tion resides in metropolitan areas,32 a total of 40 minutes
per consultation was used in calculations. A cost to the
patient of $30.03/hour was estimated based on a cost of

Table 1 Timeline for weight loss in adults(a)

1. Person is ready to
lose weight 2. Two weeks 3. Fortnightly reviews

4. Regular review up
to 12 months

5. Weight loss is
achieved

Pre-consultation and
initial consultation
(60 minutes)

Consultation
(Week 2)

Fortnightly review
consultations up until
three months (Week
4, 6, 8, 10, 12)

Regular review:
monthly
consultations with
dietitian for three
months (i.e. three
consultations), and
then bi-monthly
consultations with
dietitian for six
months (i.e. three
consultations).

Advise self-
management
strategies to
prevent/minimise
weight re-gain

Provide advice on
health benefits

Review weight
management
program for
suitability to the
individual

Behavioural change Review weight
change and
behavioural change

Consider re-
intervention if
approximately
3 kg is regainedDiscuss and support

lifestyle
intervention

Weight change Reassess energy
intake and
expenditure

Change in risk factors or
comorbidities

Review suitability of
lifestyle
approaches

Consider need for
intensive weight
loss intervention

a Timeline adapted from the NHMRC Clinical Practice Guidelines for the Management of Overweight and Obesity in Adults and Children.24
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Table 2 Best-practice Weight Management Model delivered in person or using eHealth technologies

Recommendations/practice guide7
In person e-Health
How delivered How delivered

Ask and
assess

Measure height, weight and waist
circumference. Calculate BMI.(a)

Objective measurement of height,
weight and waist circumference
as part of Consultation 1.

Self-report/self-measurement as
part of Consultation 1.

Assess health behaviours (diet
and physical activity)

Patient completes self-reported
diet/PA record as part of pre-
consultation (paper-based).

Patient completes self-reported
diet/PA record as part of pre-
consultation (application)

Clarified in Consultation 1. Clarified in Consultation 1.
Assess for comorbidities (CVD and

associated risk factors; Type
2 DM, some cancers and mental
health)

Self-reported as part of patient
completing pre-consultation
questionnaire (paper-based).

Self-reported as part of patient
completing pre-consultation
questionnaire (online survey
management system).

Clarified in Consultation 1. Clarified in Consultation 1.
Discuss medications, smoking,

weight history and readiness
to change

Self-reported as part of patient’s
pre-consultation questionnaire
(paper-based).

Self-reported as part of patient’s
pre-consultation questionnaire
(online survey management
system).

Clarified in Consultation 1. Clarified in Consultation 1.
Advise Health benefits of weight loss/

healthy lifestyle(a)
Written materials/fact sheets. Written materials/fact sheets
Provided by Dietitian during

Consultation 1.
Emailed by Dietitian during

Consultation 1.
Assist Reduced energy intake, increased

physical activity and measures
to support behavioural
change(a)

Consultation 1: Online consultation 1:

Produce a 2500kj per day energy
deficit and tailor to dietary
preferences of individuals(a)

Written materials provided by the
Dietitian (e.g. eating plan, copy
of dietary guidelines/PA
guidelines, record of goals).

Written materials emailed by the
Dietitian (e.g. eating plan, copy
of dietary guidelines/PA
guidelines, record of goals).Approach consistent with the

current dietary and physical
activity guidelines

Behavioural techniques (core: goal
setting, self-monitoring of
behaviour and progress,
stimulus control, cognitive
restructuring and problem
solving)(a)

Goal setting(a)

Self-management approach
Arrange Early review (after 2 weeks) Consultation 2. Online consultation 2.

Assess whether: Written materials provided by
the Dietitian (e.g. updated
eating plan).

Written materials emailed by
the Dietitian (e.g. updated
eating plan).

Facing challenges keeping to
the eating plan(a);

Type of physical activity is
appropriate for level of
fitness(a);

Psychosocial support is
available(a);

Any negative occurrences have
resulted from the weight loss
program(a)

Review in first three months. Consultation 3–7 with Dietitian Online consultation 3–7 with
Dietitian

Fortnightly review consultations
with dietitian (Week 4, 6,
8,10,12).

Objective measurement of height,
weight and waist circumference
as part of consultation.
Calculation of weight (kg and
%) /WC change.

Self-report/self-measurement of
weight as part of consultation.
Calculation of weight
(kg and %) /WC change.
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travel of $12.68/hour33 and $17.35/hour for the cost of lei-
sure time (50% of person’s wage at $34.70/hour for default
hourly labour rate33).

Personnel cost (dietitian) was calculated from the 2015
Australian professional award pay rates,34 at the entry-level
rate of $29.47/hour (based on $58 225 pa for 38 hours/
week). The personnel time included tasks that would likely
be completed during the consultation (i.e. counselling) and
those that may be completed before, after or during the
consultation (e.g. review of food diaries or booking of next
appointment). Previous research indicates that dietitians
typically offer initial consultations of approximately 60 min-
utes duration and review appointments of approximately
30 minutes duration.25,35 It was assumed that 50% of the
consultation time is used for counselling and the remainder
for the other tasks, such as assessment and administration.
Therefore, 30 minutes of personnel time for the initial con-
sultation and 15 minutes for each review consultation was
assigned to both in-person and eHealth delivery. Dietitian
time to complete the other tasks for in-person and eHealth

delivery was estimated separately as they were identified as
key potential differences between in-person and eHealth
delivery in terms of personnel time (e.g. review of paper-
based or online food and physical activity record). Similar
to the dietitian, it was assumed that patients did not have
any of the equipment required for the eHealth consulta-
tions. Therefore, costs to the patient associated with the
minimum equipment necessary to conduct the consultation
were included. However, costs associated with the comple-
tion of treatment strategies (e.g. self-monitoring) as well as
any potential fees paid by the patient to the dietitian for the
service were not included as these are unlikely to differ sub-
stantially between delivery modes.

Resources were grouped by establishment costs for both
the dietitian and patient or recurring costs per weight-loss
treatment (i.e. cost of one patient receiving best-practice
weight management model for 12 months). Results are pre-
sented as total establishment and recurring costs per treat-
ment, with subtotals by costs attributed to the dietitian and
to the patient.

Table 2 Continued

Recommendations/practice guide7
In person e-Health
How delivered How delivered

Calculating BMI and measuring
waist circumference(a)

Complete self-monitoring diet and
physical activity paper-based
record for week prior to
consultations.

Complete self-monitoring diet and
physical activity record app for
week prior to consultations.

Tracking progress towards
goals(a)

Self-report comorbidities as part of
consultation.

Self-report comorbidities as part
of consultation.

Monitoring changes in risk
factors and comorbidities(a)

Written materials provided by the
Dietitian (e.g. updated eating
plan or record of goals).

Written materials emailed by the
Dietitian (e.g. updated eating
plan or record of goals).Reviewing the plan for care(a)

Providing support and
encouragement(a)

Continuing support/regular
review:

Consultation 8–13 with Dietitian. Online consultation 8–13 with
Dietitian.

Monthly consultations with
dietitian for three months
and then bi-monthly
consultations with dietitian
for six months

Objective measurement of height,
weight and waist circumference
(WC) as part of consultation.
Calculation of weight (kg and
%) /WC change.

Self-report/self-measurement or
smart scales to transmit weight
wirelessly (e.g. Fit Bit Aria) as
part of consultation. Calculation
of weight (kg and %) /WC
change.

Review weight change and
behavioural change(a)

Complete self-monitoring diet and
physical activity paper-based
record for week prior to
consultations.

Complete self-monitoring diet and
physical activity record app for
week prior to consultations.

Reassess energy intake and
expenditure(a)

Self-report comorbidities as part of
consultation.

Self-report comorbidities as part of
consultation.

Review suitability of lifestyle
approaches(a)

Written materials provided by the
Dietitian (e.g. updated eating
plan or record of goals).

Written materials emailed by the
Dietitian (e.g. updated eating
plan or record of goals).

Consider need for intensive
weight loss intervention(a)

Provide support and
encouragement(a)

a Activities occur during counselling time (30 minutes for initial consultation and 15 minutes for review consultation).
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Results

Table 3 summarises the delivery costs for eHealth and the
in-person delivery of best-practice weight management by a
dietitian (see Table S1, Supporting Information for a
detailed breakdown of costing). The total establishment
costs (combined dietitian and patient costs) for the provi-
sion of best practice were $90.05 for in-person delivery and
$1394.21 for eHealth. All of the establishment costs were
for the dietitian and none for the patient.

Excluding establishment costs, the total cost of one
patient receiving best-practice weight management for
12 months was $560.59 for in-person delivery, compared
to $389.78 for eHealth delivery. For both eHealth and in-
person delivery, the highest proportion of this cost was to
the dietitian, but it did vary by delivery mode. Two-thirds
($257.77) of the costs of eHealth delivery were attributed
to the dietitian, compared to 53.6% ($300.33) for in-person
delivery. Therefore, a higher proportion of the cost of in-
person delivery (46.4% or $260.26) was attributed to the
patient, compared to eHealth delivery (33.9% or $132.01).

Discussion

The present study aimed to compare the cost of a dietitian
delivering best-practice weight management in-person com-
pared to eHealth delivery. We found that the cost of estab-
lishing eHealth delivery to the dietitian were greater than
in-person delivery. However, the cost of delivering best-
practice weight management for each patient over
12 months was considerably less for eHealth delivery com-
pared to in-person delivery for both cost to the patient and
the dietitian.

Given that approximately 28% of Australian adults are
currently classified as obese (BMI ≥ 30 kg/m2) and are
therefore eligible for treatment as per the NHMRC guide-
lines, service delivery models that can accommodate the
large, and increasing, number of individuals requiring treat-
ment are required. Our findings suggest that the initial
resource investment required by dietitians to establish an
eHealth service delivery model may be offset by the more
cost-efficient service delivery model per patient when com-
pared to in-person delivery. More specifically, based on the
additional $42.56 cost to the dietitian per patient for in-
person treatment, 31 patients would need to be treated
using eHealth to offset the establishment costs of eHealth
delivery. Our results demonstrate that as more patients
receive weight management treatment, the more cost-effi-
cient, and therefore feasible, eHealth delivery may become.
Therefore, the use of eHealth technologies by dietitians to
deliver best-practice weight management may help over-
come one of the primary barriers to delivering best practice
among dietitians, which is cost.24,35–37 For example, among
Australian private practice dietitians, business-related
expenditure can be a significant proportion (over 40%) of
gross income.25 The remote nature of exclusive eHealth
delivery may reduce some costs, such as employing admin-
istrative support or rent of consultation rooms.

Time and cost are also commonly perceived barriers to
the participation in and completion of weight management
treatment by patients. Attrition rates for weight manage-
ment treatment have been reported as being as high as
80%,38 yet attendance and completion of treatment is asso-
ciated with weight loss success.8 Delivery models that
reduce the cost burden of treatment for patients are needed.
The present study indicates that a lower proportion of the
cost of eHealth delivery may be attributed to the patient
compared to in-person delivery (34 vs 47%). Therefore,
eHealth delivery of weight management treatment may be a
more equitable and cost-efficient delivery mode for the
patient.

Although the present study provides evidence from a
cost perspective, in order to support the use of eHealth
technologies by dietitians to implement best practice, per-
ceived barriers to the uptake of these types of delivery mod-
els must also be considered. The lack of government
support for remote dietetic consultations delivered using
eHealth technologies is a major barrier to increased uptake
among dietitians and their patients. Although rebates for
remote consultations are available for selected medical
practitioners,39 the existing Medicare Benefit Schedule items
available to dietitians, such as those under the Chronic Dis-
ease Management (CDM) Program,26 are currently not eligi-
ble for reimbursement if the service is delivered through
eHealth technologies, such as video conferencing. The avail-
ability of patient reimbursement from private insurers for
dietetic services provided using similar technologies is less
clear.

Furthermore, a recent survey of Australian dietitians,40

found that 63% of respondents reported at least one barrier
to using technology in their area of practice. Despite
acknowledging the ability of information technologies to
improve time management, survey respondents were less
likely to report that technology would improve patient
safety or quality of care. Therefore, strategies are required
to overcome such dietitian-perceived barriers to the use of
technology in practice. In addition to continuing profes-
sional development opportunities for currently practising
dietitians, the acknowledgement of technology in the 2015
National Competency Standards for Dietitians in Australia
(i.e. Domain 1, Key Element 1.4 Practises effectively: Uti-
lises relevant technology and equipment efficiently, effec-
tively and safely)41 will help ensure that future generations
of Australian dietitians are better equipped for eHealth serv-
ice delivery, not only for weight management but in all
domains of practice.

The results of the present study are limited because of
the theoretical nature of the cost evaluation. For example,
to allow a comparison of the cost of delivery of best practice
across the two mediums, an outline of how best-practice
weight management would be delivered by a dietitian was
required (Table 1). However, we acknowledge this may not
reflect how all dietitians would deliver best-practice weight
management services. It is also possible that current prac-
tice by dietitians in Australia involves a combination of tra-
ditional and eHealth delivery (e.g. in-person appointments
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with dietary assessment conducted using technology) that
would allow for best-practice weight management services
to be provided. Furthermore, because of the assumptions
made in determining the dollar value of each item, the

overall costs do not necessarily portray the exact cost of
delivering best-practice weight management by individual
dietitians, health services or patients, and results should be
interpreted accordingly. Although health services or non-

Table 3 eHealth and in-person delivery costs ($AU) for materials, fixed, travel and personnel establishment costs and indi-
vidual patient costs

Category Item

In-person eHealth

Patient Dietitian Patient Dietitian

Establishment costs(a)

Materials Online survey management system (per year
subscription)

228.00

Telemedicine video platform (per year subscription) 588.00
Diet and physical activity record app (per year

subscription)
468.00

Fixed High-definition webcamera 38.00
Headset (microphone and earphones) 28.00
Tape measure for waist circumference 3.85
Basic body weight scales 38.50
Height measure (stadiometer) 18.23

Personnel Dietitian time to set up initial survey (In-person:
60 minutes; eHealth: 90 minutes)

29.47 44.21

Subtotal establishment costs(a) 0.00 90.05 0.00 1394.21
Total establishment costs(a) 90.05 1394.21
Recurring costs associated with each treatment cycle
Materials Paper, envelope and postage (65 sheets of paper,

1 envelopes and 1 occasions for postage)
7.28

Travel Cost of travel for 13 consultations (40 minutes
leisure time in return travel time and travel cost)

260.26

Fixed Data cost of 13 video calls (30 minute initial
consultation and 12 × 15 minute review
consultations)

23.66 23.66

High-definition webcamera 38.00
Headset (microphone and earphones) 28.00
Tape measure for waist circumference 3.85
Basic body weight scales 38.50

Personnel Review comorbidities, medication, weight,
readiness to change before initial consultation
only (10 minutes)

4.91 4.91

Review completed dietary intake and physical activity
record through mobile app or paper-based before
consultation on 12 occasions (In-person:
20 minutes; eHealth: 10 minutes)

117.88 58.94

Source and provide/send ‘Advise’ fact sheets every
consultation (13 occasions × 5 minutes)

31.93 31.93

Time to book appointment, billing and report writing
for each appointment (13 occasions × 5 minutes)

31.93 31.93

APD time for counselling (30 minutes initial
consultation and 15 minutes per review
consultation; 210 minutes total)

103.15 103.15

Thirteen appointment reminder call/text messages 3.25 3.25
Subtotal recurring cost per treatment cycle 260.26 300.33 132.01 257.77
Total recurring cost per treatment cycle 560.59 389.78
Subtotal (recurring cost + establishment costs(a)) 260.26 390.38 132.01 1651.98
Grand total (recurring cost + establishment costs(a)) 650.64 1783.99

a Establishment costs were those associated with the initial set up of either the in-person or eHealth dietetic setting for delivery of best-
practice obesity management in a 12-month period and are only attributed to the first instance when the service is delivered (i.e. for two or
more patients treated in a 12-month period, no additional establishment costs are necessary).
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government organisations informed the setting for the cur-
rent cost evaluation, variation in the delivery within this
setting (e.g. types of eHealth technologies used), both for
the dietitians and the patients, is still likely to be present.
Future studies determining the efficacy and cost-
effectiveness of dietetic services for weight management
should consider the multiple settings in which dietitians
practice, including private practice. Finally, the eHealth
delivery model presented is basic. The model was devel-
oped to allow for direct comparability to the in-person
delivery model. For example, eHealth delivery included
emailing of fact sheets in order to be more comparable to
the provision of printed fact sheets during in-person
appointments. There are many more advanced and engag-
ing eHealth technologies available that have the potential to
further reduce the time, and therefore cost, associated with
eHealth treatment provision. In the example above, the
emailed fact sheets could be supplemented or replaced by
an interactive Website or smartphone app. This is an
important consideration for dietitians when using eHealth
technologies for treatment delivery given that previous
research suggests that eHealth weight loss interventions
with more advanced features or extra components are
potentially more engaging and achieve significantly greater
weight loss when compared to those with standard
features.13

While costlier to set up eHealth delivery of evidence-
based weight management upon the first offering of the
service, the associated reoccurring costs were lower per
patient when delivered using eHealth technologies com-
pared to the in-person mode over 12 months. The integra-
tion of eHealth technologies may allow for increased
flexibility in the type of dietetic services provided to
patients and may offer potential for the design of new nutri-
tion care models to support long-term obesity management.
However, the true impact (i.e. feasibility, clinical efficacy
and cost-effectiveness) of the proposed benefits of eHealth
technologies on dietetic practice must be evaluated through
further research.
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Abstract
Aim: To describe the study protocol of the MEDiterranean ISlands-Australia (MEDIS-Australia) Study modelled on the
MEDIS Study conducted in Greece. The present study aims to explore adherence to the traditional Mediterranean diet
pattern, determine enablers and barriers to adherence, explore the definition of Greek cuisine, and associations
between adherence to the diet pattern and risk factors for cardiovascular disease (CVD) and metabolic syndrome in
older Greek Australians originally from Greek islands and Cyprus. Now long-term immigrants, with at least 50 years
in Australia, characteristics and risk factor profiles of older Greek islander-born Australians will be compared and
contrasted to their counterparts living on Greek islands to evaluate the influence of migration on adherence.
Methods: The present study is an observational study of cross-sectional design using a modified lifestyle and semi-
quantitative food frequency questionnaire to capture sociodemographic, health, psychosocial and dietary character-
istics, including cuisine, of 150 older Greek islander-born Australians. Anthropometric measures and medical history
will be collected. Participants will be aged over 65 years, live independently, are originally from a Greek island and
are free from CVD.
Results: Data collection is underway.
Conclusions: Characteristics and behaviours associated with adherence, if identified, could be evaluated in future
studies. For example, exploration of enablers or barriers to adherence to a Mediterranean dietary pattern in an
Australian population.

Key words: Mediterranean dietary pattern, MEDIS,
MedDietScore, Greek Australian immigrants, dietary
adherence, food frequency questionnaire, traditional
cuisine, CVD risk factors, metabolic syndrome.

Introduction

The traditional Mediterranean diet (MD) was characterised
in the 1950s on the Greek island of Crete1 and subse-
quently studied in Greece and other Mediterranean
regions.2–8 A composite of traditional eating habits of peo-
ple living in Mediterranean countries, this semi-vegetarian
diet comprised the daily intake of plant foods: vegetables,
particularly wild leafy greens; fresh fruit; abundant olive oil,
the main source of dietary fat; wholegrain sourdough bread;
small amounts of wine; and herbal teas and/or ground
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coffee. Legumes were consumed at least twice per week in
place of meat. Nuts, olives, cheese and yoghurt supplemen-
ted these foods and were consumed 2–3 times per week.
Small portions of meat and fish were consumed less fre-
quently (once per week or less), except for coastal areas
where fish was consumed more frequently.9,10 Based on tra-
ditional principles, the dietary guidelines11 of these regions
have long advocated adherence to the MD pattern, which is
associated with numerous health benefits, including cardio-
vascular health12,13 and promoting successful ageing.14 The
insular nature and remote location of Greek islands and
retention of traditional dietary habits compared to mainland
Greece may influence closer adherence to the MD.3–6 Indi-
viduals living in rural areas of Greek islands adhere more
strongly to the MD compared to those living in urban
areas.3

Adherence to the MD pattern in non-Mediterranean
populations has also been associated with lower cardiovas-
cular disease (CVD) mortality and improved metabolic con-
ditions, including Type 2 diabetes mellitus.15,16 Non-
Mediterranean countries, including Australia and the United
States, have developed guidelines to advocate the MD as
health-promoting.17,18 Increasingly, the health benefits of
modified Mediterranean-style versions of the diet pattern
are being studied in these populations.19,20

Dietary characteristics of Southern Europeans, including
Greeks, who immigrated to Australia were studied about
20–30 years post-immigration. This diaspora group was the
second longest-living population globally at that time.21

Young, healthy men and women from Greece and Greek
islands and Greek-Cypriots from the Republic of Cyprus
arrived in Australia after the Second World War and Greek
Civil War during the 1950s and 1970s.22 They created
social and cultural networks: Greek community groups,
language schools, churches and the Greek media.22,23

After some 20 years in Australia, older Greek migrants
showed a relatively low all-cause and CVD mortality despite
a high prevalence of obesity and risk factors for CVD, com-
pared to the Australian-born population and Greek coun-
terparts living in Greece at that time. This was attributed to
their strong adherence to the traditional MD pattern, even
though acculturation resulted in some adverse dietary
changes and reduced physical activity.24 Past studies pro-
posed that older Greek Australians retain protective ele-
ments of the traditional dietary pattern: cuisine and/or
cooking methods, religious fasting and home gardening.25

Lower all-cause and CVD mortality compared to other eth-
nicities appears to persist.10,26

Adherence has been measured by a priori diet scores and
dietary and lifestyle questionnaires. Composite diet scores
reflect a level of adherence to food groups within the tradi-
tional diet, ranging from zero (no adherence) to stronger
adherence as the score increases. However, aspects of tradi-
tional cuisine and/or non-dietary lifestyle behaviours are
not commonly included in composite diet scores.3,24,25 It is
unclear if retention of traditional cuisine and non-dietary
lifestyle behaviours relate to health outcomes. Question-
naires used in past studies have limited capacity to capture

culturally specific dietary and lifestyle behaviours that may
influence adherence to the dietary pattern. Potential
enablers of, or barriers to, adherence have not been fully
explored.

An older Greek-born diaspora cohort originally from
Greek islands has not previously been investigated. Older
Greek island-born Australians who adhere more strongly to
a traditional diet after many years in Australia, enabled by
retention of traditional cuisine and sociocultural non-
dietary lifestyle behaviours, may present with a better risk
factor profile for CVD and metabolic syndrome (MetS) than
lower adherers and, perhaps, their counterparts currently
living on Greek islands. First-generation older Greek
Australians are long-term immigrants. A small window of
opportunity exists to evaluate their current adherence to a
traditional MD after at least 50 years in Australia. The aims
of the MEDIS-Australia Study are to:

1 Explore adherence to the traditional MD pattern by older
Greek Australians.

2 Determine enablers and barriers to dietary adherence
after 50 years of migration by exploring associations with
sociocultural variables such as religious fasting and
home-grown food gardening.

3 Explore associations between adherence to a traditional
MD pattern and risk factors for CVD and MetS.

4 Explore a definition for a traditional Greek cuisine.
5 Compare and contrast characteristics and risk factor pro-

files of older Greek Australians originally from Greek
islands to counterparts currently living in Greek islands
to evaluate the influence of migration on adherence to
the MD.

The present study describes the MEDIS-Australia Study
protocol and rationale for the modified MEDIS-Australia
questionnaire.

Methods

MEDIS-Australia is an observational cross-sectional study
designed to investigate participants’ sociodemographic, die-
tary and health characteristics and lifestyle behaviours.
Study criteria are shown in Table 1.

The validated and repeatable original MEDIS study ques-
tionnaire27,28 was used in the present study, to which ques-
tions were added beyond the existing questions or adapted
for local relevance and applicability to an Australian setting.
For example, questions regarding health-care funding were
modified to reflect the Australian health-care system, and a
participant’s location as either rural or urban was omitted
as it was not relevant to the target cohort.

The modified questionnaire (MEDIS-Australia) consists
of: a lifestyle questionnaire (MEDIS-Australia LQ) and a
food frequency questionnaire (MEDIS-Australia FFQ) to
capture sociodemographic, health and lifestyle (psychoso-
cial) characteristics and dietary characteristics, including tra-
ditional cooking methods and cuisine and non-dietary
lifestyle behaviours (Supplemental Files 1 and 2). A pre-
liminary, self-administered version of the modified
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MEDIS-Australia questionnaire was completed by 10 older
Greek-born Australian men and women. Additional and
modified questions were translated from English to Greek,
consistent with the World Health Organization recommen-
dations for conceptual translation (rather than word for
word), clarity and conciseness.29 Feedback by respondents
was provided on question clarity, complexity and ambigu-
ity. Among the revisions was a statement, preceding two
questions concerning menopause history, to alert inter-
viewers that those questions were exclusively for females.
Words or phrases used in Greece for some food items,
medical conditions and health services unfamiliar to older
Greek-born Australians were adapted to the Australian set-
ting using terms conceptually familiar to an older Greek-
born Australian population. The self-administered question-
naire format was revised to an interviewer-administered for-
mat. Bilingual response options were incorporated within
the same questionnaire rather than separate English and
Greek questionnaires. English to Greek translations, cultur-
ally specific words or phrases and all bilingual study
documentation—participant information statement and
consent forms—were forward and back translated by
Greek-speaking researchers (also Accredited Practising Die-
titians) and research assistants with tertiary-level fluency in
the Greek language (Contact authors for further information
or to access a copy of the bilingual version.). Additional
questions are mostly closed ended, with a dichotomous
response option (yes/no) or multiple choice from options
provided. An English version of the modified questionnaire
was back-translated from Greek for use if required.

The modified questionnaire will be interviewer-
administered by Greek-speaking researchers and trained
research assistants. Completed questionnaires will be checked
for accuracy by the researcher. The modified questionnaire is
largely consistent with the original MEDIS questionnaire. It
will be possible to compare and contrast older Greek island-
born Australians from the present study to the MEDIS cohort
of older Greeks currently living on Crete and Cyprus.

Table 2 summarises key modifications made to the origi-
nal MEDIS questionnaire and the rationale.

Convenience sampling of a non-probability sample will
be used to enrol participants from elderly Greek

community groups in Melbourne. Random, population-
based, multi-stage sampling, as performed in the Greek
MEDIS Study,3,28 is not possible in the present study.
There are fewer eligible Greek island-born Australians avail-
able to form a study population, compared to the sample
sizes of islanders living on Greek islands.3

Greek community groups have a long history in
Australia, and many formed following post-War immigra-
tion. Some, but not all, were based on one’s origins in
Greece, for example, originally from an island. Three sepa-
rate, large groups comprising elderly originally from Crete
and Cyprus are active to date in urban suburbs of Mel-
bourne. The researcher will contact these groups first, after
which smaller community groups will be contacted, com-
prising Greek islanders originally from various islands, and
lastly, mixed groups comprising both islanders and main-
land Greeks. A screening question regarding origin will dif-
ferentiate between islander and mainland Greek Australians.

Contact with group leaders to advise of study require-
ments will be by telephone and/or in person. Interested
groups will sign a letter to indicate study support as
required by the University ethics committee. This will ena-
ble the researcher to coordinate a recruitment session on
site. Pending support from community groups, recruitment
will continue until the minimum target sample size, or close
to, is achieved within a 2-year period. Adjunct strategies
will be used to reach the target cohort and minimise bias
from enrolling only individuals who attend community
groups. Contact will be made with the Greek media, Greek
language schools, Greek Orthodox Church groups and
PRONIA (formerly Australian Greek Welfare Society) in
Melbourne to disseminate study information.

Researchers will explain study requirements to partici-
pants verbally in Greek prior to consent and will pro-
vide a bilingual participant information statement and
consent forms. Two forms require signed consent: one
for study participation and a second, separate consent
allowing the researcher to contact the participant’s nomi-
nated doctor post-interview and request access to medi-
cal information. Declining the second consent will not
preclude participants from completing the questionnaire
and having anthropometric measures taken during a

Table 1 MEDIS-Australia Study—participant criteria

Inclusion criteria Exclusion criteria

Greek Australian men and women originally from Cyprus and Greek
islands, that is, born and lived on island prior to immigration

Greek Australian men and women originally from
mainland Greece prior to immigration

≥65 years of age <65 years of age
Live independently Clinical history of any of the following:

CVD
Active cancer
Memory problems
Cognitive impairment/decline/memory problems
Taking prescribed medication(s) for any heart

condition or cognitive decline.

Free from CVD and/or active cancer and/or cognitive impairment
+/− Type 1 or Type 2 diabetes mellitus

CVD, cardiovascular disease.

A. Thodis et al.
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structured in-person interview (1–1.5 hours) during
recruitment sessions onsite. If time is inadequate, the
interview will be rescheduled within 2 weeks of recruit-
ment to continue onsite or at the participant’s home
and/or by telephone.

The MEDIS MedDietScore (0–55) was used to assess
level of adherence in the Greek MEDIS Study.3 The mean
MedDietScore was used to calculate the sample size in the
current study. A t-test was conducted for two independent
samples with common variance and alpha 0.05 (two-tailed

Table 2 Key modifications made to the original MEDIS questionnaire

Characteristics Data source Rationale

Sociodemographic
Island of origin (prior to

immigration)
MEDIS-Australia LQ(a) To assess eligibility based on inclusion/exclusion

criteria.
Year of immigration MEDIS-Australia LQ(a) To determine duration in Australia (years).
Health
Anthropometry Measured by researcher Neck girth (cm) is associated with upper body

obesity and CVD(b) risk factors.38

Neck circumference will be measured in place of
triceps-skinfold thickness, which will be omitted
as a result of lack of privacy and time constraints
at recruitment sessions.

Physical activities; gardening,
housework added to existing
list.

MEDIS-Australia LQ(a) To estimate physical activity level and energy
expenditure.

Time spent outdoors daily To estimate sun exposure associated with vitamin D
status.

Types of health services accessed. MEDIS-Australia LQ(a) Different health-care services in Australia and Greece.
Response options for types of health services

modified.
Options ‘rural doctor’ and ‘telemedicine’ omitted.
Recruitment only from urban areas in Melbourne.

Clinical medical history
1 Blood pressure

2 Blood test

3 Prescribed medications

From nominated doctor
(GP)(c)

Reluctance to consent to blood tests for research
purposes and limitations in recall and/or self-
report of medications by a CALD(d) population.
Each participant’s clinical history (6–12 months
preceding study enrolment) will be accessed with
signed consent.

Lifestyle (psychosocial)
Frequency to church MEDIS-Australia LQ(a) To explore religious fasting practices.39

Fasting days per year To estimate mean number of fasting days per year.
Dietary
Expanded food items within

existing food groups
MEDIS-Australia FFQ(e) To capture intake of foods consumed by a Greek-

born Australian study population.
Portion size estimate Applied to all food items to estimate daily intake

(grams/day).
Analysis of daily macronutrient and selected

micronutrient intake.
Daily intake of macronutrients and selected
micronutrients.

Traditional cooking methods and
dishes.

To explore traditional cuisine and potential
association with adherence.

Home-grown food gardening To estimate prevalence of home-grown food
gardening.

To estimate type/proportion of vegetables and fruits
consumed from the home garden.

a Lifestyle questionnaire.
b Cardiovascular disease.
c General practitioner.
d Culturally and linguistically diverse.
e Food frequency questionnaire.
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test). Total of 150 participants is estimated to have a study
power of 90% to achieve a statistically significant result
assuming a mean difference of 1.2 in mean MedDietScore and
a common within group standard deviation (�SD). A mean
MedDietScore of 32.5 (�SD3.2) for Greek islanders living in
Greece3 and 33.7 (�SD3.2) for Greek Australians originally
from Greek islands would enable a reported mean difference
in MedDietScore between two populations with 95% CI
�0.73 points. An observed difference of 1.2 points in mean
MedDietScore corresponds to a 95% CI of 0.47–1.93.

A target of 150 participants was deemed feasible over the
recruitment period, pending the level of support from com-
munity groups and Greek-speaking research assistants. To
compare an older Greek island-born Australian cohort to
older Greeks living on Greek islands, the target sample size
for the present study was modelled on the smaller target
sample sizes of Greek islanders living on each of the Greek
islands studied, that is, approximately 150 participants.3

Baseline data collection will be from the one-off interview
and from the clinical medical history and anthropometric
measures. Participants will not be followed up. The medical
history will be used to screen for exclusion criteria, that is,
CVD history and/or active cancer and/or cognitive impair-
ment, which may limit recall ability required to complete
the questionnaire. For eligible individuals, the medical his-
tory will be used to collect blood pressure, blood test
results and prescribed medications 6–12 months preceding
enrolment into the study. The prevalence of CVD risk fac-
tors and classification of participants by MetS (using
National Cholesterol Education Program Adult Treatment
Panel III (NCEP-ATP III) criteria)37 will be assessed from
the MEDIS-Australia LQ, medical history and anthropomet-
ric measures. The following is a summary of the variables
within the modified MEDIS-Australia LQ and FFQ.

Demographic and socioeconomic characteristics: Sex, date of
birth, age, island origin, migration year, years in Australia,
education level, years of education, marital status, house-
hold circumstances and socioeconomic status: self-reported
work, pension, occupation before retirement, self-rated
annual income.

Health (clinical) characteristics: Self-reported type of health
services accessed, rating, frequency of access and prevalence
of medical conditions: diabetes mellitus, hypertension,
hypercholesterolaemia and constipation. Cross-checking
with medical history will confirm presence of, and assist to
classify, CVD risk factors. Classification of CVD risk factors
and prevalence of MetS will be based on the study protocol
of the Greek MEDIS Study3,28 and current guidelines.

Current smokers: Individuals who report smoking at least
one cigarette per day or ceased smoking within 12 months
of recruitment; former smokers: individuals who smoked
previously but have not smoked for 12 months or more;
and non-smokers: remaining participants.

Gardening: (as a leisure activity and/or home-grown food gar-
dening) and housework were added to the existing list of physi-
cal activities in the modified questionnaire. The frequency of
each self-reported activity (1–2, 3–5 times per week or daily) and
the duration (minutes) will be recorded.3 The International

Physical Activity Questionnaire (IPAQ) criteria will be used to
classify activity level in one of three categories: health-enhancing
physical activity (HEPA), moderate activity and inactivity.3,30

Type 2 diabetes mellitus: Fasting plasma glucose ≥ 7.0
mmol/L (126 mg/dL) or 2-hour plasma glucose ≥ 11.1
mmol/L (200 mg/dL) and/or HbA1c ≥ 6.5% (48 mmol/
mol) and/or prescribed medication(s).3,31,32 Hypertension:
Blood pressure ≥ 140/90 mmHg and/or prescribed
medication(s).3,33 Hypercholesterolaemia: Total serum cho-
lesterol level (TC) ≥ 5.5 mmol/L (>200 mg/dL) and/or pre-
scribed medication(s).3 Dyslipidaemia: Elevated TC and/or
LDL or reduced high density lipoprotein (HDL)3,34 and/or
taking prescribed medication(s) compared to cut-points:
TC ≥ 5.5 mmol/L (>200 mg/dL); LDL ≤ 3.5 mmol/L
(135 mg/dL); HDL > 1.0 mmol/L (40 mg/dL)3,34 and tri-
glyceride levels (TG) TG ≤ 1.7 mmol/L (150 mg/dL).

Anthropometric measures will be recorded by a single
investigator using standard procedures. Measurements will
be conducted in a semi-private area, and participants will
wear light clothing with heavy jackets, scarves and shoes
removed. Standard equipment will be used: TANITA Body
Composition Monitor (BC-545), free-standing portable sta-
diometer (CHARDER HM-200P) and retractable tape meas-
ure. The average measure will be recorded on a coded,
study-specific data collection form (nearest 0.1 kg weight,
0.1 cm height and circumferences). Weight (kg) and height
(cm) will be used to determine individual BMI (kg/m2) to
classify participants consistent with the Greek MEDIS
Study3 and, by definitions, for older independently living
adults.35 Waist circumference (WC) and hip circumference
(HC) will be used to determine waist to hip ratio (WHR).36

Participants will be classified using sex, and ethnic-specific
cut-off points: WC: men >94 cm; women >80 cm and
WHR: men ≥0.90; women ≥ 0.85. WC cut-off points—men
>102 cm and women >88 cm—indicate a substantially
increased risk of metabolic complications and are consistent
with cut-off points in the NCEP-ATP III criteria for clinical
diagnosis of MetS, a cluster of interrelated metabolic risk
factors indicative of increased risk of development of CVD
and/or Type 2 diabetes mellitus.37 These criteria will be
used to classify participants with or without MetS. Neck cir-
cumference (NC) is associated with upper body obesity and
increased metabolic risk. Cut-off points by sex used in the
present study will be: NC: ≥ 37 cm men and ≥ 34 cm
women.38

Lifestyle (psychosocial) characteristics: Types, frequency of
social activities: outings and number of close friends. A pre-
viously validated, short 15-item Geriatric Depression Scale
(GDS-S) will be used to assess depressive symptoms.3 Prev-
alence of home-grown food gardening, religious fasting and
traditional cooking methods and/or cuisine are sociocultural
behaviours that will be explored in association with adher-
ence to the traditional MD pattern. Participants who keep a
home-grown food garden will be asked to estimate propor-
tions of produce grown from four response options. Seven
groups of vegetables and fruits were included. An estimate
will be made of home-grown food consumed and as a pro-
portion of total vegetable and fruit consumption.
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The Christian Greek Orthodox calendar includes religious
events throughout the year, some of which are associated
with religious fasting practices. Three major fasting periods
are Easter Lent (40 days), the Assumption (15 days) and the
Nativity Fast (40 days). Outside these periods, fasting can
be practiced on Wednesdays and Fridays. Greek Orthodox
religious fasting can range between 180 and 200 days annu-
ally, at least 50% of the year. Described as ‘periodic vegetari-
anism’, adherents abstain from meat, fish, eggs, dairy
products and olive oil (on some days). Seafood (excluding
finfish) such as shellfish or squid is always allowed. Finfish
is allowed during the fasting period preceding the Nativity
Fast. There are no restrictions on liquids other than dairy.39

In Greece, the practice has been associated with health out-
comes.39 Less is known of the prevalence and duration in
Australia.40 Two questions added to the modified question-
naire assess self-reported frequency to church and number
of days of fasting per year.

Dietary characteristics: The semi-quantitative modified
MEDIS-Australia FFQ was modelled on the original MEDIS
short semi-quantitative FFQ to assess dietary habits of older
adults living in Greek islands and Cyprus.3 The modified
FFQ will assess the frequency of consumption of food
groups, foods and beverages using the same categories:
never; rarely; 2–3 times per month; 1–2 times per week; 3–5
times per week; daily. The level of adherence to the MD will
be determined using previously validated diet scores: the
MEDIS MedDietScore (0–55)3 and the Mediterranean Die-
tary Pattern Score (MDPS range 0–9).25 The modified FFQ
was expanded from approximately 18 to 25 food and bev-
erage groups, comprising 97 items: 76 foods and 21 bev-
erages. Nine questions were added to capture dietary intake
of culturally specific foods, dishes and cooking methods/
cuisine, for example, tomato-based sauce with onions/garlic,
herbs and spices, frying, steaming, boiling and slow-cooked
(wet/moist) casserole dishes.

Daily food intake and intake of macro- and micronutri-
ents will be evaluated. Participants will estimate usual
intake from options—small, average and large— and from
household measures. Pre-defined portion size estimates will
be based on Australian and Greek food composition tables
and ethnic-specific portions from past Australian studies.10

Adjustments will be made to account for seasonal varia-
tions, which may influence dietary intake of vegetables and
fruit.41 Nutrient analysis will be conducted using Food-
Works version 8 (Xyris Software, Queensland, Australia).

Data analysis will be conducted using SPSS version 22.0
(IBM SPSS Statistics for Windows, IBM Corporation,
Armonk, NY, USA). A codebook has been created by the
researcher for coding the modified questionnaire. For exam-
ple, missing data will be coded as blank for no response or
zero, for example, where a food is never consumed. Catego-
rical variables will be presented as frequencies. Associations
between variables will be compared using chi-square test,
with a P-value < 0.05 statistically significant. Normality of
the distribution will be assessed by Kolmogorov–Smirnov
statistic. Distribution of scores will be checked for skewness,
kurtosis, normality and presence of outliers. For normally

distributed continuous variables, the mean, standard devia-
tion, standard error, 95% confidence intervals, minimum
and maximum values will be presented. Independent sam-
ples t-test and ANOVA will be used to test for differences
between groups. The median and 95% confidence intervals
will be presented for skewed continuous variables, and dif-
ferences between groups will be tested and compared using
non-parametric Mann–Whitney U-test and Kruskal–Wallis
test. Multivariate analyses will be undertaken to identify cov-
ariates and confounders of predictors of outcomes. Principle
components analysis (PCA) will be used to explore dietary
patterns.15,41 The target sample size and number of dietary
variables will enable a robust PCA. Principal components
will be retained at the eigenvalue threshold of ≥ 1.0 or a sig-
nificant break in the Scree plot.

Ethical research procedures will be maintained to ensure
anonymity and confidentiality. The MEDIS-Australia Study
protocol and modified questionnaire were approved by
Human Ethics Committee, La Trobe University (FHEC
11/127). Researchers will be responsible for storage of consent
forms and data. Documentation will be coded and de-
identified by a participant-specific code. Identifiers will
appear on the second, signed consent form to: enable contact
with the nominated doctor, confirm participant details and
cross-check the correct medical history. If consent to partici-
pate is given, but the second, separate consent is declined,
participant contact details will be used by the researcher to
administer the questionnaire and take anthropometric mea-
sures. Hard copies of consent forms will be stored separately
from de-identified documentation and questionnaires. The
trial was registered with the Australia and New Zealand Clini-
cal Trials Register (Trial registration number:
ACTRN12616000627459). The Retrospective registration
was accepted on 16 May, 2016. This protocol was written in
accordance with the Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) statement.

Discussion

Numerous health benefits have been established and associ-
ated with greater adherence to a MD pattern for both Medi-
terranean and non-Mediterranean populations. Whilst
adherence to the MD, dietary and health characteristics of
Greek-born Australians post-immigration were studied, the
influence of cooking methods, traditional cuisine and non-
dietary sociocultural lifestyle behaviours on adherence were
not fully explored. After at least 50 years in Australia,
adherence to the traditional dietary pattern and whether
retention of sociocultural behaviours potentially enables or
inhibits adherence is unknown. Cuisine, cooking methods
and non-dietary sociocultural lifestyle behaviours of an
older Greek diaspora cohort originally from islands may
reflect the dietary pattern characterised in 1950s rural
Crete, prior to immigration. Resistance to dietary accultura-
tion and possible retention of behaviours that enable adher-
ence may be health-protective. The MEDIS-Australia Study
is a unique opportunity to investigate these factors in an
older cohort not previously studied in Australia and has
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potential to offer novel insights into unexplored interrela-
tionships between adherence to the MD pattern, dietary,
health, lifestyle and ageing characteristics and sociocultural
behaviours. Possible implications are that characteristics
and/or behaviours found to be associated with adherence to
this well-established dietary pattern could be promoted to
encourage greater compliance for positive health outcomes.
Identified enablers of, or barriers to, adherence to a tradi-
tional MD pattern in the broader Australian population
could be evaluated in future studies to assess the utility of
this holistic approach to promoting the MD.

Funding source

La Trobe University is the main funding body for the
MEDIS-Australia Study.

Dr Stefanos Tyrovolas’s work (independent of the
MEDIS-Australia Study) was supported by the Foundation
for Education and European Culture (IPEP), the Sara Bor-
rell postdoctoral programmed (reference no. CD15/00019
from the Instituto de Salud Carlos III (ISCIII – Spain) and
the Fondos Europeo de Desarrollo Regional (FEDER).

Conflict of interest

The authors have no conflict of interest to declare.

Authorship

CI and AK were the principal investigators of the
MEDIS-Australia Study. AT conducted the study as part of
her doctoral research with CI, AK and LB co-supervising
the research. AT, CI and AK jointly modified the Australian
study protocol and questionnaire. LB contributed to the sta-
tistical elements of the study design and data analysis proto-
cols. EP and DBP were the principle investigators of the
MEDIS Study coordination in Greece and supported modi-
fications made to the original study protocol and question-
naire. AT developed the first draft of the manuscript,
reviewed and edited subsequent drafts and prepared the
final draft. AT, CI, AK and LB contributed to manuscript
revisions, and ST contributed to the final manuscript draft.
All authors approved the final version. The authors declare
that the content has not been published elsewhere and have
no competing interests.

The authors acknowledge and thank Dr Speros Tsindos
(Adjunct Lecturer, Deakin University) for contributions
made to the modified MEDIS-Australia questionnaire and
Mr Alfred Kouris and Ms Dimitra Velos for expertise with
English-to-Greek translations.

References

1 Keys A. Seven Countries: A Multivariate Analysis of Death and
Coronary Heart Disease. Cambridge: Harvard University
Press, 1980.

2 Panagiotakos DB, Chrysohoou C, Pitsavos C, Stefanadis C.
Association between the prevalence of obesity and adherence

to the Mediterranean diet: the ATTICA study. Nutrition 2006;
22: 449–56.

3 Tyrovolas S, Polychronopoulos E, Bountziouka V et al. Level of
adherence to the Mediterranean diet among elderly individuals
living in Mediterranean Islands: nutritional report from the
MEDIS study. Ecol Food Nutr 2009; 48: 76–87.

4 Tourlouki E, Matalas AL, Bountziouka V et al. Are current die-
tary habits in Mediterranean islands a reflection the past?
Results from the MEDIS study. Ecol Food Nutr 2013; 52:
371–86.

5 Panagiotakos DB, Chrysohoou C, Siasos G et al. Sociodemo-
graphic and lifestyle statistics of oldest old people (>80 years)
living in ikaria island: the ikaria study. Cardiol Res Pract 2011;
2011: 679187.

6 Panagiotakos DB, Polystipioti A, Papairakleous N,
Polychronopoulos E. Long-term adoption of a Mediterranean
diet is associated with a better health status in elderly people; a
cross-sectional survey in Cyprus. Asia Pac J Clin Nutr 2007;
16: 331–7.

7 Estruch h, Martinez-Gonzalez MA, Corella D et al. Effects of a
Mediterranean-style diet on cardiovascular risk factors: a ran-
domised trial. Ann Intern Med 2006; 145: 1–11.

8 De Lorgeril M, Salen P, Martin JI et al. Mediterranean diet, tra-
ditional risk factors and the rate of cardiovascular complica-
tions after myocardial infarction: final report of the Lyon Diet
Heart Study. Circulation 1999; 99: 779–85.

9 Kromhout D, Keys A, Aravanis C et al. Food consumption pat-
terns in the 1960s in seven countries. Am J Clin Nutr 1989; 49:
889–94.

10 Kouris-Blazos A, Itsiopoulos C. Low all-cause mortality despite
high cardiovascular risk in elderly Greek-born Australians:
attenuating potential of diet? Asia Pac J Clin Nutr 2014; 23:
532–44.

11 Ministry of Health and Welfare, Supreme Scientific Health
Council. Dietary guidelines for adults in Greece. Arch Hellen
Med 1999; 16: 516–24.

12 Godos J, Zappala G, Bernadini S et al. Adherence to the Medi-
terranean diet is inversely associated with metabolic syndrome
occurrence: a meta-analysis of observational studies. Int J Food
Sci Nutr 2017; 68: 138–48.

13 Grosso G, Marventano S, Yang J et al. A comprehensive meta-
analysis on evidence of Mediterranean diet and cardiovascular
disease: are individual components equal? Crit Rev Food Sci
Nutr 2015. https://doi.org/10.1080/10408398.2015.1107021.

14 Tyrovolas S, Haro JM, Mariolis A et al. Successful aging, dietary
habits and health status of elderly individuals: a k-dimensional
approach within the multi-national MEDIS study. Exp Gerontol
2014; 60: 57–63.

15 Harriss LR, English DR, Powles J et al. Dietary patterns and
cardiovascular mortality in the Melbourne Collaborative
Cohort Study. Am J Clin Nutr 2007; 86: 221–9.

16 Itsiopoulos C, Brazionis L, Rowley K, O’Dea K. The Greek
migrant morbidity mortality paradox: low level of hypertrigly-
ceridaemia and insulin resistance despite central obesity. Asia
Pac J Clin Nutr 2005; 14: S43.

17 RACGP. Handbook of non-drug interventions. Mediterranean
diet: reducing cardiovascular disease risk, 2014. (Available from:
http://www.racgp.org.au/yourpractice/guidelines/handi/
interventions/nutrition/the-mediterranean-diet-for-reducing-
cardiovascular-disease-risk/, accessed 20 June 2015).

18 Bach-Faig A, Berry EM, Lairon D et al. Mediterranean diet pyr-
amid today. Science and cultural updates. Public Health Nutr
2011; 14: 2274–84.

A. Thodis et al.

50 © 2017 Dietitians Association of Australia

https://doi.org/10.1080/10408398.2015.1107021
http://www.racgp.org.au/yourpractice/guidelines/handi/interventions/nutrition/the-mediterranean-diet-for-reducing-cardiovascular-disease-risk/
http://www.racgp.org.au/yourpractice/guidelines/handi/interventions/nutrition/the-mediterranean-diet-for-reducing-cardiovascular-disease-risk/
http://www.racgp.org.au/yourpractice/guidelines/handi/interventions/nutrition/the-mediterranean-diet-for-reducing-cardiovascular-disease-risk/


19 O’Neil A, Berk M, Itsiopoulos C et al. A randomised, controlled
trial of a dietary intervention for adults with major depression
(the “SMILES” trial): study protocol. BMC Psychiatry 2013;
13: 114.

20 Papamiltiadous ES, Roberts SK, Nicoll AJ et al. A randomised
controlled trial of a Mediterranean Dietary Intervention for
Adults with Non Alcoholic Fatty Liver Disease (MEDINA):
study protocol. BMC Gastroenterol 2016; 16: 14.

21 Young C. Selection and survival: immigrant mortality in
Australia. In: Studies in Adult Migrant Education. Canberra:
Department of Immigration and Ethnic Affairs, Australian Gov-
ernment Printing Services, 1986.

22 Tamis A. The Greeks Discover Australia. In: The Greeks in
Australia. Cambridge: Cambridge Books Online, Cambridge
University Press, 2005; 31–58.

23 Kouris A. Part five: achievements of the Melbourne Greek Com-
munity. In: Migrant: The Blessing and Misfortune of Loving Two
Countries! The Modern-day Odyssey of the Diaspora Greeks. Beau-
maris, Melbourne, Australia: Greek Press Pty Ltd, 1998; 291–398.

24 Kouris-Blazos A. Morbidity mortality paradox of 1st generation
Greek Australians. Asia Pac J Clin Nutr 2002; 11: S569–75.

25 Trichopoulou A, Kouris-Blazos A, Wahlqvist ML et al. Diet and
overall survival in elderly people. BMJ 1995; 311: 1457–60.

26 ABS. Death, Australia 2010ABS category no. 3302.0. Canberra:
Australian Government Publishing Service, 2012.

27 Tyrovolas S, Pounis G, Bountziouka V, Polychronopoulos E,
Panagiotakos DB. Repeatability and validation of a short, semi-
quantitative food frequency questionnaire designed for older
adults living in Mediterranean Areas: The MEDIS-FFQ. J Nutr
Gerontol Geriatr 2010; 29: 311–24.

28 The MEDIS Study. 2005. (Available from: https://www.medis-
study.eu/methodology/, accessed 28 February 2012).

29 World Health Organisation. Process of Translation and Adapta-
tion of Instruments. Geneva: WHO, 2016. (Available from:
http://www.who.int/substance_abuse/research_tools/
translation/en/, accessed 20 June 2015).

30 Craig CI, Marshall AL, Sjostrom M. International physical
activity questionnaire: 12-country reliability and validity. Med
Sci Sports Exerc 2003; 35: 1381–95.

31 World Health Organisation. Definition and Diagnosis of Diabetes
Mellitus and Intermediate Hyperglycaemia: Report of a WHO/IDF
Consultation. Geneva: WHO, 2006.

32 d’Emden MC, Shaw JE, Colman PG et al. The role of HbA1c in
the diagnosis of diabetes mellitus in Australia. Med J Aust 2012;
197: 220–1.

33 World Health Organisation. Prevention of Cardiovascular Dis-
ease. Guidelines for Assessment and Management of Cardiovascu-
lar Risk. Geneva: WHO, 2007.

34 Fodor G. Primary prevention of CVD: treating dyslipidemia.
In: Clinical Evidence Handbook. London, UK: BMJ Publishing
Group, 2010; 39–40.

35 Winter JE, MacInnis RJ, Wattanapenpaiboon N, Nowson CA.
BMI and all-cause mortality in older adults: a meta-analysis.
Am J Clin Nutr 2014; 99: 875–90.

36 World Health Organisation. Waist Circumference and Waist-Hip
Ratio: Report of a WHO Expert Consultation. Geneva:
WHO, 2008.

37 Grundy SM, Cleeman JI, Daniels SR et al. Diagnosis and man-
agement of the metabolic syndrome: an American Heart Asso-
ciation/National Heart, Lung and Blood Institute Scientific
Statement. Circulation 2005; 112: e285–90.

38 Ben-Noun L, Sohar E, Laor A. Neck circumference as a simple
screening measure for identifying overweight and obese
patients. Obes Res 2001; 9: 470–7.

39 Sarri KO, Linardakis MK, Bervanaki FN, Tzanakis NE, Kafatos AG.
Greek Orthodox fasting rituals: a hidden characteristic of the Medi-
terranean diet of Crete. Br J Nutr 2004; 92: 277–84.

40 Kouris-Blazos A. Elderly Greeks in Spata, Greece and Melbourne,
Australia: Food Habits, Health and Lifestyle. Melbourne: Monash
University, 1994.

41 Itsiopoulos C. Diabetes and cardiovascular disease: the Greek
Migrant Paradox (Doctoral thesis). Melbourne, Australia: Uni-
versity of Melbourne, 2007.

Supporting information

Additional Supporting Information may be found online in
the supporting information tab for this article.

Supplemental File 1 Modified MEDIS-Australia Lifestyle
Questionnaire.

Supplemental File 2 Modified MEDIS-Australia FFQ.

The MEDIS-Australia study: Protocol and rationale

© 2017 Dietitians Association of Australia 51

https://www.medis-study.eu/methodology/
https://www.medis-study.eu/methodology/
http://www.who.int/substance_abuse/research_tools/translation/en/
http://www.who.int/substance_abuse/research_tools/translation/en/


ORIGINAL RESEARCH

High nutrition risk is associated with higher risk
of dysphagia in advanced age adults newly admitted
to hospital

Amy POPMAN,1 Marilize RICHTER,1 Jacqueline ALLEN 2 and Carol WHAM 1

1School of Food and Nutrition, Massey University and 2Department of Surgery, University of Auckland, Auckland,
New Zealand

Abstract
Aim: To establish the prevalence of nutrition risk and associated risk factors among adults of advanced age newly
admitted to hospital.
Methods: A cross-sectional study was undertaken in adults aged over 85 years admitted to one of two hospital
wards in Auckland within the previous 5 days. An interviewer-administered questionnaire was used to establish par-
ticipant’s socio-demographic and health characteristics. Markers of body composition and muscle strength were col-
lected. Nutrition risk was assessed using the Mini Nutritional Assessment-Short Form (MNA-SF), dysphagia risk using
the 10-Item Eating Assessment Tool (EAT-10) and level of cognition using the Montreal Cognitive Assessment.
Results: A total of 88 participants with a mean age of 90.0 � 3.7 years completed the assessments. A third (28.4%)
of the participants were categorised by the MNA-SF as malnourished and 43.2% were classified at risk of malnutri-
tion. A third (29.5%) were at risk of dysphagia as assessed by EAT-10. Malnourished participants were more likely to
be at risk of dysphagia (P = 0.015). The MNA-SF score was positively correlated with body mass index (r = 0.484,
P < 0.001) and grip strength (r = 0.250, P = 0.026) and negatively correlated with risk of dysphagia (r = −0.383,
P < 0.001).
Conclusions: Among newly hospitalised adults of advanced age, over two thirds were malnourished or at risk of
malnutrition, and a third were at risk of dysphagia. Nutrition risk was positively correlated with low BMI and grip
strength and negatively correlated with dysphagia risk. Findings highlight the importance of screening for dysphagia
risk, especially in those identified to be malnourished or at nutrition risk.

Key words: aged, deglutition disorders, hospitals, malnutrition, mini nutrition assessment, muscle strength.

Introduction

New Zealand’s (NZ’s) population is ageing. The 85+ age
group makes up the fastest growing group of older adults,
growing to 23.4% of the 65+ age group by 2063, nearly dou-
ble the proportion in 2013.1 Maintaining a high level of nutri-
tional well-being is fundamental to successful ageing as it has
a positive impact on social, cultural and self-perceived health-
related quality of life.2 A myriad of changes, including the
presence of chronic diseases, depression and social isolation,
can act synergistically with a decline in digestive function dur-
ing ageing, making advanced age adults nutritionally

vulnerable.3 Changes in body composition during the ageing
process are mainly due to the decrease in lean body mass,4

which contributes to a reduction in muscle strength,5 known
as ‘age-related sarcopenia’. Adults of advanced age may also
have impaired or disrupted swallowing function (dysphagia)
associated with age-related physiological changes and impact
of a decline in muscle mass and strength on swallowing func-
tion.6 Oral intake may be limited as a result of dysphagia, and
nutrition status is invariably reduced.7

Malnutrition can become entwined in a vicious cycle for
older adults as it is often interlinked with reduced immune
function, weakening their defence against other conditions
such as pneumonia and diarrhoea.8 In turn, nutrient
requirements increase, nutrient losses increase, and older
adults may experience impaired appetite.9 As a conse-
quence, vulnerable individuals may experience longer hos-
pital admissions, higher mortality rates and are more likely
to need long-term residential care.10 Regrettably, malnutri-
tion is often not detected in hospitals,1 and there is a ten-
dency for nutritional status to considerably worsen over
10 days of hospitalisation.2 Nutrition risk screening is
widely recognised as an inexpensive, quick and reliable

A. Popman, MSc, NZRD, Dietitian
M. Richter, PhD, NZRD, Lecturer
J. Allen, MD, Otolaryngologist
C. Wham, PhD, NZRD, Associate Professor
Correspondence: C. Wham, School of Food and Nutrition, College of
Health, Massey University, Albany Campus, Private Bag 102904, North
Shore Mail Centre, Auckland 105, New Zealand.
Email: c.a.wham@massey.ac.nz

Accepted August 2017

© 2017 Dietitians Association of Australia52

AA
  AA

DD
D

ie
ti

ti
an

s 
As

so
ci

at
io

n
ofof

 A
us

tr
al

ia

Nutrition & Dietetics 2018; 75: 52–58 DOI: 10.1111/1747-0080.12385

http://orcid.org/0000-0002-3302-7045
http://orcid.org/0000-0002-5136-1346


method to identify older adults at risk of malnutrition.11,12

Several nutrition screening tools are available and appropri-
ate for use in the hospital setting based on their validity, reli-
ability, sensitivity and specificity testing.13 In the absence of
screening, the outcomes of malnutrition are associated with
considerable costs.1 At hospital admission, malnutrition has
been shown to increase costs by 31% (moderate) to 38%
(severe), after controlling for characteristics that may influ-
ence the cost of hospitalisation and the likelihood of being
malnourished.3 Use of a screening tool at the time of hospi-
tal admission, however, has been shown to improve the
identification of malnourished frail individuals by nursing
and medical staff from 50% to 80% and reduces the length
of hospital stay.4

When nutrition risk screening is implemented and fol-
lowed up with a nutrition care plan, nutritional status and
outcomes such as length of stay can be improved.10

In NZ, the prevalence of nutrition risk among
community-dwelling older adults has been reported in the
range of 31–62%,14–19 but it is largely unknown in older
adults at the time of hospitalisation. With older adults elect-
ing to remain in their homes for as long as possible, predis-
posing factors such as advancing age may compromise food
procurement, preparation and eating and have a detrimen-
tal impact on nutrition status. Older adults at the time of
hospitalisation may be more nutritionally vulnerable and
lack the physical reserve to recover from an acute health
stress. Therefore, the aim of this study was to establish the
prevalence of nutrition risk and associated risk factors
among adults of advanced age recently hospitalised.

Methods

A cross-sectional study was undertaken in participants
aged 85 years and older within 5 days of hospital admis-
sion. A consecutive sampling method was applied to
recruit new admissions between June and August 2015.
Patients were excluded if they resided outside of the Wait-
emata District Health Board (WDHB) catchment area; had
a terminal illness or were receiving palliative care; or if
they had a diagnosis of the following: psychiatric eating
disorder, cancer of the larynx, an oesophageal abnormality
or limited functioning/perforation of their gastrointestinal
tract. Those receiving enteral or parental nutritional sup-
port were also excluded. Ethical approval was obtained
from the Health and Disability Ethics Committee:
Northern A.

Study data were collected during face-to-face interviews
with participants on the hospital wards using an
interviewer-administered questionnaire, standardised assess-
ment tools and anthropometric measures. Interviewers
received training to ensure a standardised approach was
used. Written consent was obtained from all participants.

The questionnaire established the participant’s socio-
demographic and health characteristics. Age, gender, eth-
nicity, marital status, living situation, source of income,
education level, key comorbidities and health issues,

prescribed medications, dental status and self-reported help
with activities of daily living were included.

Weight was measured and recorded to the nearest 0.1 kg
using electronic scales (InBody230; Biospace, Cerritos, CA,
USA). For frail and bed-bound participants, weight mea-
surements were taken from the weight recorded upon
admission. Height measurements were also taken from the
participants’ admission notes. Where height was not
recorded, demi-span (cm) was measured to the nearest
0.1 cm, and an estimated height was calculated using the
predictive equation derived from the Malnutrition Action
Group20: men: height (cm) = (1.40✕ demi-span in cm) +
57.8; women: height (cm) = (1.35✕ demi-span in cm) +
60.1. Body mass index (BMI) was calculated from the parti-
cipants’ weight and height or estimated height from demi-
span (weight/height2). Where BMI could not be deter-
mined, calf circumference was measured to the nearest
0.1 cm in accordance with the MNA-SF user guide.

Muscle strength was assessed by measuring hand grip
strength using a Jamar hydraulic hand dynamometer
(model 5030J1), with the handle set in the second position.
The average of three readings from the strongest hand was
used. A measure of 32 kg for men and 22 kg for women
was used as cut-off points for normal grip strength.21 Parti-
cipants were excluded from this measure if they declined or
had significant weakness that impaired their ability to hold
the hand dynamometer.

Nutrition risk status was assessed using the Mini Nutri-
tional Assessment-Short Form (MNA-SF).22 An MNA-SF
score of less than eight points indicates malnutrition,
between 8 and 11 indicates nutrition risk, and 12–14
points indicates normal nutrition status.11

Although BMI is an integral component of the six MNA-
SF item scores, it was additionally classified as underweight
<23 kg/m2, of healthy weight 23–29.9 kg/m2 and over-
weight ≥30 kg/m2 in view of more recent recommendations
that indicate older adults with a BMI <23 kg/m2 are at a
greater risk of mortality.23

The validated 10-Item Eating Assessment Tool (EAT-10)
was used to assess dysphagia-specific quality of life. EAT-10
items included aspects of swallowing liquids, solids and
tablets, as well as weight loss, stress and pain associated
with swallowing. Participants rated how severe they found
the swallowing-related problem on a scale of 0–4. EAT-10
scores of less than three points indicate participants are not
at risk, while scores of three points or higher are indicative
of the risk of a swallowing problem.24

The validated Montreal Cognitive Assessment (MoCA)
was used to assess cognition, including orientation to time
and place, language, attention, concentration, working
memory and visuospatial abilities. Out of a maximum score
of 30, scores of 26 or more indicate ‘normal cognition’,
while scores less than 26 indicate cognitive impairment.25

The MoCA was carried out close to discharge to avoid
falsely lowered scores by hospital-induced delirium or
stress.

Variables were tested for normality using the
Kolmogorov–Smirnov tests, together with examining the
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normality plots. Counts and percentages were used to
describe categorical data. Pearson chi-square was used to
examine differences between groups for categorical data.
Normally distributed data were reported as mean � stand-
ard deviation (SD). One-way analysis of variance (ANOVA)
with Tukey’s post hoc tests was applied to test for differ-
ences between groups. Pearson correlations were performed
to identify correlations between participant characteristics
and nutrition risk status. A P-value of <0.05 was considered
statistically significant. Statistical analysis was completed
using IBM SPSS package version 22 (IBM Corporation, Chi-
cago, IL, USA).

Results

The participants’ socio-demographic, health and physical
characteristics are shown in Table 1.

Of 88 participants, 31 (35.2%) were men. The mean age
was 90.0 � 3.7 years, with more than half (55.7%) aged
≥90 years. Two thirds of the participants were widowed
(67.0%), and nearly a half (45.4%) lived alone. Using the
MNA-SF, most of the participants had an impaired nutri-
tion status, with 43.2% at risk of malnutrition and 28.4%
malnourished. BMI was recorded for all but one participant
who had a calf circumference of less than 31 cm and an
overall MNA-SF score for malnourished. The mean BMI of
participants was 22.8 � 4.2 kg/m2. Using the BMI cut-off
scores for the MNA-SF, 16% had a BMI <19, 18% between
19 and <21, 20% between 21 and <23 and 46% ≥23.

The mean grip strength of the participant’s dominant
hand was 13.1 � 6.6 kg. The mean EAT-10 score was
10.0 � 7.2, with nearly a third of participants (29.5%)
identified at risk of dysphagia. Cognition as assessed by the
Montreal Cognitive Assessment (MoCA) was below normal
in most of the participants who were assessed (93%). The
MoCA was not completed by a third (27) of the participants
due to early discharge or because the participants declined
completion (Table 1).

Differences in participant characteristics between nutri-
tion risk status groups are shown in Table 2. Post hoc tests
revealed that the mean risk score was significantly lower
among participants with normal nutrition status compared
to those who were malnourished, but not those at risk of
malnutrition. Chi-square tests showed that participants
who were malnourished were more likely to be at risk of
dysphagia (P = 0.015). One-way analysis of variance
revealed there was a significant relationship between grip
strength (P = 0.004) and nutrition risk status. Post hoc tests
showed grip strength was significantly stronger among
well-nourished participants compared to those at risk of
malnutrition, but not those who were malnourished
(Table 2).

Table 3 shows that the nutrition risk score (MNA-SF)
was inversely correlated with the dysphagia risk (EAT-10)
score (r = −0.383, P < 0.001). The nutrition risk score was
positively correlated with BMI (r = 0.484, P < 0.001) and
the grip strength of the participants’ dominant hand
(r = 0.250, P = 0.026).

Discussion

Using the MNA-SF, among adults of advanced age recently
admitted to hospital, 43.2% were at risk of malnutrition,
and 28.4% were malnourished. Assessment of nutrition risk
status among older people admitted to NZ hospitals is

Table 1 Participant socio-demographic, health and physi-
cal characteristics

Characteristic n = 88

Age (years)(a) 90.0 � 3.7
≥90 years 49 (55.7)

Gender
Women 57 (64.8)

Marital status
Married/partnered 26 (29.5)
Widowed/divorced/not married 62 (70.4)

Living situation
Living alone 40 (45.4)
Living with others 59 (54.6)

Sourced income
Pension only income 58 (65.9)

Education
Primary 15 (17.0)
Secondary 62 (70.5)
Tertiary 11 (12.5)

Key comorbidities
<5 20 (22.7)
≥5 68 (77.3)

Prescribed medications
≥5 62 (70.5)

Dental status
Dentate 13 (14.8)
Edentulous 19 (21.6)
Dental appliance 56 (63.6)

Dysphagia risk status(a) 10.0 � 7.2
At risk (EAT-10 score ≥ 3)(a) 26 (29.5)

Cognitive function(a),(c) 17.8 � 5.1
Below normal (MoCA score < 26)(d) 57 (93.4)

Self-reported need for daily support
Requires daily support 62 (70.5)
MNA-SF score (a) 9.6 � 2.9

Well nourished (12–14)(e) 25 (28.4)
At risk of malnutrition (8–11)(e) 38 (43.2)
Malnourished (0–7)(e) 25 (28.4)

Weight (kg)(a) 59.8 � 12.2
Height (cm)(a),(f ) 161.8 � 8.7
Body mass index (kg/m2)(a) 22.8 � 4.2

Below 23 (kg/m2) 47 (53.4%)
Grip strength, dominant hand (kg)(a) 13.1 � 6.6

EAT-10, 10-Item Eating Assessment Tool; MoCA, Montreal Cogni-
tive Assessment; MNA-SF, Mini Nutrition Assessment-Short Form.
All values reported as n (%) unless otherwise indicated.
(a) Values reported as mean � SD.
(b) Recognised cut-off values for dysphagia risk as per the EAT-10.26
(c) Missing values = 27.
(d) Recognised cut-off values for cognitive function as per the
MoCA.27
(e) Recognised cut-off values for MNA-SF.12
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scarce; however, our finding is comparable to a South
Auckland study in 2002 where, using the MNA-SF, a quar-
ter (24%) of older adults with a mean age of 81 years
admitted to hospital were identified as malnourished and
44% at risk of malnutrition.26 Similarly, among consecutive
older adults with a mean age of 81.5 years, admitted to
Christchurch hospital with a fracture of the proximal
femur, 44.2% were found to have two indicators and a fur-
ther 9% three indicators of malnutrition as determined by

serum albumin and pre-albumin levels, triceps skinfold
thickness and mid upper arm circumference.27 Using the
MNA-SF, among Australian older adults with a mean age of
81 years, who were admitted to a rehabilitation ward,
nearly half (47%) were assessed to be at risk of malnutrition
and 6% were malnourished.28 Age is an important determi-
nant of nutrition status;29 thus, the higher prevalence of
malnutrition observed in the present study may be a reflec-
tion of the participants’ advanced age.14–19,30

Table 2 Characteristics of well-nourished, at-risk and malnourished participants

Well-nourished (n = 25) At risk (n = 38) Malnourished (n = 25) P-value

Age (years)(a) 89.2 � 2.4 90.7 � 4.4 89.9 � 3.5 0.258
≥90 years 12 (48.0) 23 (60.5) 14 (56.0) 0.619

Gender
Women 15 (60.0) 26 (68.4) 16 (64.0) 0.787
Men 10 (40.0) 12 (31.6) 9 (36)

Marital status
Married/partnered 8 (32.0) 10 (26.3) 8 (32.0) 0.846
Widowed/divorced/not married 17 (68) 28 (73.7) 17 (68.0)

Living situation
Living alone 10 (40.0) 19 (50) 11 (44) 0.727
Not living alone 15 (60) 19 (50) 14 (56)

Sourced income
Pension only income 14 (56.0) 25 (65.8) 19 (76.0) 0.329

Education level
Primary 4 (16.0) 6 (15.8) 5 (20.0) 0.898
Secondary and tertiary 21 (84) 32 (84.2) 20 (80)

Self-reported need for daily support
Requires daily support 15 (60.0) 28 (73.8) 19 (76.0) 0.392

Key comorbidities
<5 3 (12) 3 (7.9) 1 (4) 0.579
≥5 22 (88) 35 (92.1) 24 (96)

Prescribed medications
≥5 20 (80.0) 23 (60.5) 19 (76.0) 0.196

Dental status
Dentate 4 (16.0) 7 (18.4) 2 (8.0) 0.776
Edentulous 5 (20.0) 7 (18.4) 7 (28.0)
Dental appliance 16 (64.0) 24 (63.2) 16 (64.0)

Cognitive score(a),(b) 19.1 � 5.1 17.2 � 5.0 17.5 � 5.3 0.451
Below normal (MoCA score < 26)(b),(c) 16 (88.9) 29 (96.7) 12 (92.3) 0.537

BMI (kg/m2) 25.5 � 3.7**, *** 22.5 � 4.1** 20.3 � 3.1*** <0.001
Below 23 (kg/m2)(d) 5 (5.7%) 23 (26.1%) 19 (21.6%) <0.001

Grip strength, dominant hand (kg)(a) 16.5 � 7.4** 10.8 � 4. 9** 13.0 � 6.7 0.004
Men with low grip strength(e) 23 (26.1) 34 (38.6) 22 (25.0) 0.894
Women with low grip strength(e) 19 (21.6) 34 (38.6) 19 (21.6) 0.268

Dysphagia risk status(e) 1.7 � 2.8* 2.82 � 5.4 6.0 � 7.7* 0.017
At risk (EAT-10 score ≥ 3)(f ) 5 (20.0) 8 (21.1) 13 (52.0) 0.015

EAT-10, 10-Item Eating Assessment Tool; MoCA, Montreal Cognitive Assessment.
Differences between means tested by one-way analysis of variance and Bonferroni post hoc tests. Differences between categories were calcu-
lated with Pearson chi-square. All values reported as n (%) unless otherwise indicated. Values with the same significant superscript differed
significantly.
(a) Values reported as mean � SD.
(b) Missing values = 27.
(c) Recognised cut-off values for cognitive function as per the MoCA.27
(d) Cut-off values for older adults.25
(e) Recognised cut-off values for grip strength men >32 kg and women >22 kg.23
(f) Recognised cut-off values for dysphagia risk as per the EAT-10.26
*P < 0.05, **P < 0.01, ***P < 0.001.
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Social changes accompany advancing age. Widowhood
becomes more common, and older adults may transition
from living with others to living alone.1 Loneliness is often
experienced, which may impact eating behaviours whereby
appetite is reduced and the motivation to prepare and eat
meals declines.16 Increased nutrition risk is well documen-
ted among widows and those with a higher need for assis-
tance with shopping, meal preparation and eating.15,18,30 In
the present study, half of the participants lived alone and
may have lacked companionship, which is known to facili-
tate eating,31 although 70% of participants received regular
social support for tasks, including shopping and cooking.

More than two thirds of the participants (77%) had five
or more comorbidities. Multiple comorbidities may com-
promise nutrition through decreased appetite, altered
absorption and metabolism of nutrients, poor response to
inflammation, infection and trauma32 and is associated with
poor nutritional status.33

Notably, most (93%) of the participants in the current
study scored below 26 points on the MoCA, which was
established as a clinical cut-off for mild cognitive impair-
ment.25,34 Octogenarians with diminished cognitive func-
tion have previously been found to be at twice a higher risk
of developing malnutrition.35 Although no association with
the nutrition risk score in the current study was detected,
impaired cognitive function is reported to induce depend-
ence in the activities of daily living, especially related to eat-
ing;36 indeed, malnutrition itself may be a risk factor for
cognitive decline.37

The mean BMI of the study participants was
22.8 � 4.4 kg/m2 within the WHO International BMI Clas-
sification for a healthy weight range (18.5–24.9 kg/m2).38

However, a recent meta-analysis found a greater risk of
mortality for those with a BMI of less than 23 or higher
than 30 kg/m2.23 Applying these cut-off values, half (53%)
of the participants in the current study had a BMI outside
the proposed recommended healthy weight range for older
adults (23–30 kg/m2). In older people, it has previously
been reported that BMIs in the overweight range are associ-
ated with optimal survival.39 Accordingly, it has been

suggested that the desirable healthy weight range be set
higher for improved health outcomes in older people.40 In
the current study, the participants grip strength in the dom-
inant hand was positively correlated with the MNA-SF
score (r = 0.250, P = 0.026). This is similar to a weak cor-
relation between grip strength and MNA-SF score
(r = 0.209, P < 0.001) previously observed among older
adults with a mean age of 67.7 years in Malaysia.12 We
observed that grip strength was poorer in participants ‘at
risk’ than those who were malnourished. There were, how-
ever, more women in the ‘at risk’ group; they were slightly
older and more cognitively impaired than those who were
malnourished. This observation may also relate to other
lifestyle and physical-related factors.41 Grip strength is
known to weaken with age42 and is known as a marker of
muscle function and may react early to malnutrition risk.
As muscle function is more closely related to frailty in older
age than to nutritional status, grip strength may not be a
useful marker for the malnourished.43

A third of the participants were at risk of dysphagia, con-
sistent with a previous investigation in hospitalised older
adults.44 Participants at dysphagia risk were significantly
more likely to be malnourished than at nutrition risk or well
nourished. Studies across a range of settings support this
finding, with a consistent link reported between dysphagia
risk and poor nutrition status.7,44 Age-related changes in
muscle mass can disrupt the swallowing process.6,44 In order
to accommodate this, individuals may reduce their food
intake or choose alternative foods, contributing to the devel-
opment of poor nutrition status.7 People with cognitive
decline may also have swallowing problems, with a reported
prevalence of swallowing problems among dementia patients
of 13–57%.45 Our findings highlight the need for screening
of dysphagia risk on admission to hospital as a preventative
health measure, particularly for advanced age adults.

There are several limitations to this study. First, the
cross-sectional design limited inference on causality, and
instead, only associations could be reported. As a 3-month
period was used for participant recruitment, the sample size
of advanced age older adults who completed the assess-
ments limits the opportunity to extrapolate the findings. As
participants’ recruitment was confined to Waitemata District
Health Board catchment area, findings may not be represen-
tative of advanced aged adults admitted to hospital wards
in other regions; thus, further investigations are warranted.
The MoCA, which required participants to score ≥26 of
30 to be cognitively normal, was finished by only 61 partici-
pants due to early discharge or incompletion. Most partici-
pants (93.4%) scored <26, indicative of mild cognitive
impairment. The MoCA includes several domains of cogni-
tion and, in a cross validation in community-living older
adults, has been reported to be a good, age-sensitive and
effective tool for cognitive screening.46

In conclusion, this study reports a high prevalence of
nutrition risk among hospitalised adults of advanced age.
Ensuring routine nutrition screening is carried out on
admission to hospital is an important first step to improve
the nutrition status of older adults.

Table 3 Correlation between MNA-SF score and partici-
pant characteristics

Nutrition risk score
(MNA-SF)

Pearson
correlation (r) P-value

Age (years) −0.008 0.941
Body mass index (kg/m2) 0.484 <0.001*
Grip strength, dominant hand (kg) 0.250 0.026*
Key comorbidities 0.024 0.824
Prescribed medication −0.032 0.767
Cognition 0.170 0.190
Dysphagia risk status −0.383 <0.001*

MNA-SF, Mini Nutrition Assessment-Short Form.
*Significant difference, P < 0.05.
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Additionally, screening for dysphagia risk, especially
among those identified to be at nutrition risk or malnour-
ished, may greatly assist with shaping interventions to
improve nutrition status.
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Salty taste thresholds and preference in patients
with chronic kidney disease according to disease
stage: A cross-sectional study
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Abstract
Aim: The present study was performed to evaluate the differences in salty taste thresholds among normal controls
and non-dialysis chronic kidney disease (CKD) patients according to disease stage and to evaluate the relationship
between salty taste thresholds or preferences and mean spot urine sodium concentrations.
Methods: This cross-sectional study enrolled 436 patients with non-dialysis CKD and 74 normal controls. We evalu-
ated detection and recognition thresholds, salty taste preferences and salt usage behaviours (through a question-
naire) in CKD patients and normal controls. We averaged the three most recent spot urine sodium concentrations and
used this ‘mean spot urine sodium’ value to estimate sodium intake in CKD patients.
Results: Detection thresholds of stages 3 and 5 and recognition thresholds of stage 3 CKD patients were higher
than those of normal controls. Salty taste preferences of stage 5 and salt usage behaviour scores of stages 4 and
5 CKD patients were lower than those of normal controls. Univariate analysis showed that estimated glomerular fil-
tration rate (eGFR), salt usage behaviour score, salty taste preference, smoking, gender and zinc level were signifi-
cantly associated with mean spot urine sodium in CKD patients. Multiple regression analysis showed that the eGFR
and salty taste preference were independently correlated with mean spot urine sodium.
Conclusions: Education to change salty taste preferences and regular follow up are necessary to decrease salt
intake in CKD patients.

Key words: chronic renal insufficiency, feeding behaviour, food preference, glomerular filtration rate, sodium,
taste threshold.

Introduction

Excessive oral salt intake can induce high blood pressure in
salt-sensitive individuals. High blood pressure due to
chronic kidney disease (CKD) is generally salt-sensitive and
is sometimes difficult to treat.1,2 Thus, sodium restriction is
a beneficial and reasonable treatment for high blood

pressure in CKD patients. However, it is sometimes difficult
to achieve sodium restriction, and excessive restrictions
affect the patient’s quality of life. One factor that acts as a
potential barrier to salt restriction is impaired sensitivity to
salty taste. If patients cannot accurately sense salt, they may
increase their oral sodium intake.1,2 To assess taste acuity,
two different salty taste thresholds—detection threshold
and recognition threshold—are used.2–5

Sensitivity to salty taste differs among individuals and is
influenced by various factors, such as age, gender, smoking,
diabetic nephropathy and zinc level.6–9 Salty taste dysfunc-
tion has been observed in non-dialysis CKD patients.2 Taste
dysfunction in CKD patients has various causes, such as
metabolic disorders, deficiencies of various micronutrients
including zinc, degree of kidney dysfunction, alterations in
peripheral nerve activity and administered drugs.2 Because
taste acuity improves with haemodialysis, the accumulation
of uraemic toxins may be partly responsible for the
impaired gustatory threshold in CKD patients.2,10
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The purpose of the present study was to evaluate the differ-
ence in salty taste thresholds between normal controls and
CKD patients according to disease stage and to evaluate the
relationship between salty taste thresholds or preferences and
mean spot urine sodium concentrations in CKD patients.

Methods

This cross-sectional study was conducted at Asan Medical
Center, a 2,406-bed university hospital in Seoul, Korea,
and complies with the items in the strengthening the
Reporting of observational studies in Epidemiology
(STROBE) checklist. We enrolled 436 patients with CKD
(mean age, 55.5 � 14.5 years; 221 men and 215 women)
who visited the nephrology clinic more than three times
and underwent spot urine sodium measurements at each
visit. None of the patients was undergoing dialysis. CKD
stage was defined according to the estimated glomerular fil-
tration rate (eGFR) based on the recent guidelines set by
the National Kidney Foundation11: stage 1, ≥90 mL/min/
1.73 m2; stage 2, 60–89 mL/min/1.73 m2; stage
3, 30–59 mL/min/1.73 m2; stage 4, 15–29 mL/min/1.73
m2; and stage 5, <15 mL/min/1.73 m2. eGFR was obtained
using the Chronic Kidney Disease Epidemiology Collabora-
tion equation.12 The equation is expressed as a single equa-
tion, as follows: GFR = 141 × min(Scr/κ, 1)α × max(Scr/
κ, 1)−1.209 × 0.993Age × 1.018 (if female) × 1.159 (if black),
where Scr is serum creatinine, κ is 0.7 for females and 0.9 for
males, α is −0.329 for women and −0.411 for men, min indi-
cates the minimum value of Scr/κ or 1, and max indicates
the maximum value of Scr/κ or 1.

We asked whether the subject was a current smoker
using a questionnaire. We excluded patients taking diure-
tics and those with acute illnesses characterised by systemic
inflammation (defined as a C-reactive protein level >10 mg/
L), malignancy, acute or chronic liver disease, congestive
heart failure or renal transplantation, which might affect
taste detection. In addition, 74 normal controls (mean age,
57.5 � 11.5 years; 35 men and 39 women; eGFR:
77–129 mL/min/1.73 m2; mean eGFR, 95.2 � 13.1 mL/
min/1.73 m2) without any severe systemic diseases were
enrolled. The study has been conducted in accordance with
the ethical standards laid down in an appropriate version of
the Declaration of Helsinki (as revised in Brazil, 2013). The
protocol was approved by an Institutional Review Board of
Asan Medical Center (S2014-0373), and all subjects pro-
vided written informed consent.

The two most widely used methods of evaluating sodium
intake are 24-hour urine sodium collection and dietary
recall. However, these methods may be difficult to perform
routinely. The 24-hour urine sodium collection method is
considered to be the most reliable method because most die-
tary sodium is excreted in the urine as long as there is no
external loss from diarrhoea or excessive perspiration. How-
ever, many subjects find it inconvenient to collect urine for
an entire day because they need to carry urine jars with
them, and collection may thus be incomplete. A study
reported the rate of unsuccessful urine collection to be

approximately 40%.13 The dietary recall method also has
several limitations, such as errors in self-reporting, inaccu-
rate or incomplete food tables and missing data.14 The one-
time spot urine sodium method is simpler than the 24-hour
urine sodium method, and its accuracy has been confirmed
in population studies15 and in hypertensive patients.16,17

We also reported that one-time spot urine sodium signifi-
cantly correlated with 24-hour urine sodium in patients with
CKD, with a correlation coefficient of 0.377–0.471.18 Since
then, we have routinely measured spot urine sodium during
every clinic visit of CKD patients. According to our previous
data, the 24-hour urine sodium was better correlated with
spot urine sodium than with the spot urine sodium–

creatinine ratio. Therefore, we use spot urine sodium rather
than the spot urine sodium–creatinine ratio.18

In the present study, we averaged the three most recent
spot urine sodium concentrations and used this ‘mean spot
urine sodium’ concentration to estimate the sodium intake.
We also obtained a one-time spot urine sodium concentra-
tion measurement in controls. Urine sodium concentrations
were measured using a COBAS Integra Chemistry Analyzer
(Roche Diagnostics, Basel, Switzerland).

The detection threshold was defined as the concentration
of a solution at which subjects could clearly differentiate the
solution from deionised water without necessarily recognis-
ing the type of stimulus.5 A three-alternative, forced-choice
procedure was used to determine the detection threshold
using a single-blind design.3 The concentrations of sodium
chloride (NaCl) solutions used for the detection and recog-
nition thresholds were 0.01, 0.025, 0.05, 0.075, 0.10,
0.125, 0.15, 0.20, 0.3, 0.4 and 0.5% (11 stages). The num-
ber of different salt concentrations in the studies we cited
were 6,2 7,3 114 and 15.5 Among 15 types of concentrations
of NaCl (1–78 mM in 5.5-mM increments) tested by Gomez
et al., only 6 were used as detection and recognition thresh-
olds.5 We felt that 11 types of concentrations were sufficient
for differentiation. The NaCl solution was prepared using
deionised water and stored at 4�C. Before the taste test, the
solution was allowed to reach room temperature. For each
concentration, one cup of NaCl solution and two cups of
deionised water were placed on the table as a triad on each
dish before each subject arrived. The volume of fluid in each
cup was 10 mL. Each cup was marked with a five-digit code,
so that testers, but not subjects, could determine whether it
contained salt solution or water. A researcher or a trained
research assistant sat at the opposite side of the table and
explained to each subject how to perform the taste test.
Beginning with the lowest concentration, the subjects were
required to taste all three test fluids in a random order to
distinguish the different solution from the deionised water
solutions. They were allowed to re-taste samples, if required,
to confirm their responses. Before each solution was tasted,
the subjects gargled with deionised water. The lowest con-
centration that was successfully detected in two consecutive
trials was recorded as the detection threshold.3

Recognition threshold was defined as the lowest concen-
tration of a solution at which the subjects could clearly
identify the type of taste. The subjects held the solution in
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their mouths for a few seconds to assess the salt concentra-
tion and were then asked, ‘Is there any taste? If yes, what
kind of taste?’ If the subject could not identify the salty
taste, the next highest concentration was presented. The
subject was given the same concentration to taste if they
could identify the salty taste. The recognition threshold was
determined as the concentration at which the subjects
could correctly identify the salty taste twice.2

The test food used to determine the preference for salty
taste was bean sprout soup, which is one of the most com-
monly consumed soups in all age groups in Korea. To pre-
pare bean sprout soup, 900 g of bean sprouts and
1500 mL of deionised water were combined and brought
to boil for 20 minutes. After the fluid volume was meas-
ured, refined salt was added to obtain final concentrations
of 0.15 and 1.0%. The soup was stored at 4�C for use
within 24 hours and was brought to room temperature
prior to tasting. We tested the salty taste preference soon
after the determination and recognition thresholds. Subjects
first tasted the soup with the less salty (0.15% salt) concen-
tration and then could add any amount of the saltier soup
until it suited their preference. After this, the salinity of the
soup was measured twice using a Digital Handheld Salt
Tester DMT-20 (Daeyoon Scale Industry Co., Seoul, Korea),
and the average value of the two measurements was consid-
ered to represent the subject’s preferred salt concentration
(salty taste preference). The subjects rinsed their mouths
with water after each time they tasted the soup.4 The mean
inter-assay coefficients of variation in 10 normal controls
were 4.7% for detection threshold, 3.7% for recognition
threshold and 6.1% for salty taste preference.

To assess salt usage behaviours, we used a modified ver-
sion of the salt usage behaviour questionnaire described by
Kim et al.19 and Lee et al.20 We chose four items that
showed positive correlations with the mean spot urine
sodium in our pilot study, two items on salt intake habits
and two items on high-salt food consumption. Subjects
scored the following statements on a 5-point Likert scale,
with higher scores indicating higher salt consumption:
(i) typical salt content of food eaten (very salty = 5, a little
salty = 4, moderately salty = 3, little salty = 2, not salty =
1), (ii) frequency of adding salt or soy sauce to cooked
dishes (always = 5, frequently = 4, usually = 3, seldom = 2,
never = 1), (iii) frequency of eating kimchi or salted vegeta-
bles (more than 3 times a day = 5, 1–2 times a day = 4,
3–6 times a week = 3, 2–8 times a month = 2, less than
once a month = 1) and (iv) frequency of eating soups or
stews (more than 3 times a day = 5, 1–2 times a day = 4,
3–6 times a week = 3, 2–8 times a month = 2, less than
once a month = 1).

The primary end-points of the present study were the
difference in salty taste thresholds between normal controls
and CKD patients according to disease stage (CKD stages
1–5) and the relationship between salty taste thresholds or
preferences and the mean spot urine sodium in CKD
patients.

The Kolmogorov–Smirnov test was used to test data nor-
mality. Data are presented as mean and SD or median and

range. The differences in numerical variables among normal
controls and each stage of CKD patients were evaluated
using the Student’s t-test or Mann–Whitney U test. The dif-
ferences in categorical variables (e.g. gender and smoking
status) among normal controls and CKD patients at each
disease stage were compared using the Chi-square test. Dif-
ferences in mean spot urine sodium and the interval
between the first and last spot urine sodium according to
CKD stage were evaluated using one-way analysis of vari-
ance (ANOVA). Correlations between mean spot urine
sodium and other numerical variables were assessed using
Spearman’s rank correlation test. The Student’s t-tests were
also used to compare mean spot urine sodium across cate-
gorical variables, such as gender, smoking and diabetic
nephropathy. Based on the factors that were found to be
significant by Spearman’s rank correlation and Student’s t-
test, multivariate linear regression analysis was performed
to evaluate the independent factors associated with mean
spot urine sodium in CKD patients. The residuals of the
regression were randomly scattered. There was no evidence
of collinearity in the regression model. All statistical ana-
lyses were performed using SPSS version 21.0 (SPSS, Inc.,
Chicago, IL, USA), and P-values <0.05 were considered sta-
tistically significant.

Results

Table 1 shows the clinical characteristics of normal controls
and CKD patients according to disease stage. Mean ages of
stages 1 and 2 CKD patients were lower than those of nor-
mal controls (P < 0.001 and P < 0.01, respectively). Sys-
tolic blood pressure was higher in stages 4 and 5 CKD
patients than in normal controls (both P < 0.01). Gender,
body mass index, diastolic blood pressure and smoking sta-
tus were not different among normal controls and CKD
patients in each disease stage.

Table 2 lists salty taste thresholds and preferences in nor-
mal controls and CKD patients according to disease stage.
Detection thresholds of stages 3 and 5 CKD patients and
recognition thresholds of stage 3 CKD patients were higher
than those of normal controls. Salty taste preferences of
stage 5 CKD patients, salt usage behaviour scores of stages
4 and 5 CKD patients, serum zinc levels of stages 3, 4 and
5 CKD patients and one-time spot urine sodium levels of
stages 3, 4 and 5 CKD patients were lower than those of
normal controls. Among the CKD patients, the mean spot
urine sodium and the interval between the first and last
spot urine sodium measurements were significantly differ-
ent according to disease stage (one-way ANOVA:
P < 0.001).

When we analysed the correlations between the mean
spot urine sodium and other numerical variables in CKD
patients, eGFR (rs = 0.312, P < 0.001), salt usage beha-
viour score (rs = 0.230, P < 0.001), salty taste preference
(rs = 0.198, P < 0.001) and zinc level (rs = 0.170,
P = 0.016) showed significant correlations. Age, urine albu-
min, detection and recognition thresholds and systolic and
diastolic blood pressures were not associated. When we
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analysed the differences in the mean spot urine sodium
according to the categorical variables in CKD patients, smo-
kers and male subjects showed higher values (P = 0.013
and P = 0.049, respectively). The mean spot urine sodium
concentrations did not significantly differ according to the
presence of diabetic nephropathy.

Table 3 shows the results of the multivariate regression
analysis, which was used to determine the factors that were
independently associated with the mean spot urine sodium.
Multivariate linear regression analysis showed that eGFR
and salty taste preference, but not salt usage behaviour,

gender, smoking or zinc, were independently associated
with the mean spot urine sodium.

Discussion

To the best of our knowledge, this was the first study to
analyse salty taste thresholds in non-dialysis CKD patients
according to disease stage. This was also the largest study
to analyse salty taste thresholds in CKD patients. Kusaba
et al.2 showed that both the detection and recognition
thresholds of 29 CKD patients were higher than those of

Table 1 Clinical characteristics of normal controls and chronic kidney disease (CKD) patients according to disease stage

Control CKD

(n = 74)
Stage 1
(n = 79)

Stage 2
(n = 66)

Stage 3
(n = 154)

Stage 4
(n = 75)

Stage 5
(n = 62)

Gender
(Male/Female)

35/39 39/40 34/32 87/67 35/40 26/36

Age (years) 57.5 � 11.5 44.3 � 14.9*** 51.1 � 12.9** 61.2 � 12.7 59.5 � 12.9 55.7 � 12.6
BMI (kg/m2) 24.2 � 2.9 23.6 � 3.8 24.5 � 3.4 24.7 � 3.2 23.5 � 3.4 23.5 � 3.1
SBP (mmHg) 118.4 � 15.2 118.8 � 17.5 122.6 � 17.5 120.9 � 14.9 126.4 � 18.3** 128.1 � 18.8**
DBP (mmHg) 74.7 � 10.5 76.4 � 12.1 76.8 � 10.0 74.5 � 10.9 75.9 � 12.6 76.3 � 13.4
Diabetic

nephropathy (%)
0 (0) 4 (5) 4 (6) 18 (12) 16 (21) 13 (21)

Smoking (%) 2 (3) 3 (4) 4 (6) 5 (3) 2 (3) 0 (0)
Serum Cr (μmol/L) 66.3 � 14.1 66.3 � 13.3 91.1 � 15.0 137.0 � 29.2 236.9 � 48.6 502.1 � 172.4
eGFR

(mL/min/1.73 m2)
95.2 � 13.1 106.3 � 13.3 74.2 � 9.1 44.4 � 8.8 22.3 � 4.1 9.6 � 2.9

Median spot
UAlb (mg/g, range)

9
(2–28)

236
(6–8189)

285
(3–5953)

188
(2–6862)

362
(3–9109)

624
(6–6986)

Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; UAlb, urine albumin.
*P < 0.05, **P < 0.01 and ***P < 0.001 versus controls.

Table 2 Parameters related to salt intake in normal controls and chronic kidney disease (CKD) patients according to disease
stage

Control CKD

(n = 74)
Stage 1
(n = 79)

Stage 2
(n = 66)

Stage 3
(n = 154)

Stage 4
(n = 75)

Stage 5
(n = 62)

Detection threshold 0.050 0.050 0.050 0.050* 0.050 0.050*
%, median, (range) (0.010–0.125) (0.010–0.125) (0.010–0.100) (0.010–0.300) (0.010–0.400) (0.010–0.200)
Recognition threshold 0.050 0.050 0.075 0.075* 0.050 0.075
%, median, (range) (0.010–0.500) (0.010–0.500) (0.010–0.750) (0.010–0.500) (0.010–0.500) (0.010–0.500)
Salty taste preference (%) 0.35 � 0.12 0.32 � 0.10 0.33 � 0.10 0.35 � 0.10 0.32 � 0.10 0.31 � 0.09*
Salt usage behaviour 13.9 � 2.3 14.2 � 2.5 14.1 � 2.1 13.4 � 2.6 12.6 � 2.5** 13.0 � 2.6*
Serum zinc (μmol/L) 11.7 � 1.9 11.6 � 2.4 12.4 � 2.9 10.9 � 2.1* 10.9 � 1.9* 10.8 � 1.8*
One-time spot urine

sodium (mmol/L)
46.3 � 25.5 45.1 � 22.9 44.9 � 16.5 39.2 � 14.4* 33.8 � 10.7*** 30.9 � 8.6***

Mean spot urine sodium
(mmol/L)(a)

ND 45.0 � 19.0 44.3 � 14.4 40.0 � 13.0 35.3 � 9.4 32.0 � 8.2

Interval between the first
and last spot urine
sodium (months)(a)

ND 9.0 � 6.6 9.6 � 3.5 7.8 � 3.7 6.6 � 3.0 4.6 � 2.1

*P < 0.05, **P < 0.01 and ***P < 0.001 versus controls.
(a) P < 0.001 by ANOVA.
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11 normal controls. Here, we showed increased detection
thresholds in stages 3 and 5 CKD patients and increased
recognition thresholds in stage 3 CKD patients compared
with the normal controls. These results coincide with those
of McMahon et al.,21 who found that CKD patients were
less able to recognise salty taste compared with normal con-
trols. In another study, the mean intensity of salty taste
scores in CKD patients tended to be lower than normal
(P = 0.07).22 The detection and recognition thresholds of
normal controls were significantly lower than those
reported in the study by Kusaba et al. (0.047 vs 0.64% and
0.11 vs 0.68%, respectively).2 This difference might be
explained by the differing test methods; Kusaba et al. used
sodium-impregnated test strips, whereas we used salty
water. The detection threshold measured in salty water in a
Korean study was 0.115%.4

This was also the first study to evaluate salty taste prefer-
ence in non-dialysis CKD patients. Contrary to our expecta-
tions, salty taste preferences were decreased in stage 5 CKD
patients, despite these subjects having a higher detection
threshold. This finding might be explained by the repeated
spot urine sodium tests in our clinic and the consequent
increased education regarding the benefits of a low-salt diet.
This speculation is supported by our finding that salt usage
behaviour scores of stages 4 and 5 CKD patients were lower
than those of normal controls.

In the present study, we showed that the detection and
recognition thresholds were unrelated to the mean spot
urine sodium, an indicator of oral sodium intake, in CKD
patients. Kusaba et al.2 previously reported that 24-hour
sodium excretion, an indicator of dietary sodium intake,
positively and significantly correlated with recognition
threshold in 29 CKD patients. Drewnowski et al.23 reported
that salty taste perceptions and preferences were unrelated
to sodium intake in young adults and older respondents.
They concluded that factors other than taste influence die-
tary sodium consumption.

The present study showed that eGFR and salty taste pref-
erence were independent predictors of mean spot urine
sodium in CKD patients. Regarding the relationship
between eGFR and urine sodium excretion, we previously
reported that 24-hour urine sodium and mean spot urine

sodium values were significantly lower in patients with
more advanced CKD (P = 0.006 and P < 0.0001 by
ANOVA, respectively).18

There are several potential limitations of the present
study. First, the two most widely used methods for evaluat-
ing sodium intake are 24-hour urine sodium collection and
dietary recall. The results of the one-time spot urine sodium
method may be biased by circadian variations in the blood
sodium concentrations in the general population24 and in
CKD patients.25 To compensate for this potential limitation,
we evaluated the mean of the three most recent spot urine
sodium concentrations to estimate the daily sodium intake
in CKD patients. Second, mean ages of stages 1 and 2 CKD
patients were lower than those of normal controls. Because
advanced age induces taste dysfunction,6 it is possible that
the younger age of stages 1 and 2 CKD patients might have
affected the detection or recognition thresholds determined
in the present study. Third, because we tested salty taste
preference with bean sprout soup soon after measuring the
detection and recognition thresholds, this may have affected
the results of the salty taste preference. Fourth, CKD
patients were motivated to avoid consuming salty food. The
finding that salty taste preference of stage 5 CKD patients
and salt usage behaviour scores of stages 4 and 5 CKD
patients were lower than those of normal controls may
reflect this motivation. However, the degree of motivation
was not evaluated in the present study, which reduces the
validity of data regarding salt usage behaviour in CKD
patients.

In conclusion, salty taste detection and recognition
thresholds are higher and salty taste preference and salt
usage behaviour scores are lower in CKD patients compared
to normal, healthy individuals. eGFR and salty taste prefer-
ence are independent predictors of the mean spot urine
sodium concentrations in CKD patients. Education to
change salty taste preference and regular follow up are nec-
essary to decrease salt intake in CKD patients.
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Table 3 Multivariate linear regression analysis of factors
associated with mean spot urine sodium

B � SE β t P

eGFR 0.28 � 0.07 0.31 4.26 <0.001
Salty taste

preference
50.27 � 21.77 0.17 2.31 0.022

Salt usage
behaviour

1.14 � 0.91 0.09 1.25 0.213

Gender 4.99 � 4.24 0.08 1.18 0.241
Smoking −14.33 � 14.47 −0.07 −0.99 0.324
Zinc 0.128 � 0.15 0.06 0.84 0.405

B � SE, regression coefficient and its SE; β, standardised regres-
sion coefficient; eGFR, estimated glomerular filtration rate.
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Is two days of intermittent energy restriction
per week a feasible weight loss approach in obese
males? A randomised pilot study
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Abstract
Aim: The 5:2 diet (two non-consecutive days of 2460 KJ (600 calories) and 5 days of ad libitum eating per week) is
becoming increasingly popular. This pilot study aimed to determine whether the 5:2 diet can achieve ≥5% weight
loss and greater improvements in weight and biochemical markers than a standard energy-restricted diet (SERD) in
obese male war veterans.
Methods: A total of 24 participants were randomised to consume either the 5:2 diet or a SERD (2050 KJ (500 calorie)
reduction per day) for 6 months. Weight, waist circumference (WC), fasting blood glucose, blood lipids, blood pres-
sure and dietary intake were measured at baseline, 3 and 6 months by a blinded investigator.
Results: After 6 months, participants in both groups significantly reduced body weight (P = <0.001), WC
(P = <0.001) and systolic blood pressure (P = 0.001). Mean weight loss was 5.3 � 3.0 kg (5.5 � 3.2%) for the 5:2
group and 5.5 � 4.3 kg (5.4 � 4.2%) for the SERD group. Mean WC reduction for the 5:2 group was 8.0 � 4.5 and
6.4 � 5.8 cm for the SERD group. There was no significant difference in the amount of weight loss or WC reduction
between diet groups. There was no significant change in diastolic blood pressure, fasting blood glucose or blood
lipids in either dietary group.
Conclusions: Results suggest that the 5:2 diet is a successful but not superior weight loss approach in male war
veterans when compared to a SERD. Future research is needed to determine the long-term effectiveness of the 5:2
diet and its effectiveness in other population groups.

Key words: 5:2 diet, intermittent energy restriction, obesity, war veterans, weight loss.

Introduction

Obesity is one of the major health crises of our time.
Despite a wealth of research in the area and numerous
weight loss approaches, obesity rates continue to increase
around the world. In 2011, 80% of Australian males aged
45–74 years were overweight or obese.1 It is widely known
that overweight and obese individuals are at an increased
risk of a number of chronic health conditions, including
diabetes, hypertension, cancer, sleep apnoea and coronary
artery disease.2,3 Management of obesity-related comorbid-
ities represents an increasing health burden to both the
individual and the health system.2

Modest weight loss of 5–10% of body weight can
improve quality of life and reduce mortality and morbidity.2

Energy-restricted diets have been shown to help people
achieve this degree of weight loss, but long-term success is
often limited. Many fail to lose weight or simply regain any
lost weight quickly.2 Bariatric surgery and weight loss medi-
cations have been shown to induce significant weight loss
and help offset weight regain but both have side effects and
require lifelong follow up.2 In light of the above, novel,
cost-effective and low-risk dietary approaches to achieve
and sustain weight loss goals are required. One possible
approach that has appeared increasingly in the scientific lit-
erature over the last 10–20 years (and the media more
recently) is intermittent energy restriction (IER).4–11

IER is a dietary strategy where individuals follow a heav-
ily energy restricted intake on some days and a normal
energy intake on others. Studies have shown that this form
of energy restriction can lead to modest weight loss of
5.8–14.5 kg over a 3-month period.8 Furthermore, IER has
been shown to induce a number of other metabolic health
benefits, including a reduction in fasting blood sugar levels,
blood pressure and blood lipids.8 It is also suggested that
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the distinct advantage of IER over other dietary approaches
to weight loss is that individuals do not have to constantly
‘diet’.7

Although the majority of studies into IER have been con-
ducted on animals, a number of single-arm trials investigat-
ing alternate-day fasting (ADF) have shown that IER
induces weight loss4,5,9 and improves lipid profile.5,9 Addi-
tionally, a 2-day per week IER has been shown to be as
effective at inducing weight loss and clinically significant
biochemical changes as a continuous energy restriction10

and, in fact, may be more effective at reducing body fat and
insulin resistance when a carbohydrate restriction is
included.11 The present study is the first to report on the
5:2 method of IER (where individuals consume only
600 kcal on 2 non-consecutive days per week but eat nor-
mally on the other 5 days) as popularised by Dr. Michael
Moseley.7 It appears this approach has some merit, but it is
unclear whether the diet is safe and effective for an older
male population.

Evidence for the safety and efficacy of weight loss in
older people is lacking despite the increasing burden of
obesity and chronic disease in this group.3 Current evi-
dence indicates that the relationship between excess weight
and all-cause mortality weakens with advancing age. How-
ever, quality of life and mobility become increasingly
important outcomes.2 Australian veterans are a subgroup of
older adults who are in great need of health-restoring strate-
gies that support quality of life and psychological well-
being. They are three times less likely than the general
Australian population to rate their own health as good or
excellent,12 and obesity rates are similar to that of the gen-
eral population.13

This randomised pilot study aims to determine whether
the 5:2 diet leads to 5% weight loss over a 6-month period
and whether it leads to greater weight loss and greater
improvements in blood sugar, cholesterol and blood pres-
sure than a standard energy-reduced diet (SERD). The
study also aims to investigate whether there are differences
in quality of life, adherence rates, side effects and dietary
quality between the two diets.

Methods

A total of 24 male war veterans were recruited and con-
sented to participate in this pilot trial. Volunteers were
recruited via flyers placed in Austin Health Veteran gyms
and Veteran day group programs. Veterans meeting the
inclusion criteria were included in the study: males aged
55–75 years, a body mass index (BMI) greater than or equal
to 30 kg/m2 and weight stable (i.e. <5% weight loss or gain)
for 3 months prior to the beginning of the study. Any partic-
ipant with a medical contraindication (active cancer, diabetic
on insulin, end-stage renal failure, psychiatric hospital
admission within previous 12 months), a high alcohol
intake (>28 standard drinks per week) or those taking anti-
psychotic medication associated with weight gain (mirtaza-
pine, olanzapine and clozapine) were excluded from the
study. The present study was approved by the Austin Health

Human Research Ethics Committee. The trial was prospec-
tively registered with the Australian New Zealand Clinical
Trials Registry Trial ID No.: ACTRN12614000396628. No
financial compensation was provided to participants for
their participation.

The study was a single-centre, parallel group randomised
controlled trial. Participants were randomised to one of two
groups—SERD or an IER 5:2 diet group (5:2 DIET)—by a
blinded investigator who drew one of two dietary groups
from a concealed envelope.

Dietary Intervention: SERD: Participants were required
to follow a continuous daily energy-restricted diet (500-
calorie daily reduction from average requirement) based on
Australian guide to Healthy Eating (AGHE) dietary princi-
ples (low saturated fat, high fibre, moderate protein and
carbohydrate).

IER 5:2 Diet (5:2 DIET): Participants were required to ‘fast’
for two non-consecutive days per week (restrict their daily
calorie intake to 600 calories for the entire ‘fast day’) and eat
ad libitum on the remaining 5 days (i.e. no specific dietary
recommendations were made). Participants were encouraged
to consume calorie-free beverages on fasting days.

Educational material and sample meal plans were pro-
vided to participants in each group, and all participants
received five individual counselling sessions specific to their
dietary intervention. These were conducted by Austin
Health Accredited Practising Dietitians at baseline; weeks
2, 4 and 8; and at 3 months. At the conclusion of the 3-
month review, participants were asked to continue with
their dietary regimen for a further 3 months. During this
time, no formal review or further dietetic support was pro-
vided. Contact details for the dietitian were provided to
participants in both groups, and they were encouraged to
initiate contact via telephone if they needed assistance. To
monitor and maximise dietary compliance, participants
were asked to keep diet diaries. Adherence to each dietary
intervention was assessed by the dietitian by using patients’
self-recorded dietary diaries and self-reported diet histories
taken during their dietetic appointments at 2, 4 and 8
weeks and at 3 and 6 months. Participants were advised to
maintain their current physical activity levels throughout
the study and did not receive specific exercise counselling.

Measurements were taken at baseline and at 3 and
6 months. A blinded investor took all measurements in the
morning after a 12-hour fast. Height was measured to the
nearest 0.5 cm using a wall-mounted stadiometer. Weight
was measured to the nearest 0.1 kg using digital scales
(Wedderburn Tanita BWB-600), and waist circumference
was measured to the nearest 0.5 cm using a standardised
measuring tape. Systolic and diastolic blood pressure was
measured twice with a 10-minute rest between measures,
and the mean value was calculated (Omron m5-1 Omron
Health Care Limited). Fasting blood glucose (CV 1.0% at
4.6 mM and 0.9% at 15.5 mM), total cholesterol (CV 1.9%
at 2.8 mM and 1.6% at 6.5 mM), high-density lipoprotein
(HDL) (CV 2.2% at 0.55 mM and 3.7% at 1.0 mM) and
low-density lipoprotein (LDL) CV calculated using the for-
mula of Friedewald equation were measured at Austin Health

M. Conley et al.

66 © 2017 Dietitians Association of Australia



Pathology by a trained Austin Health phlebotomist using
standardised Austin Health pathology procedures.

Dietary analysis examining mean energy, protein, fat,
carbohydrates and micronutrients was conducted using a
validated electronic food frequency questionnaire (The Die-
tary Questionnaire for Epidemiological Studies Version 2 -
(DQES v2) Cancer Council Victoria). Quality of life was
measured using a quality of life scale, AQoL-8D.14 Any side
effects (i.e. lightheadedness and dizziness) were recorded in
individual participant visit notes.

A convenience sample was selected. Differences in general
characteristics at baseline between groups were analysed
using two-sample Wilcoxon rank-sum (Mann–Whitney)
tests. Wilcoxon signed-rank tests, two-sample Wilcoxon
rank-sum (Mann–Whitney) tests and linear regression with
robust standard error adjustments were used to determine
any significant changes and differences between groups from
baseline to 6 months for measures of weight, WC, BMI,
blood glucose, blood lipids, blood pressure, dietary intake
and quality of life. Significance was accepted at an alpha
level of P < 0.05 for all statistical measures, and all analyses
were performed using STATA data analysis and statistical
software version 14 (StataCorp LP).

Results

A Consolidated Standards of Reporting Trials
(CONSORT) flow chart of the participant randomisation
is outlined in Figure 1. Eligible war veterans were
recruited from May 2014 to April 2015. A total of
24 participants commenced the study, and

23 participants completed the entire 6-month trial. One
participant withdrew due to a long hospital admission.
There was no deviation from the outlined protocol. Par-
ticipants commenced the study within 2 weeks of con-
senting to participate.

Patient demographics and clinical characteristics are dis-
played in Table 1. There were no significant differences in
baseline characteristics among the groups. Both diets had a
positive effect on weight, waist circumference, BMI and sys-
tolic blood pressure. After 6 months, mean weight loss for
participants on the 5:2 diet was 5.3 � 3.0 kg (5.5 � 3.2%),
and for participants following the SERD, it was 5.5 � 4.3 kg
(5.4 � 4.2%). Waist circumference reduced over time in
both dietary groups P = >0.001. The SERD group, on aver-
age, lost 6.4 � 10 cm from their waistline, and the 5:2 diet
group lost, on average, 8 � 10 cm from their waistline after
6 months. There were no significant between-group differ-
ences in any of these anthropometric measures.

Both groups experienced significant reduction in systolic
blood pressure—10.2 and 14 mmHg reduction in the
SERD and 5:2 diet, respectively, P = >0.001—but no
change in diastolic blood pressure. Again, there were no
significant between-group differences in blood pressure
reduction.

Fasting blood glucose and blood lipids did not signifi-
cantly alter over the course of the study in either group. All
these markers were within normal limits at baseline and
continued to be within normal limits for the duration of the
study.

Quality of life AQoL8D scores are displayed in Figure 2.
After 6 months, participants in both groups improved their

Randomised                      
n = 24

1 participant withdrew due to a long 
hospital admission

3 month appointment       
n = 12

3 month appointment       
n = 12

6 month appointment       
n = 12

6 month appointment       
n = 11

44 men were screened

Assigned  to  SERD              
n = 12

20 were excluded 
-12 did not meet the inclusion criteria     

-8 declined to participate

Assigned to 5:2 Diet            
n = 12 

Attended pre-trial appointment
n = 24

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram for participant allocation into study arms.
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‘psycho-social’ dimension score, P = 0.001; ‘physical’
dimension score, P = 0.03; and overall AQol8D score,
P = 0.003, suggesting that neither diet had a detrimental
effect on the quality of life. When compared to Australian
males of similar age, this population group, on average,
scored lower in all domains across all time points.15

There were no major adverse side effects experienced in
either dietary group. Participants in both groups experi-
enced only minor physical symptoms (see Table 2). The
main mild side effect experienced by the 5:2 diet group was
hunger. Over half of participants on the 5:2 diet experi-
enced hunger after following the diet for 2 weeks. This
improved over time, with only 18.2% of participants on the
5:2 diet experiencing hunger at 6 months.

Compliance rates were similar in both dietary groups
across the duration of the study. Diet histories conducted
by the dietitian indicated that 83% of participants on the
SERD and 82% of participants on the 5:2 diet were deemed
to be following their respective diets at 3 months. This
adherence declined slightly over the course of the study in
both groups, but remained strong with 75% of participants
on the SERD and 73% of participants on the SERD follow-
ing their prescribed diets at 6 months.

The proportion of participants who regained weight
(defined as gaining >1 kg of body weight) between 3 and
6 months was similar, with two participants in both groups
regaining weight: 16.7% of participants in the 5:2 diet
group and 18.7% of participants in the SERD group.

Table 1 Baseline characteristics and changes in weight, waist circumference and biochemical markers over 6 months

Parameter Baseline 3 months 6 months P value(a) P value(b) P value(c)

Age (years)
SERD (n = 12) 67.1 � 3.9 0.78
5:2 (n = 11) 68 � 2.7
Height (cm)
SERD (n = 12) 171.6 � 6.8 0.69
5:2 (n = 11) 172.3 � 5.9
Weight (kg)
SERD (n = 12) 107.3 � 17.1 102.6 � 17.6 101.8 � 19.0 0.27 >0.001 0.79
5:2 (n = 11) 99.1 � 7.9 94.6 � 8.3 93.8 � 8.6
Body mass index (kg/m2)
SERD (n = 12) 36.2 � 4.3 34.7 � 4.8 34.4 � 5.3 0.12 >0.001 0.85
5:2 (n = 11) 33.4 � 1.8 31.8 � 1.9 31.5 � 2.2
Waist circumference (cm)
SERD (n = 12) 122.5 � 10.4 117.5 � 11.6 116.1 � 11.6 0.1 >0.001 0.54
5:2 (n = 11) 114.2 � 5.2 108.3 � 6.3 106.2 � 7.0
Systolic blood pressure (mmol/Mg)
SERD (n = 12) 149.8 � 18.3 140.8 � 23.0 139.6 � 19.1 0.25 0.001 0.76
5:2 (n = 11) 141.5 � 13.9 135.2 � 15.7 127.5 � 12.8
Diastolic blood pressure (mmol/Mg)
SERD (n = 12) 88.1 � 14.4 85 � 10.3 84.4 � 11.3 0.48 0.2 0.83
5:2 (n = 11) 84.0 � 9.5 79.6 � 6.2 83.8 � 20.2
Fasting blood glucose (mmol/L)
SERD (n = 12) 6.1 � 1.7 5.9 � 1.1 5.9 � 1.5 0.85 0.15 0.81
5:2 (n = 11) 6.0 � 1.5 6.0 � 1.6 5.9 � 1.7
Total cholesterol (mmol/L)
SERD (n = 12) 4.3 � 1.0 4.4 � 1.2 4.5 � 1.4 0.18 0.52 0.69
5:2 (n = 11) 3.9 � 0.9 3.6 � 0.7 3.9 � 1.1
LDL cholesterol (mmol/L)
SERD (n = 12) 2.55 � 0.9 2.4 � 1.1 2.1 � 0.6 0.42 0.6 0.86
5:2 (n = 11) 1.99 � 0.8 1.6 � 0.7 1.9 � 0.8
HDL cholesterol (mmol/L)
SERD (n = 12) 1.2 � 0.3 1.2 � 0.3 1.2 � 0.2 0.49 0.68 0.93
5:2 (n = 11) 1.16 � 0.3 1.2 � 0.3 1.2 � 0.3
Triglyceride (mmol/L)
SERD (n = 12) 2.4 � 1.7 1.8 � 0.9 2.2 � 1.3 0.69 0.22 0.78
5:2 (n = 11) 1.9 � 0.6 1.5 � 0.5 1.6 � 0.6

HDL, high-density lipoprotein; LDL, low-density lipoprotein; SERD, standard energy-restricted diet.
(a) Difference between groups at baseline.
(b) Change over time (baseline to 6 months) in the SERD and 5:2 diet groups.
(c) Change between-groups over time (baseline to 6 months).
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There were no significant differences in energy or macro-
nutrient intakes between the groups at baseline (see
Table 3). Diet composition was also similar at baseline in
both groups. Food frequency data indicated that, on aver-
age, at baseline, 22 and 21% of dietary energy was obtained
from protein, 36 and 38% from fat, 35 and 36% from
CHO and 7 and 5% from alcohol in the SERD and 5:2 diet
groups, respectively.

Changes in dietary intake throughout the duration of the
study are outlined in Table 3. Data from the food frequency
questionnaires showed that all participants in both groups
reduced their calorie intake after 3 months, and that this
was generally maintained after 6 months.

Discussion

This pilot study aimed to determine whether the 5:2 diet
can achieve ≥5% weight loss and greater improvements in
weight and biochemical markers than a SERD. Results indi-
cate that the 5:2 diet is as effective as, but not superior to, a
SERD at inducing clinically significant weight loss (5%)2 in
a free-living population. The two diets were well tolerated,
and weight loss was accompanied by a reduction in waist

circumference and blood pressure in both groups. On aver-
age, participants in both groups went from being hyperten-
sive to normotensive. No change was seen in blood sugar
or blood lipid levels in either group but they were also not
elevated at baseline. The 5:2 diet did not negatively impact
well-being and provided sufficient nutrients with the excep-
tion of fibre. The study had an excellent retention rate in
both groups, indicating that the 5:2 diet is not any more
difficult or taxing to follow than a SERD in a free-living
situation.

Food frequency data show that there was no significant
difference in total energy intake between the two diets at
baseline or 6 months, which helps to explain why the rate
and amount of weight lost in the two groups was the same.
Essentially, the degree of energy restriction was the same;
only the strategy to achieve that restriction differed. Previ-
ous research has already shown that participants following
an IER diet do not overeat on the day following a ‘fast day’
to compensate for the large energy restriction.16 Both
groups lost the majority of weight in the first 3 months and
only a small amount of additional weight in the 3–6-month
period. This weight loss pattern is consistent with FFQ
data, which showed a significant reduction in energy intake

Table 2 Symptoms experienced by participants

Nausea, n (%) Headache, n (%) Dizziness/lightheadedness, n (%) Hunger, n (%) Constipation, n (%)

2 weeks
SERD 0 0 0 0 3 (25)
5:2 0 1 (9.1) 1 (9.1) 6 (54.5) 3 (27.3)

3 months
SERD 0 0 0 2 (16.7) 0
5:2 0 1 (9.1) 1 (9.1) 4 (36.4) 2 (18.2)

6 months
SERD 0 0 0 0 0
5:2 0 2 (18.2) 0 2 (18.2) 0

SERD, standard energy-restricted diet.
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Figure 2 Quality of life scores of participants over time.
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between baseline and 3 months with little further change
thereafter.

The nutritional quality of the 5:2 diet is an important
determinant of its usefulness as a long-term dietary strategy,
particularly in an older adult population who are at risk of
increasing frailty.2 The SERD is based on the Australian
Dietary Guidelines and met all Australian Nutrient Refer-
ence Values17 when analysed using Foodworks (Xyris Soft-
ware Australia). It was not possible to perform the same
analysis on the 5:2 diet as only a calorie limit was pre-
scribed. However, FFQ data show that when total energy
intake significantly reduced between baseline and 3 months,
energy intake from all major macronutrient groups also fell
evenly, indicating that following the 5:2 diet does not
encourage or require individuals to completely restrict or
avoid a particular food group. A significant reduction in fat,
sugar and salt also suggests that participants were consum-
ing fewer unhealthy food choices than at baseline. Both
groups failed to meet recommended average intakes for
fibre (30 g/day for men aged 50–70 years),17 and this may
have contributed to some complaints of constipation.
According to the National Nutrition Survey 1998, the major
source of fibre in the standard Australian diet is grain and
cereal foods. This is a problem for weight management as

the national average intake of these foods is well above the
current recommended level.18 The average calcium intake
for participants following the 5:2 diet was only borderline
adequate for EAR (840 mg/day) at 6 months. The 5:2 diet
group met RDI (1000 mg/day) at baseline, and the SERD
group met both EAR and RDI at all time points.17 Partici-
pants on the SERD received specific advice on how many
servings of each food group are required, whereas those fol-
lowing the 5:2 diet did not. Anecdotally, participants fol-
lowing the 5:2 diet reported that the 2 days of ‘fasting’
facilitated having two alcohol-free days per week; however,
this was not supported by FFQ data. The data showed that
alcohol consumption did not reduce significantly over time.
It is not clear if the number of participants that reported
this is insufficient to induce a change in the data or if parti-
cipants consumed additional alcohol on the other days to
make up for the 2-day abstinence.

There has been limited research into IER in humans, and
the majority available concerns ADF. Two studies have inves-
tigated a 2-day IER in comparison with a continuous energy
restriction in free-living individuals. Harvie et al. (2011) ran-
domised 107 overweight or obese pre-menopausal women
to either an IER diet (2 consecutive days VLCD (2710 kJ),
5 days ad libitum) or continuous energy restriction

Table 3 Nutrient intakes at baseline, 3 and 6 months

Nutrient Baseline 3 months 6 months P value(a) P value(b) P value(c)

Energy (kJ/day)
SERD 10349.8 � 4652.2 7371.7 � 2106.3 7993.34 � 2863.9 0.432 0.001 0.9
5:2 9041.3 � 2897.6 5874.3 � 1946.2 6261.5 � 2066.5
Protein (g/day)
SERD 138.0 � 52 100.2 � 34 109.8 � 51.2 0.199 0.001 1.00
5:2 111.7 � 42.2 78.8 � 24 76.3 � 20.6
Fat (g/day)
SERD 107.5 � 43.3 70.8 � 24.4 80 � 40 0.337 0.001 0.66
5:2 90.6 � 38.2 53.1 � 18.5 54 � 22.2
CHO (g/day)
SERD 239.6 � 64.8 164.7 � 32.5 170 � 44.1 0.091 >0.001 0.46
5:2 198.5 � 43.4 124.7 � 28.1 151 � 44.9
Sugars (g/day)
SERD 101 � 8.7 77.8 � 25.8 73.8 � 7.7 0.325 >0.001 0.54
5:2 89.5 � 7.15 52.7 � 12.2 69.7 � 5.8
Fibre (g/day)
SERD 30 � 12.2 20.5 � 5 22.0 � 5.1 0.28 0.002 0.39
5:2 25.1 � 6.1 17.7 � 3.8 22.0 � 7.1
Calcium (g/day)
SERD 1050 � 410 908.6 � 414.1 989.1 � 84.4 0.934 0.006 0.24
5:2 1066.3 � 552.3 720.5 � 189.4 803 � 236.5
Alcohol (g/day)
SERD 26.5 � 36.3 9.78 � 14.1 10.3 � 13.7 0.404 0.12 0.21
5:2 16.4 � 15.6 16.4 � 19.3 14.11 � 15.1
Sodium (mg/day)
SERD 3585.6 � 1615.2 2414.6 � 839.6 2432.8 � 875.3 0.254 > 0.001 0.46
5:2 2891.0 � 1165.6 1859.8 � 608.1 1941.6 � 762.4

SERD, standard energy-restricted diet.
(a) Difference between groups at baseline.
(b) Change in nutrient over time (baseline to 6 months) in the SERD and 5:2 diet groups.
(c) Change in nutrient between-groups over time (baseline to 6 months).
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(6276 kJ/day) for 6 months. They observed similar results to
this present study, finding the 2 diets to be comparable in
terms of weight reduction, waist circumference, body fat loss
and numerous health biomarkers, except fasting insulin and
HOMA-IR, where IER produced greater reductions. They
also found that side effects were minimal (e.g. hunger and
constipation) but more likely to occur in the IER group.

A second study of Harvie et al. (2013) compared 2
carbohydrate-controlled IER diets (either 2500–2717 kJ/
day, <40 g carbohydrate for 2 days per week or the same
plus ad libitum protein and fat) with a daily energy restric-
tion (6000 kJ/day 7 days per week) among 115 overweight
women (aged 20–69 years). They found weight loss to be
similar in all three groups but noted significantly greater
improvements in insulin sensitivity and percentage body fat
loss in the IER groups.

To the best of our knowledge, this is the first study to
explore the effects of the 5:2 diet in the older male popula-
tion and contributes to the relatively small body of research
into the effects of weight loss in older adults. Consumption
of adequate nutrients is particularly important in this popu-
lation; thus, strategies to ensure adequate fibre and calcium
need to be considered in order for this to be a feasible diet
option for the older person. This could include tailored die-
tary advice and/or supplements.

A limitation of the present study was the relatively small,
single-gendered sample size. As a result, we cannot con-
clude if women perform any differently to men. The short
duration means we cannot conclude if weight loss would
have continued or been maintained in the longer term. Due
to budget constraints, we were unable to test body compo-
sition changes (DEXA scan is the only validated method in
this population), which is an important consideration in an
older adult population. The budget also limited the range
of biochemical tests we could include, which is why fasting
insulin was not measured. We did not stipulate to the parti-
cipants on the 5:2 diet when they should have their blood
tests taken in relation to their ‘fasting day’; thus, we cannot
rule out the fact that this may have affected the accuracy of
the result in some participants. However, we did not find
any significant differences between the groups in any of the
biochemical tests, which is consistent with other studies
into a 2-day IER.10,11 As with any diet study, it is difficult
to accurately determine compliance with the prescribed
diet, particularly in free-living individuals.

Future studies are needed to determine the long-term
effectiveness of the 5:2 diet, its efficacy in other population
groups and if ongoing frequent follow up improves weight
loss over the longer term (>6 months). Body composition
data are needed to determine the degree of fat loss com-
pared with lean tissue loss, especially in an older popula-
tion. It would also be interesting to see if the 5:2 method
could be used as a framework to aid implementation of
other dietary strategies, such as the Mediterranean Diet.

In conclusion, this research shows that the 5:2 diet is a
feasible weight loss strategy in this older male population,
and the study suggests that it is both well tolerated and effi-
cacious. Participants were able to follow the diet sufficiently

to induce magnitudes of weight loss similar to that of stand-
ard dietary modification practices, and the diet does not
appear to cause an unbalanced nutritional intake.
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Efficacy of a telephone-based medical nutrition
program on blood lipid and lipoprotein metabolism:
Results of Our Healthy Heart
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Abstract
Aim: Derangements in blood lipid and lipoprotein metabolism are one of the leading causes of coronary heart dis-
ease (CHD). Therapeutic lifestyle changes such as diet and exercise are often prescribed to improve blood lipid and
lipoprotein characteristics, but the efficacy of a telephone-based health coaching program has not been thoroughly
explored. Our purpose was to examine effects of the Our Healthy Heart (OHH) Program on blood lipid and lipoprotein
characteristics of individuals with mixed dyslipidaemia.
Methods: Cholesterol content of serum very low-density lipoprotein (VLDL), low-density lipoprotein (LDL) and high-
density (HDL) subfractions and apolipoprotein concentrations were measured by vertical-density ultracentrifugation
(Vertical Auto Profile (VAP)) from 1522 individuals with mixed dyslipidaemia (age 18–99 years, body mass index
(BMI) 25–40, 62.7% female). Telephone-based health coaching (OHH, n = 722) or standard care (Control, n = 800)
was provided for six months followed by VAP to evaluate changes in lipid and lipoprotein concentrations. Controls
were obtained from individuals with similar blood lipid/lipoprotein characteristics who did not participate in the
OHH Program. Coaches collected baseline self-reported data on anthropometrics, food intake and exercise. Partici-
pants in the OHH group were then prescribed a hypocaloric 500 kcal/day caloric deficit with encouragement to par-
ticipate in physical activity. A two-way ANOVA was used to examine differences between groups over time, with
results presented as means � standard deviation.
Results: Health coaching significantly decreased serum concentrations of apoB100 (104.5 � 25.8–94.3 � 24.8 mg/
dL), shifted LDL pattern size from B to A or A/B in over 60% of the OHH group and decreased cholesterol content of
all VLDL subfractions (P < 0.05) compared to the control.
Conclusions: Telephone-based health coaching recommendations to reduce dietary energy intake and increase
physical activity produced significant improvements in cholesterol content of atherogenic lipoproteins, which are
known to increase CHD risk.

Key words: blood lipids and lipoprotein, calorie restriction, low carbohydrate diet, telephone health coaching,
therapeutic lifestyle change.

Introduction

Derangements in blood lipid and lipoprotein metabolism are
primary mediators of atherogenesis and coronary heart disease
(CHD) morbidity and mortality. Clinical trials of primary and
secondary CHD prevention provide convincing evidence that
low-density lipoprotein cholesterol (LDL-C) reduction
decreases the relative risk of cardiac events.1 Despite the suc-
cess of LDL-C reduction strategies, many individuals who
achieve LDL-C targets experience heart attacks or arterio-
graphic progression,1,2 emphasising the strong relationship
between CHD and other components of blood lipid metabo-
lism. Indeed, elevated remnant lipoproteins contribute directly
to plaque formation and progression, increase inflammatory
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activity and disrupt the ability of high-density lipoproteins
(HDL) to suppress vascular inflammatory responses.3 Indivi-
duals with elevated triglyceride-rich lipoproteins (TRLs:
intermediate-density lipoprotein (IDL) and very low-density
lipoprotein (VLDL)) are three times more likely to exhibit a
small, dense LDL pattern B phenotype. Small, dense LDL par-
ticles possess long residence times in plasma, greater permea-
bility through the vascular endothelium and are more
susceptible to oxidation than larger LDL particles.4,5

Cross-sectional comparisons show that obesity is associ-
ated with smaller LDL and HDL particle sizes.6 Dietary energy
restriction yielding weight loss produces important effects on
serum LDL-C and triglyceride (TG) concentrations and
improves lipoprotein particle characteristics.7–9 Indeed, short-
term calorie restriction (CR, 25%) producing 5% weight loss
decreased LDL-C concentrations and increased LDL particle
size, with little effect on HDL particle size.7,8 Aerobic exercise
training leads to reductions in TG concentrations ranging
from 4 to 37% and increases in HDL-C of 5–20%.10 The
increase in HDL-C is generally accompanied by increases in
HDL particle size and number, with reductions in LDL-C and
particle size generally occurring only in the presence of weight
loss.7,10,11

While it is clear that improvements in lipid and lipopro-
tein metabolism provide benefits for primary and secondary
CHD risk reduction, gaps exist between evidence-based
medicine and clinical practice.12 Causes of the treatment
gap have been attributed, in large part, to a focus on acute
care in the hospital setting, poor titration of therapeutic
modalities to achieve risk factor targets and patient non-
compliance/discontinuation of prescribed therapies.13–15

With increasing rates of obesity and metabolic disease in
many parts of the world, strategies to reduce the treatment
gap would be expected to reduce the personal and eco-
nomic burden of CHD. Attempts to reduce the treatment
gap using face-to-face health coaching have been shown to
promote improvements in multiple CHD risk factors,
including blood lipids and lipoproteins.16–18 Telephone-
based approaches to health coaching offer similar benefits
as those conducted face to face, but do so with the added
benefit of providing access to health care from remote set-
tings. Numerous studies show that telephone-based health
coaching is an effective strategy to produce positive changes
in dietary behaviour19 and to reduce total cholesterol and
LDL-C in patients with CHD.15,20,21 We are unaware of any
investigations that have performed a comprehensive assess-
ment of blood lipid and lipoprotein characteristics while
providing a telephone-based approach to deliver lifestyle
recommendations to patients without CHD.

Therefore, the purpose of the current investigation was
to determine the efficacy of a personalised telephone-based
health coaching program to improve blood lipid and lipo-
protein characteristics measured by Vertical Auto Profile
(VAP). We hypothesised that health coaching recommen-
dations to reduce caloric intake and increase physical
activity would lead to superior improvements in blood
lipid characteristics compared to those receiving stand-
ard care.

Methods

Our Healthy Heart (OHH) was a program at Atherotech Diag-
nostics Laboratory in Birmingham, AL that provided
telephone-based health coaching for ‘at risk’ individuals from
2010 to 2013. The program was specifically designed to
(i) evaluate blood lipid and lipoprotein characteristics from
individuals with blood samples submitted to Atherotech and
(ii) provide dietary and physical activity recommendations to
participants based on specific blood lipid and lipoprotein
derangements. As expected, a wide range of abnormalities
were observed, with diets tailored to address the specific
lipid/lipoprotein abnormality; for example, the National Edu-
cation Program ATPIII was used in patients with hypercholes-
terolaemia or elevated levels of lipoprotein(a), while a lower
carbohydrate diet (45% kcal) was used for those with elevated
TGs. Because the number of participants with primary dysli-
pidaemias was limited, the current report presents retrospec-
tive results from a cohort of overweight/obese (BMI
25–40 kg/m2, age 18–99 years) individuals with mixed dysli-
pidaemia. Mixed dyslipidaemia was defined as a combination
of two or more criteria: hypercholesterolaemia (LDL-
C > 130 mg/dL; HDL-C < 40 mg/dL), hypertriglyceridaemia
(VLDL-C > 30 mg/dL; TG > 150 mg/dL, LDL pattern B) or
heritable lipoproteinaemia (Lp(a) > 10 mg/dL). Blood sam-
ples were obtained following an overnight fast, and blood
lipid and lipoprotein concentrations were measured using
vertical density-gradient ultracentrifugation (VAP). Registered
dietitians provided an initial health coaching session over the
phone to review VAP results and to provide reference ranges.
All lifestyle recommendations were based on medical nutri-
tion therapy for weight management as set forth by the Acad-
emy of Nutrition and Dietetics. Participants were given
weight loss goals based on 24-hour food recalls, including
portion control, physical activity and a hypocaloric diet with
a deficit of 500 kcals/day, encouraging healthy weight loss of
0.5–1.0 kg/week.

Telephone-based health coaching sessions were provided
by registered dietitians at least thrice, or as needed, over the
course of six months. Fasting blood samples were obtained
again after six months to examine changes in blood lipid
and lipoprotein concentrations. Blood samples from partici-
pants with similar blood lipid/lipoprotein derangements
who received standard care, but not OHH coaching, were
chosen to serve as controls. Participants chosen for the con-
trol group received medical and lifestyle recommendations
from their personal physician but were not provided the
telephone-based health coaching provided to OHH partici-
pants. Demographics such as socioeconomic status, educa-
tion and race/ethnicity were not available from the OHH or
Control groups. The University of Alabama at Birmingham
(UAB) Institutional Review Board approved the study as
exempt because (i) the original purpose of the work was for
clinical efficacy, and (ii) researchers at UAB received only
de-identified data and had no contact with participants.

Registered dietitians followed standard operating proce-
dures for each coaching session using motivational inter-
viewing to promote lifestyle behaviour change. Training
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was conducted for coaches on the interpretation and pres-
entation of VAP results, counselling procedures and ques-
tions to obtain participant data. During each coaching
session, information was obtained on body weight, medica-
tion and/or supplement use, nutrition and physical activity.
The Mifflin equation22 was used to estimate resting energy
expenditure, while 24-hour dietary recall was used to assess
nutrient intake and to establish recommendations for redu-
cing energy intake. Although the use of dietary recall to
establish dietary consumption and recommendations for
change is a limitation of the study, it is an efficient method
to examine nutrient consumption in a diverse and expan-
sive population23 receiving telephone-based health coaching
in the OHH program. Exercise questions asked how many
days per week and the type of activity performed but did
not address intensity or duration.

The VAP test measures cholesterol content of all lipopro-
tein subclasses through density-gradient ultracentrifugation.24

Variables included in the profile consist of (i) LDL-C Sum (Lp
(a) + IDL-C + LDL(real)-C), (ii) LDL(real)-C (cholesterol con-
tent of LDL subfractions 1–4), (iii) Lp(a), (iv) IDL-C,
(v) HDL-C, (vi) HDL2-C, (vii) HDL3-C, (viii) Very low-density
lipoprotein cholesterol (VLDL-C), (ix) VLDL1+2-C,
(x) VLDL3-C, (xi) Total cholesterol (TC), (xii) Triglycerides
(TG), (xiii) non-HDL-C (LDL-C + VLDL-C), (xiv) remnant
lipoproteins (REM-C: IDL-C + VLDL3-C), (xv) apoA1,
(xvi) apoB100, (xvii) ratio of apoA1 to apoB100 (apoB:apoA1)
and (Xviii) LDL pattern (A, A/B, or B).

A 2 (group) × 2 (time) ANOVA with repeated measures
on time was performed to examine differences between
groups. This investigation was exploratory in nature; there-
fore, the comparison-wise error rate was set at P < 0.05.
Each test for significance was conducted independently;
therefore, it is recognised that the experiment-wise error
rate may be somewhat higher than P < 0.05. Significant dif-
ferences between groups were further explored using Dun-
can’s New Multiple Range Test. Relationships between
variables were assessed using Pearson product–moment
correlation coefficients. Results are presented as means �
standard deviation (SD). This was a retrospective analysis,
and data are presented from individuals who completed
baseline and follow-up VAP tests. Data were analysed
using SAS for Windows (SAS Institute, Cary, NC, USA,
version 9.4).

Results

A total of 722 participants completed the OHH Program, of
which 62.7% were women. An additional 800 individuals
with mixed dyslipidaemia (64% women), who received
standard care but not OHH coaching, served as controls. As
expected, women from both groups had higher HDL-C and
apoA1 concentrations than men (data not shown). Total
cholesterol was also higher in women due to higher HDL-C
and LDL-C concentrations. Despite significant differences in
baseline concentrations of HDL-C and LDL-C, responses to
the dietary interventions were similar between men and
women for all blood lipids/lipoproteins. Therefore, data for

men and women were combined for analysis. Physiological
characteristics of participants in the OHH Program are pro-
vided in Table 1. Differences were observed between groups
for LDL sum at baseline, but all other variables were similar
(Table 2). Compliance with health coaching was strong,
with over 95% of participants from each group receiving all
three of the health coaching sessions. Coaching lasted
approximately 30 min for the initial evaluation and was
15–20 minutes for each of the follow-up sessions.

Body weight was unchanged in the OHH group, but the
intervention produced significant reductions in cholesterol
content of VLDL subfractions 1–3 (Table 2). The reduction
in VLDL cholesterol content was accompanied by decreased
apoB100 concentrations, suggesting a decrease in LDL par-
ticle number. In addition to the reduction in particle num-
ber, OHH increased LDL particle size in 40% of the OHH
participants compared to only 6% in the control group
(P < 0.05). ApoA1 concentrations and cholesterol content
of HDL subfractions 1–3 were unchanged over time and
were compared to Control.

Cholesterol content of LDL-C real was positively corre-
lated with apoB100 concentrations at baseline in the OHH
group (r = 0.89, P < 0.05). Furthermore, the greater the
reduction in apoB100, the greater the reduction in VLDL-C
content of all subfractions (r = 0.92, P < 0.05).

Discussion

In the current investigation, participants received
telephone-based health coaching to improve derangements
in blood lipid and lipoprotein characteristics. Health coa-
ches used motivational interviewing to promote change and
adherence to specific dietary/lifestyle interventions.25 The
results show that coaching individuals to reduce dietary
energy intake by 500 kcals/day produced significant reduc-
tions in cholesterol content of all VLDL subfractions.
Reductions in circulating apoB100 suggest that the decrease
in cholesterol content of VLDL was produced, at least in
part, by a reduction in hepatic apoB100/VLDL synthesis.

Dietary energy restriction lowers serum LDL-C and tri-
glyceride (TG) concentrations and improves lipoprotein
particle characteristics.7–9 In contrast, aerobic exercise train-
ing generally reduces TG concentrations and increases
HDL-C.10 The increase in HDL-C is generally accompanied
by increases in HDL particle size and number, with

Table 1 Physiological characteristics

Calorie restriction

Pre Post P-Value

Age (year) 59 � 13
Height (m) 1.65 � 0.09
Weight (kg) 82.6 � 11.7 82.6 � 18.2 0.75
BMI (kg/m2) 30.4 � 2.3 30.5 � 2.9 0.78

Each value represents means � SD.
*Indicates within group differences pre-post (P < 0.05).
BMI, body mass index.

Telephone-based medical nutrition and blood lipids
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reductions in LDL-C and particle size generally occurring
only in the presence of weight loss.7,10,11 Despite the well-
known benefits of diet and exercise on blood lipid metabo-
lism, one of the challenges of the field remains the gap
between the evidence of lifestyle change and achieving com-
mitment from those at risk of chronic disease. With increas-
ing rates of obesity and metabolic disease in many parts of
the world, strategies that promote successful lifestyle change
would be expected to reduce the personal and economic
burden of CHD. Numerous studies show that telephone-
based health coaching is an effective strategy to produce
positive changes in dietary behaviour19 and to reduce total
cholesterol and LDL-C in patients with CHD.15,20,21

Given the complexity of lipid metabolism as it relates to
the development and progression of CHD, one of the
strengths of the current investigation was that we used a
telephone-based approach to deliver lifestyle recommenda-
tions based on a complete lipid/lipoprotein profile utilising
vertical-density ultracentrifugation (VAP). In fact, VAP pro-
vides the cholesterol content of all major lipoprotein sub-
fractions and important information on LDL particle
number and size, which have been shown to enhance the
predictive capacity of LDL-C.26 The reduction in VLDL
cholesterol content in the OHH group of the current inves-
tigation was accompanied by a decrease in apoB100 con-
centrations. As each VLDL particle is composed of a single

apoB100,2 our results suggest that the reduction in choles-
terol content was produced, at least in part, by a reduction
in particle number. In addition to the change in particle
number, we also found that approximately 40% of indivi-
duals in the OHH group experienced an increase in LDL
particle size compared to only 6% in the Control group.
Reductions in LDL particle size are often produced by
increased serum TG concentrations and are a product of
the transfer of cholesterol between HDL and LDL parti-
cles.27,28 Although we did not find any change in apoA1
concentrations to indicate a change in HDL particle num-
ber, we did find a trend for lower TG concentrations, which
is in agreement with the increase in LDL particle size. The
effects of the OHH program on lipoprotein particle size are
consistent with longitudinal studies employing CR. For
example, short- and long-term CR increased LDL particle
size but had no effect on HDL particle size or number.7,9

Increases in LDL particle size are important as a number of
studies show that small LDL pattern sizes are highly athero-
genic. Indeed, small, dense LDL particles have extended
residence times and increased permeability and oxidation in
the vascular endothelium.4,5,29

The current investigation was a retrospective design, and
it is unknown how many people were offered the program
and declined or dropped out once it commenced. While it
is well known that exercise improves blood lipid

Table 2 Blood lipid and lipoprotein characteristics

Group × time ANOVA

Control OHH

Pre Post Pre Post P-Value

LDL-C Sum (mmol/L) 3.09 � 1.07 2.83 � 0.72 3.29 � 1.05 2.93 � 0.99 0.87
LDL-C Real (mmol/L) 2.50 � 0.96 2.27 � 0.89 2.67 � 1.00 2.36 � 0.91 0.80
LP(a) (μmol/L) 0.29 � 0.20 0.29 � 0.20 0.30 � 0.22 0.30 � 0.21 0.40
IDL-C (mmol/L) 0.39 � 0.20 0.35 � 0.18 0.40 � 0.20 0.36 � 0.18 0.22
HDL-C (mmol/L) 1.35 � 0.32 1.33 � 0.33 1.32 � 0.39 1.35 � 0.39 0.91
HDL2-C (mmol/L) 0.34 � 0.12 0.33 � 0.13 0.32 � 0.16 0.33 � 0.17 0.74
HDL3-C (mmol/L) 1.00 � 0.19 0.99 � 0.20 1.00 � 9.7 1.02 � 0.25 0.69
VLDL-C (mmol/L) 0.72 � 0.33 0.68 � 0.35 0.75 � 0.39 0.66 � 0.34 0.02
VLDL1,2-C (mmol/L) 0.33 � 0.26 0.32 � 0.23 0.35 � 0.25 0.30 � 0.22 0.03
VLDL3-C (mmol/L) 0.38 � 0.15 0.37 � 0.13 0.39 � 0.15 0.36 � 0.14 0.03
REM-C (mmol/L) 0.77 � 0.38 0.76 � 0.32 0.80 � 0.33 0.72 � 0.30 0.01
TC (mmol/L) 5.20 � 1.29 4.84 � 1.20 5.36 � 1.24 4.92 � 1.15 0.76
TG (mmol/L) 1.89 � 1.40 1.74 � 1.43 1.91 � 1.44 1.63 � 1.24 0.06
Non-HDL-C (mmol/L) 3.81 � 1.20 3.51 � 1.10 4.03 � 1.15 3.59 � 1.09 0.03
apoA1 (mmol/L) 0.05 � 0.01 0.05 � 0.01 0.05 � 0.01 0.05 � 0.01 0.61
apoB100 (μmol/L) 1.93 � 0.51 1.80 � 0.47 2.04 � 0.50 1.84 � 0.48 0.02
apoB100:apoA1 0.70 � 0.24 0.62 � 0.18 0.70 � 0.19 0.63 � 0.19 0.69

ApoA1, apolipoprotein 1; ApoB100, apolipoprotein B100; ApoB100:ApoA1, apolipoprotein B100:A1 ratio; HDL2C, high-density lipoprotein
cholesterol subfraction 2; HDL3-C, high-density lipoprotein cholesterol subfraction 3; HDL-C, high-density lipoprotein cholesterol; IDL-C,
intermediate-density lipoprotein cholesterol; LDL-C real, low-density lipoprotein cholesterol of subfractions 1–4; LDL-C sum, low-density
lipoprotein cholesterol sum of lipoprotein(a) + intermediate-density lipoprotein cholesterol + cholesterol content of LDL subfractions 1–4
(LDL-C real); Lp(a), lipoprotein(a); Non-HDL-C, LDL-C + VLDL-C; REM-C, remnant lipoproteins including IDL-C + VLDL3-C; TC, total
cholesterol; TG, triglycerides; VLDL1,2-C, very low-density lipoprotein cholesterol subfractions 1 and 2; VLDL3-C, very low-density lipopro-
tein cholesterol subfraction 3; VLDL-C, very low-density lipoprotein cholesterol (total); To convert cholesterol values from mg/dL to mmol/L
(mg/dL divided by 38.6). To convert TG values from mg/dL to mmol/L (mg/dL divided by 88.5). Each value represents means � SD.
Between-group differences were considered significant if P < 0.05.
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metabolism, coaches were only instructed to ask about how
many days a week a participant engaged in exercise, making
it difficult to tell what effect physical activity level had on
lipid concentrations. However, the improvements seen in
the present study’s results would only be heightened with
any additional physical activity, suggesting that lipid con-
centrations improved with reduced caloric intake. Alterna-
tively, compliance of the CR group to the physical activity
recommendations could have contributed to the preserva-
tion of body weight by increasing LBM. Future studies that
include pre- and post-intervention measurements of body
composition and objective measures of physical activity are
needed to shed light on these prospects.

An additional limitation of the study was that dietary
compliance was not documented, and participants were
held accountable for securing foods that met the specifica-
tions of their prescribed diets. While the study represented
a broad demographic population, specific factors such as
socioeconomic status, education, access to healthy choices,
household size and members, professional and personal
commitments and readiness to change were not available
and may have also impacted the rate and degree of compli-
ance among the study participants. We were also unable to
document changes in medication or other lifestyle changes
in the control group, which may have influenced the find-
ings. As described in Methods, this investigation was
exploratory in nature, and each statistical test for signifi-
cance was conducted independently; therefore, it is recog-
nised that the experiment-wise error rate may be somewhat
higher than P < 0.05. Nonetheless, the effect size produced
on VLDL-C and apo-B by the lifestyle intervention is in
perfect accord with those produced by other hypocaloric
dietary interventions.30 Thus, our results suggest that
remote health coaching designed to promote a hypocaloric
diet and physical activity provides individuals at risk for
CHD with a convenient and cost-effective means to reduce
major risk factors. Future studies are needed to identify the
impact of remote health coaching in individuals of low
socioeconomic status and those with limited access to
health care.

In conclusion, the results of this investigation suggest
that a remote, telephone-based health coaching program
designed to provide lifestyle recommendations is an effec-
tive strategy to improve blood lipid and lipoprotein charac-
teristics. In recent years, there has been a trend in the field
to advocate for diets that focus on the restriction of total fat
consumption, the types of fat consumed and carbohydrate
consumption as opposed to simply limiting daily caloric
intake. Our finding, that reducing dietary energy intake
alone improves cholesterol content of atherogenic lipopro-
teins, provides a simplified approach for delivering thera-
peutic health recommendations.
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Reforming foodservice in elderly care: National actions
and local outcomes

Malin SKINNARS JOSEFSSON ,1 Margaretha NYDAHL,1 Inger PERSSON2 and
Ylva MATTSSON SYDNER1

Departments of 1Food, Nutrition and Dietetics, and 2Statistics, Uppsala University, Uppsala, Sweden

Abstract
Aim: The aim was to explore the outcome, on a local level, of steering, organisation and practices of elderly care
foodservice by Swedish municipalities, and changes relative to national actions.
Methods: A survey using a web-based questionnaire about elderly care foodservice targeting all Swedish municipali-
ties (n = 290) was conducted in 2006 and 2013/2014. The questionnaire included the topics: organisation of food-
service, its practice in elderly care and steering devices such as guidelines and policies. Based on the share of a rural
population, municipalities were divided into groups: rural (≥50%), urban (<50%) and city (≤20%).
Results: The response rate from municipalities was 80% in 2006 and 56% in 2013/2014; 45% participated in both
surveys. The results showed increased use of local food policies (P = 0.03) and meal choice (P < 0.001), while access
to clinical/community dietitians declined (P = 0.01) between the surveys. In home-help services, daily delivered
cook-serve meals declined (P < 0.001) and chilled meals delivered three times a week increased (P = 0.002) between
the surveys. City municipalities used private foodservice organisations the most (P < 0.001), and reported reduced
use of cook-serve systems in favour of chilled. In rural municipalities, the use of public providers (98%) and a cook-
serve system (94%) were firmly established. Urban municipalities were placed between the other groups.
Conclusions: National actions such as soft governance and benchmarking appear largely to determine local level
outcomes. However, conditions for adapting these measures vary between municipality groups. While efficiency
enhancing trends were prominent, questions remain whether national actions should be expanded beyond perfor-
mance to also examine their consequences.

Key words: dietitians, food policy, foodservices, health services for the elderly.

Introduction

Old age may lead to a need for elderly care in which the
provision of meals is an essential component. These meals
are fundamental in the daily lives of older adults who
depend on support from the welfare service.1 However,
poor food intake and malnutrition in elderly care have been
highlighted in numerous studies as examples of problematic
areas for dependent older adults.2 Multiple actions have
been initiated, for example, the 2007 guidelines by the
Council of Europe aiming to implement multidisciplinary
strategies to promote and tackle malnutrition.3 Neverthe-
less, a continued need for guidelines, policies and access to

adequate nutritional competence is still emphasised.4,5 Key
actors with nutritional competence are clinical/community
dietitians and foodservice dietitians. While clinical/commu-
nity dietitians advise individuals on tailored diets, provide
nutrition counselling and educate professionals, foodservice
dietitians are responsible for ensuring the provision of
nutritionally adequate, safe and tasty meals.6,7 Moreover,
the menus offered in elderly care need to be carefully
planned and audited by dietitians to ensure they meet
nutritional, social and cultural needs, and provide variety.8

An example of providing variety is through offering a
choice of meals from a menu, an action that is shown to
increase meal satisfaction among patients and residents.9

In this elderly care sector of the welfare service, different
actions aimed at reducing malnutrition and improving the
quality of meals have been undertaken simultaneously with
reforms aiming to reduce costs and enhance efficiency.10,11

As a consequence, the resource-intensive foodservice has
implemented cost-saving actions with reduced use of cook-
serve systems, in which food is cooked, kept hot for a short
period of time and then served. Instead, there has been
increased use of various chilled food technology systems
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where prepared food is rapidly chilled to be later reheated
and served.12,13 The latter allows for reduced delivery fre-
quency since these meals have a longer shelf-life, and is
now common practice in home delivered meal services.14,15

In several developed countries, including Sweden, there is
a gap between a growing older population and public
resources.16 This gap, together with a movement from a
collective approach to one taking individual needs in to
account,17 has resulted in a changed public sector manage-
ment, often referred to as New Public Management. Elderly
care and foodservice organisations that were earlier man-
aged only by the public sector in each municipality in Swe-
den can now be contracted out to private providers.14 This
requires audits and follow up routines because each munic-
ipality is held responsible for the outcome regardless of
whether none, parts or all of the elderly care or foodservice
is contracted out to a private provider.18

In Sweden, elderly care is politically directed and regu-
lated by framework laws, regulations and actions controlled
by the government and national authorities.19 On a local
level, each of the 290 municipalities, run by elected local
political councils, has extensive autonomy concerning
responsibility for all aspects of elderly care including the
steering, organisation and practices of foodservice. Because
of the extensive autonomy, and the varying needs and con-
ditions, the resulting outcomes can be diverse.20

As in many other countries, malnutrition and quality
aspects of elderly care meals have been debated over the
years. In order to meet needs and achieve progress, national
authorities have been undertaking reforms and auditing
through soft governance actions. Soft governance can be
described as using rules that are voluntary and not legally
binding.21 Two prominent actions conducted by Swedish
national authorities are: the annual surveys for benchmark-
ing purposes in which data have been collected from
municipalities since 2007 (including indicators for meals,
e.g. meal choice),22 and the national recommendations for
meals for adults in elderly care launched in 2011.23

To our knowledge, it is not known how the municipali-
ties steer, organise and practice this soft governance at a
local level alongside actions to enhance efficiency and qual-
ity improvements. The aim of the present study is to
explore the outcome, on a local level, of steering, organisa-
tion and practices of elderly care foodservice by Swedish
municipalities, and changes relative to national actions.

Methods

This article builds on the results from a repeated survey sent
to all Swedish municipalities (n = 290) in 2006 and in 2013/
2014. In 2006, a comprehensive questionnaire comprising
78 items was developed by Umeå University and the National
Board of Health and Welfare (NBHW) (hereafter referred to
as SI). The questionnaire was pilot-tested by foodservice dieti-
tians and distributed by NBHW by email to all municipalities
(n = 290). Due to the broad spectra of questions, an enclosed
cover letter recommended that various professionals, for
example, foodservice dietitians, clinical/community dietitians

and elderly care managers employed by the municipality,
respond jointly. A reminder was sent out three times.

In 2013/2014, a follow-up survey (hereafter referred to
as SII) based on SI was conducted. By excluding back-
ground items and merging ‘yes/no items’ with their follow-
up questions, SII was shorter, comprising 61 items. This
version was pilot-tested for comprehensibility by foodser-
vice dietitians and then distributed to all municipalities
(n = 290) by email along with a cover letter similar to that
sent in SI. Two reminders were sent out and additional tele-
phone call reminders were made by the first author to fur-
ther encourage responses.

The cover letters informed that responses from the sur-
veys were not confidential, although single municipalities
would not be identified in the presentation of the results.
One response per municipality covering residential care
homes and home-help services was requested even if, for
example, all or parts of the foodservice organisation was
contracted out, or if the municipality used several food
technology systems. There were 12 questionnaire items
within the three topics from the questionnaires presented in
this article: (i) steering and follow up, (ii) organisation of
foodservice and (iii) practice of foodservice in residential
care homes and home-help services. The questions used are
presented in Table 1.

Population and demographic data for each municipality
were obtained from Statistics Sweden.24 A classification by
Eurostat and the Organization for Economic Cooperation
and Development is used to describe and analyse the
municipalities, and to divide them into groups based on
population density, size and proximity to population
agglomerations, referred to in the present study as popula-
tion density.25 Here, the municipality groups are defined as:
• Rural (≥50% of the population live in rural areas)
• Urban (<50% of the population live in rural areas)
• City (≤20% of the population live in rural areas and, with

neighbouring municipalities, a combined population of
at least 500 000 inhabitants).
Responses from SI and SII were analysed using IBM

SPSS Statistics for Windows (Release 20.0, 2011; IBM Corp,
Armonk, NY, USA). Ordinal data from the surveys were
dichotomised (see Table 1) in order to keep the sample size
large enough in each group to allow for comparisons
between municipality groups, and analyses of differences
between the two surveys. Descriptive statistics, Pearson’s
chi-squared test and Fisher’s test, were used to analyse
group differences. The nonparametric McNemar’s paired-
samples test was used to compare the data between SI and
SII, and the binomial test was used for small samples. Only
municipalities that had participated in both surveys were
included when comparing the two surveys. The level of sig-
nificance was set at 5% (significant result if P < 0.05). Mul-
tiple tests have been performed, which means the total
significance level is >5% used in a single test and therefore
the significance of the different test results must be inter-
preted with care. Ethical approval was received by an advi-
sory statement from the Regional Ethical Review Board of
Medical Sciences in Uppsala (Reg. no. 106 2013/386).
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Results

The response rate was 80% (n = 231) in SI, 56% (n = 162)
in SII and 45% (n = 131) for municipalities participating
in both surveys. The distribution of participating munici-
palities in SI was consistent throughout the country, while
in SII and for those participating in both surveys, rural
municipalities were underrepresented and urban munici-
palities overrepresented by approximately 5% points,
respectively (Figure 1).

More than 80% of the municipalities reported consulting
the national recommendations for meals for older adults
(Table 2) since their introduction in 2011 and the overall
use of another steering device, that of local food policies,

increased significantly between SI and SII (P = 0.03). Of all
the municipalities using a local food policy in SII, 75%
reported following-up on the policy goals that had been set
which is a significant decline from SI (P = 0.002). Overall,
close to 90% in each survey reported using a public food-
service organisation but the distribution varied significantly
between municipality groups in SII (P < 0.001). Rural and
urban municipalities reported a higher and stable level of
use of public foodservice organisations, whereas city munic-
ipalities reported a higher and increased level of use of pri-
vate foodservice organisations (P = 0.01).

There was a significant decline (P = 0.005) of the munic-
ipalities having access to clinical/community dietitians
between the surveys (Table 2). In SI, significantly more

Table 1 Questions from Surveys I and II identified as key characteristics included in the present study

i) Steering and follow-up routines

• Do the foodservice providers comply with the National Food Agency’s recommendations on meals for older
adults?(a)

• Do you have policies, guidelines or other equivalent documents for the elderly care foodservice provider?(b)

• Is adherence with the policy or equivalent document followed up?(b)

ii) Organisation of foodservice and access to competences

• Are elderly care meals supplied by the municipality? (public foodservice provider)(a)

• Are elderly care food and meals supplied by a private foodservice provider?(a)

• Do you have access to a clinical/community dietitian/s?(a)

• Do you have access to a foodservice dietitian/s?(a)

iii) Practice of providing foodservice in residential care and home-help service

• What food technology system is used for meals in residential care homes? Several answers can be given(c)

• Is there an option of menu choices in the residential care homes?(d)

• Is there an option of menu choices in the home-help service?(d)

• Which services are offered to older adults living at home in need of help with cooking? Several answers can be
given(e)

• If ready-to-eat meals are provided, what is the delivery form and frequency? Conventional, daily delivery; chilled,
daily delivery; chilled, delivered ≤ 3 times per week; modified atmosphere, delivered ≤ 1 time per week; frozen,
delivered ≤ 1 time per week?(d)

Answer alternatives:
(a) Yes = (yes, in all/yes, in most operations), no = (yes, in some/yes, in very few/no, not in any operation).
(b) Yes/no.
(c) Hot; cold; cold (cook-chill); frozen; other.
(d) Yes = (yes, for everybody/yes, for most), no = (yes, for some/yes, for a few/no, not for anyone/other).
(e) Seven alternatives, presented in Table 3.
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urban and city municipalities had access to a foodservice
dietitian (P = 0.02). In SII, access to a foodservice dietitian
holding a managerial position was more prevalent in rural
and urban municipality groups (P < 0.001).

In both surveys, a cook-serve food technology system
was predominantly used, although the extent of use varied
between the municipality groups (P = 0.01) in SI and
(P = 0.04) SII (Table 3). In SII, the chilled food technology
system (short shelf-life) was used significantly less fre-
quently in rural municipalities and most frequently in city
municipalities (P = 0.02).

Between the surveys, the practice of offering meal
choices more than doubled in residential care homes and
increased significantly in home-help services (P < 0.001).
Again, the difference between municipality groups was sig-
nificant, with meal choices being more common in city
compared to rural municipalities in both residential care
homes (P = 0.002) and home-help services (P < 0.001).

In home-help services, the predominantly used service,
that of home delivered ready-to-eat meals produced by a
public foodservice organisation in the municipality,
decreased overall between the surveys (P = 0.002). This ser-
vice was most frequently reported by rural and least fre-
quently reported by city municipalities in both SI (P = 0.01)
and SII (P = 0.02) (Table 3). The most frequent users of the
predominant cook-serve ready-to-eat meal with daily delivery
were rural municipalities in both SI (P = 0.004) and SII
(P = 0.009); however, this had declined significantly overall
(P = 0.001). Instead, the use of chilled ready-to-eat meals
delivered three times a week had increased (P = 0.002).

Discussion

Between the surveys, municipalities reported an overall
increased and extensively used practice of offering meal
choices and in the use of steering devices such as local food
policies. However, follow-up routines for the policies and the
number of municipalities having access to clinical/community
dietitians had declined. In home-help services, a change from
daily delivery of ready-to eat meals (cook-serve), towards
chilled ready-to-eat meals delivered three times a week was
reported between the surveys. Differences in outcomes
between the municipality groups were apparent and the result
indicates an increased gap. In rural municipalities, the use of a
cook-serve system and public foodservice providers were
firmly established and foodservice dietitians in managerial
positions were well-represented. City municipalities had
reformed the most between the surveys by adopting the char-
acteristics of New Public Management, for example, privatisa-
tion, meal choice and chilled food technology, to a greater
extent than rural and urban municipalities. This reform strives
for both cost-effectiveness and individualism. The results for
urban municipalities were found to be in between the other
two groups. A struggle between striving for national equity
and local autonomy seems to be present in the present study,
as was similarly reported in the study by Fredriksson and
Winblad.26T
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The municipalities’ high adherence to the national rec-
ommendations and increased use of local food policies are
seen to play an important role in the steering of foodservice
in elderly care. Also, because city municipalities have a high
level of follow-up routines regarding local food policies, it

can be assumed that they have a greater need to carry out
quality control of private foodservice providers. This is dis-
cussed by Erlandsson et al.18 as a consequence of privatisa-
tion in elderly care, and it is further supported by Power27

arguing that audit practices have gained impact. However,

Table 3 Practice of providing foodservice in residential care homes and home-help service

Answers (n) Distribution (%) Differences

Survey Total Yes Total Rural Urban City
Groups,
P-value(a)

Surveys,
P-value(b)

Food technology systems
Conventional (cook-serve)(c) I 227 198 87.2 94.1 79.6 91.3 0.01(d)

II 162 139 85.8 93.7 81.9 75.0 0.04(e) 1.00(f)

Chilled (short shelf-life)(c) I 226 40 17.7 12.0 21.4 26.1 0.10(e)

II 162 39 24.1 14.3 27.7 43.8 0.02(e) 0.31(g)

Cook-chill (long shelf-life)(c) I 227 29 12.8 7.9 18.4 8.7 0.07(e)

II 162 17 10.5 7.9 9.6 25.0 0.15(e) 1.00(f)

Cook-freeze(c) I 227 4 1.8 n = 1 n = 3 0.0 NA
II 162 2 1.2 n = 1 n = 1 0.0 NA NA

Meal choice
Residential home care I 225 50 22.2 15.8 22.5 50.0 0.002(d)

II 156 77 49.4 35.5 53.1 92.3 <0.001(d) <0.001(f)

Home-help service I 227 99 43.6 31.7 46.6 82.6 <0.001(d)

II 157 96 61.1 42.6 69.1 93.3 <0.001(d) <0.001(f)

Meals in home-help service offered to all or more than half of the older adults
Shop-purchased ready-to-eat meal(c) I 227 61 26.9 21.8 26.9 50.0 0.03(d)

II 162 42 25.9 27.0 22.9 37.5 0.46(e) 0.77(f)

In-home cooking (<20 minutes)(c) I 227 96 42.3 39.6 37.5 77.3 0.002(d)

II 162 58 35.8 36.5 31.3 56.2 0.16(d) 0.50(f)

In-home cooking (>20 minutes)(c) I 227 33 14.5 13.9 14.4 18.2 0.86(e)

II 162 11 6.8 6.3 4.8 18.8 0.11(e) 0.25(f)

Accompanied to a nearby restaurant(c) I 227 51 22.6 23.8 20.2 28.6 0.61(e)

II 162 23 14.2 6.3 14.5 43.8 0.002(e) 0.13(f)

Restaurant-purchased meal(c) I 227 22 9.7 5.9 8.7 31.8 0.004(e)

II 162 24 14.8 14.3 12.0 31.8 0.16(e) 0.01(g)

Ready-to-eat meal from private provider(c) I 227 59 26.0 15.8 30.8 50.0 0.002(d)

II 162 34 21.0 9.5 27.7 31.2 0.01(e) 0.31(g)

Ready-to-eat meal from public provider(c) I 226 161 71.2 79.0 69.2 45.5 0.01(d)

II 162 92 56.8 69.8 50.6 37.5 0.02(d) 0.002(f)

The ready-to-eat meal: delivery form and delivery frequency
Conventional (cook/hot-hold)/daily I 228 128 56.1 68.3 47.1 43.5 0.004(d)

II 123 46 37.4 51.9 29.0 11.1 0.01(e) 0.001(g)

Chilled (short shelf-life)/daily I 220 47 20.8 16.0 24.3 26.1 0.27(e)

II 118 27 22.9 20.0 22.4 40.0 0.38(e) 1.00(g)

Chilled (short shelf-life)/three times a week I 225 37 16.4 11.0 20.6 21.7 0.12(e)

II 113 34 30.1 23.9 36.2 22.2 0.36(e) 0.002(f)

Chilled (long shelf-life)/once a week I 225 56 24.9 18.0 28.4 39.1 0.06(d)

II 116 31 26.7 16.3 34.5 33.2 0.08(e) 0.45(g)

Cook-freeze/once a week I 225 1 0.4 0 0 n = 1 NA
II 117 1 0.9 n = 1 0 0 NA NA

NA, not applicable.
(a) Differences between municipality groups.
(b) Differences between Surveys I and II.
(c) Due to the possibility of multiple answers, percentages do not add up to 100% (see Table 1).
(d) Pearson’s chi-squared test of relationship between groups (exact two-sided P-value).
(e) Fisher’s exact test of relationship between groups (exact two-sided P-value).
(f) Nonparametric McNemar’s paired-samples test for comparison between surveys (exact two-sided P-value).
(g) Non-parametric binomial test for small samples for comparison between surveys (exact two-sided P-value).
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food policies alone may not guarantee quality assurance or
the prevention of malnutrition, and inadequate follow-up
routines would further reduce the scale of their impact.28

Then again, placing nutrition issues on the political
agenda29 makes it clear that policies serve as useful steering
devices.5 The shift towards increased use of private foodser-
vice organisations in city municipalities seen in the present
study is consistent with the Swedish government’s reform-
ing intent to open up the welfare service sector, and elderly
care in particular, to privatisation.18 This finding is also in
agreement with Stolt and Winblad30 who found that
densely populated areas attract private organisations to a
greater extent.

In a study on perceived barriers for improving foodser-
vices for older adults, Walton discusses a need for both
clinical dietitians and foodservice managers (the latter com-
parable to foodservice dietitians in Sweden), due to their
different roles.31 In the present study, however, only 20%
of all municipalities had access to a clinical/community die-
titian showing a significant decline from 2006. This devel-
opment raises concerns, because these key actors are
needed to optimise the nutritional status of older adults.32

External evaluation and accreditation are shown to be
influential motivational factors33 and in the present study,
it is clear that the annual benchmarking survey conducted
by national authorities22 plays an important role. The
option of meal choices as one of the benchmarking indica-
tors has, since its introduction, led to its significantly
increased practice in the municipalities. According to earlier
studies, offering meal choices might help in the mainte-
nance of personal control, and improve food intake and
foodservice satisfaction.9,34 However, Wright et al. found
that a time lapse between meal choice and consumption
was associated with poorer food intake.9 This might over-
shadow the good intentions of an individual oriented prac-
tice as a certain delay is inevitable depending on food
technology system and organisation.

The distribution of meals is a resource-intensive aspect
of foodservice practice in home-help services.12 Our results
confirm the efforts aimed at cost reduction, because the use
of ready-to-eat meals (cook-serve) delivered daily had
decreased the most between the two surveys, while the use
of chilled ready-to-eat meals delivered three times a week
had increased the most. Although with varying points of
departure, all municipality groups indicated that they had
aimed for this cost-reducing approach because chilled meals
allow for a reduced distribution frequency.12 The choice of
food technology system in home-help services also has con-
sequences for the recipient. A chilled food system with low
delivery frequency can offer freedom from waiting for the
meal delivery.35 At the same time, this practice moves the
responsibility for food safety, for example, storing and
reheating, to the recipients.36 The social aspect of this ser-
vice also needs consideration. Whilst frequent deliveries
might help reduce social isolation, a system with low deliv-
ery frequency does not.37 Preference regarding choice of
food system is individual and depends on a complex mix of

factors, which may affect the dependent older adult’s food
intake in various ways.

The strengths of the present study are its national cover-
age with comprehensive representation of municipalities,
along with its novel approach. A potential drawback is the
lower response rate in SII. Plausible reasons for this are that
it received limited attention because the main sender was
not a national authority and a presumed general survey
fatigue.38 The city group in the present study represents a
large population yet contained few municipalities, which is
a weakness that must be kept in mind when interpreting
the results.

In summary, soft governance and benchmarking devices
as incentives for national actions appear substantial drivers
of local level outcomes. However, conditions for adapting
these actions vary between municipality groups and would
seem to be particularly tailored towards densely populated
municipalities. Moreover, prominent trends aimed at
enhancing efficiency through measures such as increased
use of foodservice technology and privatisation, a relaxation
in monitoring policy goals and numbers of clinical dieti-
tians employed, can be identified. Nevertheless, identifying
trends that may reduce problems related to meal experi-
ences and food intake is more difficult. This raises ques-
tions over whether national obligations concerning such
welfare services should be expanded beyond performance,
to also examine their consequences. Furthermore, it also
raises questions concerning the need for professional pro-
files in setting policies and transforming them into practice,
as well as incorporating controller functions. The need for
such a professional profile constitutes both a challenge and
an opportunity for dietitians, in education, practice and in
research.
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The Nutrition Care Process Terminology: Changes in
perceptions, attitudes, knowledge and implementation
amongst Australian dietitians after three years
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Abstract
Aim: Assessing changes in dietetic perceptions, attitudes and knowledge regarding the Nutrition Care Process Ter-
minology (NCPT) is important to determine implementation effectiveness. This study aimed to investigate changes in
the perceptions and attitudes of Australian dietitians over a three-year period, identify changes in benefits and bar-
riers to support successful NCPT implementation and determine future directions for NCPT progression.
Methods: An online survey was performed in 2011 and repeated in 2014 by recruiting members of the Dietitians
Association of Australia (DAA) through an email link. The survey assessed familiarity, knowledge, attitudes, benefits,
barriers, concerns and use of educational enablers around the NCPT.
Results: The survey was completed by 218 respondents in 2011 and 205 respondents in 2014. Survey respondents
from both years were representative of overall DAA membership. Respondent knowledge of NCPT increased signifi-
cantly over the three-years, as did confidence, preparation, access to support and training and NCPT usage. Respon-
dent’s identification of benefits to implementation increased whilst barriers reduced. Attitudes regarding NCPT
implementation were conflicting.
Conclusions: Over three years, improvements were evident in NCPT knowledge, attitudes and usage. However, not
all dietitians saw reason to implement NCPT in their practice, and some attitudes have become less supportive. A col-
lective vision is required to foster positive attitudes towards the transformational professional benefits possible from
NCPT. With ongoing uptake of electronic health records, the potential for NCPT to evaluate and justify dietetic inter-
ventions is increasing.

Key words: attitudes, implementation, International Dietetics and Nutrition Terminology, knowledge, Nutrition
Care Process Terminology.

Introduction

The Nutrition Care Process (NCP) is a framework designed to
assist dietitians in delivering high-quality nutrition care. The
framework is a four-step process including nutrition assess-
ment, diagnosis, intervention and monitoring and
evaluation.1–4 Following the introduction of the NCP, a stan-
dardised language known as the International Dietetics and
Nutrition Terminology (IDNT) was developed to provide

dietitians with consistent terms to use throughout nutrition
assessment, diagnosis, intervention and evaluation.4–6 The
NCP and the IDNT are collectively referred to as the Nutrition
Care Process Terminology (NCPT).6

The NCPT aims to increase documentation consistency
and allow the specific identification of nutrition issues in
relation to, but set apart from, medical diagnoses. In addi-
tion, the terminology may provide clear and interpretable
nutritional information to other allied health professions
and allow for effective ongoing evaluation of health
outcomes.2–5 Use of the NCPT is not mandatory for dieti-
tians within Australia but is highly recommended by the
Dietitians Association of Australia (DAA). Individual practi-
tioners who value recommendations to include NCPT
within clinical practice are instigating a structure by which
to assess the resolution of diagnoses and the measurement
of patient outcomes.5 NCPT offers a means for establishing
evidence of any benefits resulting from the patient care pro-
vided, dietetic impact on patient health outcomes and the
most effective treatments within an area of practice. The
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adoption of the NCPT model and framework has occurred
in many facilities globally, including Australia.

Whilst the reasoning behind the introduction of the
NCPT is well described, evidence of perceived benefits and
potential issues in practice is lacking. Consequently, a base-
line survey was completed in 2011 to assess NCPT usage,
knowledge and attitudes of those working in the profes-
sion.4 Following NCPT adoption within Australia, survey
results identified issues for practice, including time for
implementation of new procedures, and it is valuable to
monitor how NCPT adoption progresses and how the
changes affect those involved.4,7 In addition, it is important
to ensure that dietitians using the terminology have the
knowledge to apply it effectively3,6,8 and have further train-
ing as required. As the uptake of electronic health records
continues, incorporation of NCPT provides a valuable tool
to evaluate dietetic practice. This can include examinations
such as types of common nutrition diagnoses, resolution
rates of diagnoses and time to resolution. Information such
as this can help demonstrate the effectiveness of dietitians
across different practice situations.

To date, no studies have assessed long-term country-
based changes in the knowledge and attitudes of dietitians
with regards to the NCPT. This study was designed to fill
this gap by undertaking a nation-wide survey4 of Australian
dietitians three years following an initial baseline survey.
This study aims to identify changes in NCPT uptake and
knowledge, with a focus on barriers and enablers to the
effective use of the NCPT. This will provide a basis to form
recommendations regarding future activities to support suc-
cessful use of the NCPT and will contribute to evidence of
its effects on nutrition care.

Methods

The validated ‘Attitudes, Support, Knowledge, of the Nutri-
tion Care Process’ (ASK NCP) survey was utilised to gain
insight into dietitians’ views regarding NCP and IDNT
implementation.3 This survey has been shown to be valid
and repeatable.4 The ASK NCP survey was completed elec-
tronically using ‘Survey Monkey’ (www.surveymonkey.com,
Palo Alto, CA). The survey was administered first in 2011
and then again in 2014 to identify the changes in dietitians’
perceptions over time.

Participants were recruited through the professional
body for dietitians in Australia, the DAA. Members were
invited to complete the voluntary survey through an anony-
mous web link included in the DAA weekly electronic
newsletter. The link appeared in two separate newsletters
two weeks apart to maximise the response rate. The recruit-
ment process was the same for both 2011 and 2014. The
survey took approximately 20 minutes to complete, and
survey completion was taken as consent. Participants could
exit the survey at any time, and all responses to questions
were optional. The Queensland Health Research Ethics
Committee granted ethical approval for the study.

The survey contained a variety of questions ranging from
those requiring qualitative responses to multiple-choice

knowledge questions and close-ended questions, utilising a
5-point Likert scale (1 ‘strongly agree’, 2 ‘agree’, 3 ‘neutral’,
4 ‘disagree’, 5 ‘strongly disagree’).

The survey included 48 questions regarding dietitians’
knowledge (n = 9), familiarity (n = 1), attitudes (n = 12)
and confidence and preparedness for implementation
(n = 6) of the NCP and IDNT, as well as views regarding
implementation (n = 11), workplace documentation
method, terms incorporated into charting, and length of
time since incorporating NCP and IDNT (n = 4). The sur-
vey included ‘select all that apply’ questions focussing on
the identification of benefits, concerns and barriers as well
as the use of educational resources to assist in implementa-
tion (n = 5). Themes evident from responses to the 2011
survey were added as options for 2014. As a result, the
2014 survey had two additional questions and extra options
for three of the ‘select all that apply’ questions.

Respondents’ demographics were collected during both
surveys, with gender and years working as a dietitian com-
pared against DAA membership to assess respondent
representativeness.

For the 2011 survey, answers from 218 respondents
were analysed from the 285 originally surveyed. Responses
were excluded if they did not confirm DAA membership
(n = 34), if they followed the link but did not respond to
any questions (n = 31) or if they reported living overseas
(n = 2). In 2014, there were 209 respondents with
205 datasets analysed. Responses were excluded if no ques-
tions were answered (n = 2) or they reported not living in
Australia (n = 2).

Data analysis was completed using the Statistical Package
for the Social Sciences (SPSS for Windows, Release
18, 2009; SPSS Inc. Chicago, IL, USA). Survey answers for
2011 and 2014 were compared to determine changes in
responses. Questions with categorical responses were pre-
sented as counts and percentages and were assessed using
Pearson’s Chi-squared test. Continuous variables were
assessed for normality of the response data. Independent
sample t-tests were used for data with normal distribution,
and the Mann-Whitney U test was used for nonparametric
data. A P-value of < 0.05 was considered significant.

Results

Respondents for 2011 were representative of DAA member-
ship for the same year for both gender (2011: female
95.8%, DAA: female 92.6% P = 0.079) and years practicing
as a dietitian (2011: median 7, range 0–36 years DAA:
median 7, range 0–60 years P = 0.887). This was also the
case for the 2014 respondents (2014: female: 95.6% DAA:
92.6% P = 0.106; 2014: median 8, range 0–44 years DAA:
median 7, range 0–60 years, P = 0.202). The respondents
from 2011 and 2014 were comparable in terms of gender
(P = 0.926), years practicing (P = 0.411), geographical loca-
tion (P = 0.228), work status (P = 0.806) and DAA mem-
bership category (P = 0.379) (Table 1).

Between 2011 and 2014, statistically significant improve-
ments were found with regards to NCPT familiarity,
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confidence, preparation, support, knowledge, charting, ben-
efits and use of educational resources. There was improve-
ment in familiarity with the DAA’s recommendations to
incorporate the NCP and IDNT in Australia (P < 0.001,
Table 2). Comparison of 2011 and 2014 respondents also
showed a move towards finding the implications of incor-
porating the NCP and IDNT into practice more clear
(P = 0.02, Table 2). Further improvements were seen in
confidence to implement NCP (P < 0.001) and preparation
to implement the NCP and IDNT (P = 0.003) (Table 2).

In terms of support, respondents reported greater access
to information and mentors and felt less isolated from
knowledgeable colleagues (Table 2). There were improve-
ments in training, with more respondents feeling
comfortable and knowledgeable and less requiring addi-
tional area-specific training (Table 2). Knowledge regarding
the NCP and IDNT improved, with increased percentage of
correct responses, which were statistically significant for
eight of the nine knowledge questions (Table 3). There was
an increase in the use of educational enablers such as pre-
sentations, workshops, readings sent out, department meet-
ings, self-directed readings, webinars and use of the DAA
website (Table 3).

There was also a significant rise in the use of nutrition
diagnoses utilising Problem Etiology, Signs and Symptoms
(PES) statements, with 59.5% of 2014 respondents report-
ing using PES statements in charting for at least three
months (Table 3). The number of respondents

incorporating assessment, intervention and monitoring and
evaluation into charting also increased significantly
(Table 3).

There were significant increases in all implementation
benefits identified, with the largest benefits being consistent
structure for nutrition care and provision of a standardised
language (Table 3). In addition, implementation barriers
were reduced in terms of lack of knowledge, resources and
training and support (Table 3).

No significant changes were seen when comparing 2011
and 2014 responses with regards to concerns, difficulty of
implementation, importance of NCPT to practice and time
as a barrier. Five of six implementation concerns remained
constant, including percentage of respondents having no
concerns (Table 3). With regards to difficulty, respondents
from both years agreed that the NCPT implementation
would be difficult, but they also agreed that it is important
to their practice (Table 2). In 2011, time was identified as a
barrier for approximately 40% of respondents, and this
remained constant into 2014, making it the biggest barrier
identified for that year (Table 2).

Comparison of 2011 and 2014 responses also saw
changes that were less supportive of the NCP and IDNT
implementation with regards to attitudes towards changing
practice and improving patient care, clinical documentation
and concerns with PES statements. For 2014, fewer respon-
dents agreed that they felt the need to change practice and
that the implementation of the NCPT would improve
patient care. There was increased agreement that respon-
dents would prefer to continue with routine rather than
change. With regards to clinical documentation, more
respondents saw minimal benefit in incorporating the NCP
and IDNT. The number of those agreeing that they saw no
benefit in incorporating the NCP/IDNT increased as well as
those concerned that other health professionals will not
read PES statements (Table 3). Therefore, less supportive
attitudes were seen in 2014 when compared to 2011
regarding changing practice and patient care, as well as ben-
efits of incorporating into clinical documentation and con-
cerns that other health professionals will not read PES
statements.

Discussion

For the first time, this nation-wide study identifies changes
in knowledge, attitudes, benefits and concerns of Australian
dietitians regarding the NCPT over three years. The study
showed improvements in dietitians’ familiarity, knowledge,
confidence and preparation regarding the NCPT, as well as
increases in educational resources, training and support and
PES statement usage. A decrease in implementation barriers
and concerns were also observed. However, the study also
highlighted some conflicting attitudes following
implementation.

Many positive changes around NCPT have occurred in
three years. Our results showed significant increases in
NCPT use, including the adoption of diagnoses (PES) state-
ments and NCP terms while charting. Multiple factors

Table 1 Demographics of 2011 and 2014 ASK NCP sur-
vey4 respondents

Category
2011
n (%)

2014
n (%)

P-
value

Gender
Female 205 (96) 196 (96) 0.93
Years practicing as a dietitian
0–5 87 (41) 72 (36) 0.41
6–10 45(21) 59 (29)
>11 78 (37) 72 (36)
Geographical location
Metro/large urban 134 (63) 140 (69) 0.23
Regional 56 (26) 39 (19)
Rural or isolated 24 (11) 25 (12)
Work status
Full time 128 (61) 119 (59) 0.81
Part time 76 (36) 75 (37)
Contract/locum 7 (3) 9 (4)
Membership category
Paid work more than

20 hours a week
160 (74) 164 (81) 0.38

Paid work up to 20 hours
a week

43 (20) 32 (16)

Currently not working 6 (3) 3 (2)
Retired 0 (0) 0 (0)
Student 7 (3) 4 (2)

ASK NCP: Attitudes, Support, Knowledge in Nutrition Care
Process.
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Table 2 2011 and 2014 responses to questions of the ASK NCP survey4 statements regarding familiarity, attitudes, confi-
dence and views concerning implementation of NCP and IDNT.

Statement N

Mean (SD) Mean (SD)
2011

Total N = 218
2014

Total N = 205 P-value

Familiarity with NCP and IDNT
(1 Strongly agree, 2 Agree, 3 Neutral, 4 Disagree, 5, Strongly disagree)
I am aware of the DAA recommendation to adopt the

NCP and IDNT in Australia
2011 = 216
2014 = 201

1.95 (0.85) 1.62 (0.75) <0.001

Attitudes regarding NCP and IDNT
(1 Strongly agree, 2 Agree, 3 Neutral, 4 Disagree, 5, Strongly disagree)
The NCP and IDNT are applicable to my practice 2011 = 218

2014 = 204
1.99 (0.94) 1.91 (0.92) 0.38

I see the value of the NCP within my clinical practice 2011 = 216
2014 = 204

1.97 (0.86) 1.97 (0.10) 0.97

I see minimal benefit in changing my clinical
documentation practice to incorporate the NCP

2011 = 217
2014 = 203

3.70 (0.89) 3.49 (1.08) 0.03

I see the value of IDNT within my clinical practice 2011 = 216
2014 = 204

2.17 (0.95) 2.24 (1.08) 0.49

I see minimal benefit in changing my clinical
documentation practice to incorporate IDNT

2011 = 215
2014 = 204

3.71 (0.90) 3.48 (1.10) 0.02

I do not feel the need to change my clinical practice 2011 = 215
2014 = 203

3.69 (0.87) 3.48 (1.05) 0.02

I feel isolated from knowledgeable colleagues with
whom to discuss the NCP/IDNT

2011 = 215
2014 = 203

2.88 (1.19) 3.36 (1.26) <0.001

I feel incorporating the NCP/IDNT will improve
patient care

2011 = 216
2014 = 203

2.28 (0.91) 2.58 (1.11) 0.003

NCP/IDNT interferes with my professional autonomy 2011 = 212
2014 = 203

3.65 (0.85) 3.60 (0.91) 0.56

Generally I would prefer to continue my routine
rather than change

2011 = 213
2014 = 204

3.68 (0.95) 3.49 (0.96) 0.04

I don’t have time to use the NCP/IDNT 2011 = 213
2014 = 204

3.71 (0.81) 3.62 (0.93) 0.26

Incorporating NCP/IDNT into my current practice
will be inconvenient

2011 = 212
2014 = 204

3.53 (0.90) 3.44 (1.05) 0.32

Confidence regarding the NCP and IDNT
(1 Very confident, 2 Somewhat confident, 3 Unsure, 4 Not confident)
How confident do you feel to implement the

Nutrition Care Process into your own practice?
2011 = 218
2014 = 189

2.88 (0.98) 2.01 (0.90) <0.001

How confident do you feel to implement IDNT into
your current practice?

2011 = 218
2014 = 189

2.98 (0.99) 2.11 (0.10) 0.87

How confident do you feel in identifying nutrition
diagnosis?

2011 = 218
2014 = 189

2.49 (0.95) 1.95 (0.83) 0.54

How confident do you feel in writing PES statements? 2011 = 218
2014 = 189

2.89 (0.98) 2.10 (0.94) 0.79

Implementation of NCP/IDNT
(1 Implemented, 2 Very prepared, 3 Somewhat prepared, 4 Not very prepared, 5 Not prepared at all)
How prepared do you feel to implement NCP and

IDNT within your workplace?
2011 = 209
2014 = 203

2.86 (0.93) 2.51 (1.41) 0.003

Difficulty of Implementation
(1 Very difficult, 2 Difficult, 3 Neutral, 4 Easy, 5 Very easy)
How difficult do you think implementation will be? 2011 = 207

2014 = 190
2.76 (0.71) 2.79 (0.88) 0.65
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identified within the study reflect an increasingly conducive
environment for NCPT adoption. For example, reported
increases in educational resources, training and support and
a reduction in implementation barriers were echoed by
improvements in familiarity, knowledge, confidence and
preparation. The value of support, training and knowledge-
able colleagues and their positive effect on knowledge and
confidence is evident within the literature.9 Previous studies
found increases in knowledge and confidence following
NCPT educational sessions,3,6,10 some of which also utilised
the ASK NCP survey.3,6 Other authors have reported that
respondents were twice as likely to use aspects of NCP and
five times more likely to use IDNT if they felt their collea-
gues were confident in its use.9 The current study found a
shift towards respondents agreeing they had access to men-
tors and knowledgeable colleagues, suggesting the develop-
ment of a supportive environment for NCPT adoption.
Increases in knowledge, confidence, support and training as
well as access to knowledgeable colleagues are all likely to
contribute to supportive environments for NCPT adoption.

In contrast, we also observed some increases in negative
attitudes towards the NCPT. Attitudes are important for
change management, so this is a concern for ongoing NCPT
adoption.11 Compared with the initial survey, more respon-
dents indicated that using NCPT in documentation would

provide little benefit, including concern that other health
professionals would not read PES statements. Fewer
respondents strongly agreed that NCPT would improve
patient care, and more respondents anticipated no benefits
from NCPT incorporation. A previous study of Australian
dietitians also found a decline in respondents’ agreement
that NCPT improves patient care following implementa-
tion.6 One reason for this may be that complex clinical
patient situations are not always well accommodated by the
currently predefined NCPT terms.12 Although there are
some less supportive attitudes towards the benefits of
NCPT adoption, there were more respondents who recog-
nised multiple benefits of implementation, agreed they saw
value in NCPT use and found that NCPT was applicable to
their practice.

Professional behaviour change is multifactorial, and
many considerations and strategies need to be addressed at
individual, departmental and professional levels to facilitate
NCPT implementation.13 At the individual level, the devel-
opment of knowledge and skills was demonstrated through
increases in self-directed readings, familiarity and confi-
dence. The domains of motivation as well as behavioural
nature and regulation are also important at the individual
level. This study indicates a growth in the utilisation of the
NCPT, as well as increases in the identification of many

Table 2 Continued

Statement N

Mean (SD) Mean (SD)
2011

Total N = 218
2014

Total N = 205 P-value

Views regarding the implementation of IDNT
(1 Strongly agree, 2 Agree, 3 Neutral, 4 Disagree, 5 Strongly disagree)
Implementing the NCP/IDNT within my own

practice is important to me
2011 = 214
2014 = 204

2.26 (0.98) 2.30 (1.05) 0.74

Information on NCP/IDNT is readily available to me 2011 = 217
2014 = 204

2.90 (0.97) 2.26 (0.97) <0.001

The implications of incorporating NCP/IDNT into
practice is not clear

2011 = 218
2014 = 204

2.71 (0.98) 2.94 (0.10) 0.02

There is freedom at my workplace to implement
NCP/IDNT

2011 = 215
2014 = 204

2.22 (0.97) 2.07 (1.02) 0.12

I have access to NCP/IDNT mentors 2011 = 216
2014 = 204

3.30 (1.14) 2.74 (1.29) <0.001

Management is supportive of implementing
NCP/IDNT

2011 = 214
2014 = 204

2.43 (0.89) 2.28 (0.10) 0.12

My co-workers are supportive of using NCP/IDNT 2011 = 213
2014 = 204

2.57 (0.80) 2.41 (1.01) 0.07

There is insufficient time on the job to implement
new ideas such as NCP/IDNT

2011 = 214
2014 = 204

3.14 (1.00) 3.18 (1.08) 0.65

I have had sufficient training to feel knowledgeable
about the NCP/IDNT

2011 = 217
2014 = 204

3.81 (1.15) 2.62 (1.22) <0.001

I have had sufficient training to feel comfortable
implementing the NCP/IDNT into my practice

2011 = 217
2014 = 205

3.88 (1.11) 2.67 (1.21) <0.001

I require additional training specific to my area of
practice

2011 = 218
2014 = 205

1.90 (1.00) 2.60 (1.10) <0.001

Bolded figures represent a statistically significant finding (P <0.05).
ASK: Attitudes, Support, Knowledge; NCP: Nutrition Care Process, IDNT: International Dietetics and Nutrition Terminology; DAA: Dieti-
tians Association of Australia; PES: Problem, Etiology, Signs and Symptoms.
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Table 3 2011 and 2014 responses to the ASK NCP survey4 questions regarding knowledge; incorporation of PES statements
into practice; and identified benefits, concerns, barriers and educational enablers to implementing the NCP/IDNT.

Questions Year = N

Correct
Responses
2011 N (%)

Total N = 218

Correct
Responses
2014 N (%)

Total N = 205 P-value

Knowledge regarding NCP and IDNT
(% of correct responses from multiple choice options) (Pearson’s Chi-square test)
What is the first step in the NCP? 2011 = 218

2014 = 189
105 (48%) 119 (63%) 0.014

Aetiology is documented in which step of the NCP? 2011 = 218
2014 = 189

124 (57%) 156 (83%) <0.001

Which is not a nutrition diagnosis? 2011 = 218
2014 = 189

149 (68%) 174 (92%) <0.001

Which of the following terms is the standardised
language to use when describing insufficient
intake?

2011 = 218
2014 = 189

167 (77%) 176 (93%) <0.001

Which of the following are the domains of the
nutrition diagnosis in the NCP?

2011 = 218
2014 = 189

75 (34%) 127 (67%) <0.001

The connectors used in a PES statement are: 2011 = 217
2014 = 189

136 (63%) 175 (93%) <0.001

The nutrition diagnostic term can be found in
which portion of the PES statement?

2011 = 218
2014 = 188

122 (56%) 154 (82%) <0.001

Biochemistry/Lab values and weight status may be
used in which part of the PES statement?

2011 = 217
2014 = 189

123 (57%) 146 (77%) <0.001

Case study: Choose the response that best
describes the better choice of a PES statement
and the best rationale for that choice

2011 = 213
2014 = 188

88 (41%) 90 (48%) 0.15

Incorporation of PES statements into current practice:
Choose the statement that best applies to your

current practice:
Chosen Response

2011 N (%)
Chosen
Response
2014 N (%)

P-value

I am not sure what a PES statement is 2011 = 211
2014 = 205

44 (21%) 7 (3%)

I am not currently using PES statements:
in my charting and I do not plan to use them 2011 = 211

2014 = 205
89 (42%) 16 (8%)

in my charting but I intend to implement them
within the next three to six months

2011 = 211
2014 = 205

9 (4%) 23 (11%)

regularly but I will fully adopt them into my
practice within three months

2011 = 211
2014 = 205

24 (11%) 4 (2%)

I have incorporated PES statements into my
charting and I have used them for:
less than three months 2011 = 211

2014 = 205
16 (8%) 14 (7%)

three to six months 2011 = 211
2014 = 205

21 (10%) 19 (9%)

more than six months 2011 = 211
2014 = 205

8 (4%) 103 (50%)

I have used PES statements in the past but I am
currently not using them

2011 = 211
2014 = 205

0 (0%) 19 (9%) <0.001

What benefits do you anticipate will occur when you adopt the NCP and IDNT into your practice?
(Select all that apply)
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Table 3 Continued

Questions Year = N

Correct
Responses
2011 N (%)

Total N = 218

Correct
Responses
2014 N (%)

Total N = 205 P-value

There are no benefits 2011 = 218
2014 = 205

2 (1%) 14 (7%) 0.002

The NCP provides consistent structure and
framework for nutrition care

2011 = 218
2014 = 205

52 (24%) 145 (71%) <0.001

Standardised language provides dietitians with a
common vocabulary to identify nutrition
problems

2011 = 218
2014 = 205

52 (24%) 153 (75%) <0.001

It will allow for more concise documentation 2011 = 218
2014 = 205

34 (16%) 91 (44%) <0.001

It will allow for more consistent care when patients
transfer services

2011 = 218
2014 = 205

43 (20%) 114 (56%) <0.001

It will encourage critical thinking 2011 = 218
2014 = 205

39 (18%) 112 (55%) <0.001

It will facilitate communication with other health
care professionals

2011 = 218
2014 = 205

33 (15%) 71 (35%) <0.001

It will assist in helping dietitians become
recognised as more valuable team members

2011 = 218
2014 = 205

34 (16%) 63 (31%) <0.001

It will improve patient care 2011 = 218
2014 = 205

29 (13%) 61 (30%) <0.001

It will be helpful with the introduction of electronic
health records

2011 = 218
2014 = 205

39 (18%) 98 (48%) <0.001

It will help with training of dietetic students(a) 2014 = 205 — 93 (45%) —

It will assist with the evaluation of patient/client
care(a)

2014 = 205 — 105 (51%) —

It will support research on patient outcomes(a) 2014 = 205 — 78 (38%) —

What are your main concerns about adopting Nutrition Care Process and IDNT in your practice?
(Select all that apply)
It will decrease productivity during implementation 2011 = 218

2014 = 205
54 (25%) 53 (26%) 0.82

I feel that the NCP will take away from my patient
contact time

2011 = 218
2014 = 205

18 (8%) 18 (9%) 0.86

I have difficulty determining PES statements 2011 = 218
2014 = 205

71 (33%) 60 (29%) 0.53

I am concerned that the NCP will move my
practice from individualised care plans to
generalised care

2011 = 218
2014 = 205

34 (15%) 31 (15%) 1.00

I am concerned that other health care professionals
will not read the nutrition diagnosis (PES)
statements

2011 = 218
2014 = 205

54 (25%) 73 (36%) 0.02

I do not have any concerns about adopting the
NCP and standardised language

2011 = 218
2014 = 205

62 (28%) 59 (29%) 1.00

What are the current barriers to you implementing the NCP/IDNT?
(Select all that apply)
Lack of knowledge 2011 = 218

2014 = 205
147 (67%) 73 (36%) <0.001

Time 2011 = 218
2014 = 205

87 (40%) 84 (41%) 0.84

Resources 2011 = 218
2014 = 205

74 (34%) 42 (21%) 0.002

Organisational constraints 2011 = 218 42 (20%) 31 (15%) 0.30
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Table 3 Continued

Questions Year = N

Correct
Responses
2011 N (%)

Total N = 218

Correct
Responses
2014 N (%)

Total N = 205 P-value

2014 = 205
Training and support 2011 = 218

2014 = 205
132 (61%) 80 (39%) <0.001

Management support(a) 2014 = 205 — 29 (14%) —

Electronic health records unavailable(a) 2014 = 205 — 44 (22%) —

Do not see a reason to change(a) 2014 = 205 — 34 (17%) —

Which type of educational opportunities or ‘enablers’ for adopting NCP/IDNT have you experienced?
(Select all that apply)
Presentations 2011 = 218

2014 = 205
53 (24%) 100 (49%) <0.001

Workshops 2011 = 218
2014 = 205

37 (17%) 74 (36%) <0.001

Readings sent out 2011 = 218
2014 = 205

33 (15%) 52 (25%) 0.011

Department meetings 2011 = 218
2014 = 205

56 (26%) 95 (46%) <0.001

Self-directed readings 2011 = 218
2014 = 205

66 (30%) 104 (51%) <0.001

Webinars 2011 = 218
2014 = 205

70 (32%) 119 (58%) <0.001

Internet site (of our Dietetic Organisation) 2011 = 218
2014 = 205

54 (25%) 71 (35%) 0.03

Internet site (Of the ‘Academy’) 2011 = 218
2014 = 205

27 (12%) 35 (17%) 0.22

Internet site (of the ICDA: International
Confederation of Dietetic Associations)(a)

2014 = 205 — 18 (9%) —

Management support(a) 2014 = 205 — 52 (25%) —

Electronic health records(a) 2014 = 205 — 10 (5%) —

Taught at university(a) 2014 = 205 — 47 (23%) —

Do you feel with further training and support that you will feel confident to implement NCP & IDNT within your work practice and
use for clinical documentation?

Yes 2011 = 209
2014 = 197

175 (84%) 143 (73%) 0.004

Which terms have you incorporated into your charting? (Select all that apply):
Assessment: 2011 = 218

2014 = 205
78 (36%) 111 (54%) <0.001

Diagnosis(a) 2014 = 205 — 145 (71%) —

Intervention 2011 = 218
2014 = 205

72 (33%) 90 (44%) 0.03

Monitoring and evaluation 2011 = 218
2014 = 205

64 (29%) 85 (42%) 0.01

None(a) 2014 = 205 — 29 (14%) —

How are the NCP and IDNT documented in your workplace?(b)

Manual or paper 2014 = 205 — 138 (67%) —

Electronic 2014 = 205 — 60 (30%) —

How long have you been using the NCP and IDNT?(b)

0 months 2014 = 179 — 32 (18%) —

6 months 2014 = 179 — 37 (21%) —
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benefits, showing that many respondents have been moti-
vated to undergo behavioural change. Whilst many steps
towards successful implementation have been achieved,
becoming complacent about the conflicting attitudes of
the profession may be a risk to long-term implementa-
tion. For a successful change, new approaches need to be
embedded into organisational culture.14 As a result, with-
out attitudes supporting the use of NCPT, long-term
adoption and effective use may be at risk. In the present
study, 85% of respondents reported they saw reason to
change. The literature recognises that everyone adapts to
change differently, and results show that many respon-
dents are ready to change; however, the remainder may
need to see the effects of change before they are ready to
adopt it.15 Our study results showed that changes to
knowledge, skills and behaviour have occurred at an indi-
vidual level.

Whilst behaviour change on an individual level is evi-
dent, inconsistent attitudes towards implementation are
apparent. Change must align with people’s beliefs and
values in order to influence human behaviour.7,14 Benefits
from NCPT implementation, such as improved productiv-
ity, communication and identifying diagnosis resolution
rates, have been reported.1 The increasing use of electronic
health records provides a unique opportunity to enable
prompt NCPT documentation as well as automated reports
of nutritional diagnoses resolution, thus demonstrating die-
tetic effectiveness.

As electronic health records continue to gain traction
in Australia, attitudes may become more supportive of
NCPT implementation in the future. Early studies utilis-
ing NCPT within electronic health records suggests it
improves documentation time, quality and consistency.16

In addition, it records nutrition diagnosis resolution and
allows for the analysis of intervention effectiveness within
specific medical diagnoses. Dietitians have reported that
electronic NCPT would be useful in quality control,
investigating intervention effectiveness and justifying the
role of dietitians on a productivity basis.16 Therefore, it is
predicted that using NCPT as an electronic tool within

electronic health records will improve attitudes in the
future.

At the departmental level, multiple domains, including
beliefs concerning capabilities and consequences, as well as
decision processes, environmental contexts and social influ-
ences, are pertinent. Respondents identified Vital para-
meters for fostering an NCPT-supportive environment
included department meetings, having access to knowledge-
able colleagues and educational enablers. Implementation
models indicate that successful implementation requires a
supportive departmental environment with social influences
that empower dietitians to discuss and use the NCPT.17

This could be achieved through strategies such as depart-
mental meetings and discussing solutions to incorporation
into standard practice, as well as professional development
or case study discussions.6 This is proposed to promote
motivation and engrain the NCPT framework into the
mindset of the dietetic professional.

At the professional level, determinants of successful
implementation include management support, resource
availability, policies and practices supporting implementa-
tion and production of a climate receptive to change.7,17 Of
these important parameters, appreciation of the value of
management support as an enabler has now been acknowl-
edged through the addition of specific questions within the
2014 survey. Additionally, professional organisations such
as the DAA18 and the International Confederation of Die-
tetic Associations19 recommend the adoption of NCPT, and
survey respondents indicate substantial improvements in
resource availability. Respondents perceived increases in
training and support as well as resources. The use of
resources is evident from increases in access to relevant
websites and webinars and a reduction of barriers such as
resources, lack of knowledge and training and support.
Both surveys confirmed the value of management support
for NCPT implementation by professionals. Ensuring con-
tinued support from professional dietetic organisations,
experienced clinical or managerial colleagues and the sup-
portive health systems infrastructure will provide a strong
basis for ongoing NCPT implementation nation-wide.

Table 3 Continued

Questions Year = N

Correct
Responses
2011 N (%)

Total N = 218

Correct
Responses
2014 N (%)

Total N = 205 P-value

12 months 2014 = 179 — 23 (13%) —

18 months 2014 = 179 — 24 (13%) —

2 years 2014 = 179 — 31 (17%) —

3 years 2014 = 179 — 25 (14%) —

4 years 2014 = 179 — 4 (2%) —

5 years 2014 = 179 — 3 (2%) —

Bolded figures represent a statistically significant finding (P < 0.05).
ASK, Attitudes, Support, Knowledge; NCP, Nutrition Care Process; PES, Problem Etiology, Signs and Symptoms; IDNT, International Die-
tetics and Nutrition Terminology.
(a) Option was not available in 2011 survey.
(b) Question was not included in 2011 survey.
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Multiple factors identified as important for successful
behaviour change have been addressed during the NCPT
implementation, but not all.17 Individual development of
knowledge and skill needs to continue in order to provide
a supportive climate for successful behaviour change. The
need to provide ongoing support at both a department level
and a professional level was highlighted by respondents
and thus needs to be sustained and strengthened to suc-
cessfully continue change implementation. Regular periodic
surveys will enable the ongoing assessment of changes in
attitudes as well as the effectiveness of implementation stra-
tegies at individual, departmental and professional levels to
ensure continued support and enhancement of NCPT
implementation.

Broader implementation will offer opportunities to build
the evidence regarding both the long- and short-term value
of NCPT in patient care, outcomes and service manage-
ment. Valuable studies would include monitoring and mea-
suring health outcomes of nutrition interventions as well as
communication with other allied health and medical staff. It
is also important to continue to evaluate attitudes and per-
ceived barriers, in years to come, so that NCPT continues
to evolve with the profession. In addition, the introduction
of electronic health records provides a new opportunity to
design an effective data collection and patient outcome
monitoring system by routinely incorporating the NCPT
within these records as part of standard practice. This
makes it easier to investigate dietetic care in the framework
of NCPT. For example, the incorporation of the NCPT has
been shown to result in improved monitoring and ability to
resolve nutrition diagnoses.20 NCPT.

Strengths of this study included the use of a validated
survey and respondents’ completion of all questions once
commencing the survey. The sample size at both time
points was relatively small compared to overall profession
numbers; however, both samples were representative of
DAA membership in terms of years of practice and gender.
Dietitians have implemented only certain aspects of the
NCPT, and so, views concerning the full value of NCPT are
yet to be reflected. The use of predefined questions regard-
ing views and attitudes potentially limited some responses;
however, we aimed to capture key qualitative themes by
including opportunities for comments using text boxes.

The findings of this study have multiple implications for
dietetics at individual, departmental and professional levels.
This study highlights the value of individual accessibility to
supportive information and colleagues, as well as the need
for departmental expectations of NCPT integration into
standard practice. On a professional level, NCPT’s integra-
tion into electronic health records can provide the opportu-
nity for collaboration across institutions, including health
and professional organisations at district, state, national and
international levels.

Knowledge, attitudes and implementation of the NCPT
has progressed over three years. There are now fewer
implementation barriers; however, some respondents still
do not see sufficient reason to adopt the NCPT. Further
studies to increase the evidence base regarding attitudes,

benefits and ongoing practitioner support, focussing at the
departmental and professional level, are recommended.
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Abstract
Aim: The present study aimed to describe referral patterns of general practitioner (GP) registrars to dietitians/nutri-
tionists. There is a paucity of research regarding GP referral patterns to dietitians/nutritionists. Limited data show
increasing referrals from established GPs to dietitians/nutritionists. There are no data on GP registrar (trainee)
referrals.
Methods: This was a cross-sectional analysis of data from the Registrar Clinical Encounters in Training (ReCEnT)
study. ReCEnT is an ongoing, multicentre, prospective cohort study of registrars, which documents 60 consecutive
consultations of each registrar in each of the three six-month GP training terms. The outcome factor in this analysis
was a problem/diagnosis resulting in dietitian/nutritionist referral (2010–2015). Independent variables were related
to registrar, patient, practice and consultation.
Results: A total of 1124 registrars contributed data from 145 708 consultations. Of 227 190 problems/diagnoses,
587 (0.26% (confidence interval: 0.23–0.29)) resulted in dietitian/nutritionist referral. The most common problems/
diagnoses referred related to overweight/obesity (27.1%) and type 2 diabetes (21.1%). Of referrals to a dietitian/
nutritionist, 60.8% were for a chronic disease, and 38.8% were related to a Chronic Disease Management plan. Dieti-
tian/nutritionist referral was significantly associated with a number of independent variables reflecting continuity of
care, patient complexity, chronic disease, health equity and registrar engagement.
Conclusions: Established patients with chronic disease and complex care needs are more likely than other patients
to be referred by registrars to dietitians/nutritionists. Nutrition behaviours are a major risk factor in chronic disease,
and we have found evidence for dietitian/nutritionist referrals representing one facet of engagement by registrars
with patients’ complex care needs.

Key words: chronic disease, education, general practice, medical graduate, nutritionist, referral.

Introduction

Medical nutrition therapy is an important management tool
for a number of acute and chronic conditions, and dieti-
tians are trained specifically in the field of applying nutri-
tion therapy to medical conditions. Much dietetic input
into acute disease management is undertaken in secondary
care, mainly hospitals, but dietetic involvement in chronic
disease, especially lifestyle-related chronic disease, is dealt
with predominantly in the primary care sector.1

Nutrition and diet are widely acknowledged to be major
factors in the prevention and treatment of chronic disease.2

The increasing prevalence of chronic diseases has been
recognised by the World Health Organization (WHO) as a
global health burden.2 Chronic diseases are common in
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Australia and are the leading cause of illness, disability and
death, accounting for 90% of deaths in 2011.3

A study of established general practitioners (GPs) in
Australia found that approximately 40% of consultations
included chronic disease management (CDM).4 These GPs
often encounter presentations of chronic disease where
nutrition is a significant factor, with hypertension (8 per
100 consultations), diabetes (4 per 100 consultations) and
lipid disorders (3 per 100 consultations) being among the
most frequently managed conditions.4 In addition to this,
more than half of adult general practice patients are classed
as overweight or obese.5 As Australia’s ageing population
continues to grow, so too will the prevalence of chronic
disease and the burden this places on health service
provision.6

The GP consultation offers an opportunity to provide
lifestyle modification advice and/or refer patients to allied
health practitioners, such as dietitians, podiatrists, phy-
siotherapists and exercise physiologists. Data from estab-
lished GPs in Australia found that almost 10% of all non-
pharmacological clinical treatments were related to counsel-
ling or advice for nutrition/weight and that this occurred in
3.8 per 100 consultations.4 A review looking at the role of
GPs and dietitians in patient nutrition management has
identified a number of barriers to GPs providing nutrition
education, including limited nutrition training, a lack of
knowledge and skills, a lack of time, inadequate reimburse-
ment and difficulty translating knowledge into practice.7 A
multidisciplinary approach to health care has been shown
to be an effective approach to improving patient health out-
comes8 and is routinely recommended internationally.9–13

Furthermore, advice from dietitians has been found to be
more effective than advice from GPs in reducing blood cho-
lesterol levels,14 and the combined care of a GP and dieti-
tian has been demonstrated to be more effective in
addressing weight management and hypertension compared
to individual GP or dietitian management.15 Thus, patterns
of GP referral to dietitians to provide specialist nutrition
counselling and education is of considerable clinical
significance.

There is very little research regarding the referral patterns
to dietitians/nutritionists from GPs. Limited data show that
the rate of referral from established GPs to dietitians/nutri-
tionists has been increasing steadily over time,16 coinciding
with an increase in the private practice dietetics
workforce.17

GP registrars (vocational trainees in general practice) are
a group of particular interest with regard to dietetic refer-
rals. They are entering practice and establishing future clini-
cal behaviour at a time when the multidisciplinary team
approach in general practice is becoming well-accepted. A
study of Australian GP registrars found that, compared to
their established GP colleagues, a considerably smaller pro-
portion (30%) of consultations included a chronic dis-
ease.18 However, there are no data on registrar dietetic
referrals. The present study aimed to fill this evidence gap
and describe the referral patterns of GP registrars to dieti-
tians/nutritionists. The Registrar Clinical Encounters in

Training (ReCEnT) study of GP registrars’ clinical practice
provides a means of addressing this issue.

Methods

This was a cross-sectional analysis of data from the ReCEnT
study. ReCEnT is an ongoing, multicentre, prospective
cohort study of GP registrars in 5 of the 17 regional training
providers (RTPs) that encompass the whole of Australia.
Participating RTPs were located in five of the six Australian
states. Registrars in general practice training posts operate
within an apprenticeship-like model (with access to advice
and assistance when needed from a senior GP supervisor)
but with considerable autonomy, including the capacity to
make referrals equivalent to their more experienced GP
peers.

In ReCEnT, registrars document the nature and associa-
tions of their in-practice consultation-based clinical and
educational experiences. The study protocol is described in
detail elsewhere.19 Briefly, registrar demographics and prac-
tice data are documented at the start of each data collection
period (6-monthly for full-time registrars, 12-monthly for
part-time registrars). At approximately the mid-point of
each of a registrar’s three six-month (full-time equivalent)
general practice training terms, registrars complete paper-
based forms recording details of 60 consecutive consulta-
tions. These details include the patient demographics and
clinical aspects of each consultation.

The outcome factor in the present study was whether a
problem/diagnosis resulted in referral to a dietitian/nutri-
tionist. We defined referral to a dietitian or nutritionist as
those referrals coded as International Classification of Pri-
mary Care, second edition classification system (ICPC-2
plus) codes D66 001 (Referral; dietitian/nutrition) and A66
016 (Referral; dietitian/nutritionist).

Independent variables related to registrar, practice,
patient and consultation. Registrar variables were: age, gen-
der, training term, whether in full-time or part-time (less
than 32 hours per week) training, place of primary medical
qualification (Australia or international) and whether the
registrar had worked at the practice in a previous term. The
RTP with which the registrar trained was also an independ-
ent variable.

Practice variables recorded were: size (small practice con-
sidered less than six doctors) and whether the practice rou-
tinely bulk bills (i.e. government subsidy is accepted as full
payment, and there is no cost to the patient). Practice post-
code was used to determine the Australian Standard Geo-
graphical Classification-Remoteness Area classification to
define the practice locations’ degree of rurality (very remote,
remote, outer regional, inner regional or major city loca-
tion)20 and Socioeconomic Index for Area Index of
Disadvantage.21

Patient variables recorded were: age, gender, Aboriginal
or Torres Strait Islander status, non-English-speaking back-
ground status, the patient being new to the practice and the
patient being new to the registrar.
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Consultation variables recorded were: duration, the nature
and number of problems/diagnoses managed and whether
pathology or imaging tests were ordered or follow up
arranged. Educational factors included whether the trainee
sought advice or information during the consultation (from
their supervisor or other resources, such as specialists, books
or electronic resources) or generated learning goals.

Two further consultation variables recorded (but not
included as independent variables in multivariable analyses)
were billing and the problems/diagnoses managed in the
consultation. The means of billing (bulk billing, private bill-
ing, etc.) and individual billing items (using Medicare Bene-
fits Schedule (MBS) item numbers) were recorded.
Problems/diagnoses were coded according to the Interna-
tional Classification of Primary Care, second edition classifi-
cation system (ICPC-2 plus). Problems/diagnoses were also
classified as being new or pre-existing and as being a
chronic disease (classified according to the methodology of
O’Halloran et al.)22 or not. For descriptive purposes, indi-
vidual ICPC-2 codes were grouped with clinically congru-
ent codes to create clinically meaningful categories of
problems/diagnoses. The grouping was performed collabo-
ratively by two members of the research team, a dietitian
and a GP.

The analyses in the present study used data from 11 col-
lection periods during 2010–2015. Individual RTPs partici-
pated in 3–11 rounds of data collection, depending on each
RTP’s date of commencement in the study.

The unit of analysis was the individual problem/diagno-
sis rather than the registrar consultation.

The proportion of problems/diagnoses resulting in a
referral to a dietitian/nutritionist was calculated with 95%
confidence intervals (CI).

Initial univariate analyses of relationships between inde-
pendent variables and the outcome were performed using
Chi-squared and Wilcoxon rank-sum tests for categorical
and continuous variables, respectively.

To test associations of a problem/diagnosis being referred
to a dietitian/nutritionist, simple and multiple logistic
regression were used within a generalised estimating equa-
tion (GEE) framework to account for the repeated measures
within registrars. All variables with a p-value <0.2 and rele-
vant effect size in the univariate analysis were included in
the multiple regression models. Variables that had a small
effect size and were no longer significant in the multivariate
model were removed from the final model as long as
removal of the variable did not change the resultant model.

In an ad hoc analysis, the odds ratio for consultations
resulting in referrals to dietitians/nutritionists being bulk-
billed was calculated using simple logistic regression within
a GEE framework.

Statistical analyses were completed using Stata 13.1 (Sta-
taCorp. 2013. College Station, Texas). Variables were con-
sidered significant if the P-value was <0.05.

The ReCEnT project has approval from the University of
Newcastle Human Research Ethics Committee, Reference
H-2009-0323. Compliance with STROBE has been
addressed separately.

Results

A total of 1124 registrars (response rate 95.7%) contributed
data from 145 708 consultations to the analysis. The demo-
graphics of registrars and practices and consultation vari-
ables are presented in Appendix I. Of 227 190 problems/
diagnoses, 587 (0.26% (95% CI: 0.23–0.29)) resulted in
the referral to a dietitian/nutritionist.

The most common problems/diagnoses referred to a die-
titian/nutritionist were related to overweight/obesity, type
2 diabetes/pre-diabetes, elevated lipids and gastro-intestinal
symptoms. The 12 most common problems/diagnoses
referred to a dietitian/nutritionist are presented in Table 1.
Of all referrals to a dietitian/nutritionist, 60.8% were for a
chronic disease.

Of the referrals to a dietitian/nutritionist, 38.8% were
related to a CDM plan (MBS items 721, 723, 732). Further-
more, 70.2% of consultations that resulted in referral to a
dietitian/nutritionist were bulk-billed by the registrar, and
there was a significant association of referral to a dietitian/
nutritionist with bulk-billing of the consultation.

Characteristics associated with referral to a dietitian/
nutritionist are presented in Table 2. The multiple logistic
regression models for referral to a dietitian/nutritionist are
presented in Table 3. In the adjusted model, patient age
(15–64 years) and being an existing patient of the registrar
and of the practice were significantly associated with refer-
ral to a dietitian/nutritionist. There were no significant reg-
istrar variables associated with referral.

Practice variables associated with referral to a dietitian/
nutritionist were smaller practice size and being a wholly
bulk-billing practice.

Consultation variables associated with referral to a dieti-
tian/nutritionist included longer consultation duration,
more problems per consultation, ordering less imaging,
ordering more pathology and the problem/diagnosis being
a chronic disease. Additionally, referral to a dietitian/nutri-
tionist was significantly associated with the registrar

Table 1 The most common problems/diagnoses referred to
a dietitian/nutritionist

Problems/diagnoses
Percentage of total
problems referred

Overweight and obesity 27.1
Type II diabetes and pre-diabetes 21.1
Elevated lipids 7.0
Gastro-intestinal symptoms 6.9
Cardiovascular disease 3.4
Allergy/intolerance

including coeliac disease
3.1

Primary prevention 2.8
Musculoskeletal disease/injury 2.4
Nutrient deficiency and anaemia 1.6
Fatty liver 1.5
Polycystic ovary syndrome 1.5
Eating disorders 1.3

Katie J. Mulquiney et al.
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Table 2 Characteristics associated with referral to dietitian/nutritionist (n = 227 190)

Referral to dietitian/nutritionist

Variable Class No (n = 226 603) Yes (n = 587) P

Patient age 0–14 30 989 (99.9) 23 (0.1) <0.001
15–34 58 037 (99.7) 152 (0.3)
35–64 90 417 (99.7) 312 (0.3)
65+ 43 698 (99.8) 92 (0.2)

Patient gender Male 81 858 (99.8) 199 (0.2) 0.23
Female 138 751 (99.7) 379 (0.3)

Aboriginal or Torres Strait Islander No 211 044 (99.7) 3103 (99.7) 0.65
Yes 547 (0.3) 10 (0.3)

NESB No 200 616 (99.7) 518 (0.3) 0.74
Yes 15 197 (99.7) 41 (0.3)

Patient/practice status Existing patient 99 336 (99.6) 437 (0.4) <0.001
New to registrar 109 789 (99.9) 119 (0.1)
New to practice 15 003 (99.9) 19 (0.1)

Registrar gender Male 75 507 (99.8) 180 (0.2) 0.35
Female 151 096 (99.7) 407 (0.3)

Registrar FT or PT Part time 50 502 (99.7) 130 (0.3) 0.90
Full time 170 928 (99.7) 435 (0.3)

Training term/post Term 1 97 289 (99.8) 234 (0.2) 0.22
Term 2 69 573 (99.7) 193 (0.3)
Term 3 59 741 (99.7) 160 (0.3)

Qualified as doctor in Australia No 45 064 (99.7) 122 (0.3) 0.69
Yes 179 464 (99.7) 463 (0.3)

Worked at the practice before No 166 418 (99.7) 435 (0.3) 0.92
Yes 57 029 (99.7) 145 (0.3)

Practice size1 Small 77 809 (99.7) 237 (0.3) 0.035
Large 143 411 (99.8) 331 (0.2)

Practice routinely bulk bills No 185 208 (99.8) 441 (0.2) 0.003
Yes 40 242 (99.6) 142 (0.4)

Rurality Major city 130 200 (99.7) 344 (0.3) 0.97
Inner regional 59 017 (99.7) 149 (0.3)
Outer regional/remote/very remote 37 386 (99.7) 94 (0.3)

RTP 1 61 373 (99.7) 192 (0.3) 0.67
2 32 377 (99.8) 66 (0.2)
3 28 386 (99.9) 41 (0.1)
4 96 990 (99.7) 256 (0.3)
5 7478 (99.6) 32 (0.4)

Is the problem new? No 92 451 (99.6) 336 (0.4) <0.001
Yes 114 969 (99.8) 204 (0.2)

Any sources used No 191 982 (99.7) 487 (0.3) 0.54
Yes 34 621 (99.7) 100 (0.3)

Any imaging ordered No 209 375 (99.7) 578 (0.3) <0.001
Yes 17 228 (99.9) 9 (0.1)

Any pathology ordered No 187 614 (99.7) 473 (0.3) 0.25
Yes 38 989 (99.7) 114 (0.3)

Any learning goals generated No 181 379 (99.8) 422 (0.2) <0.001
Yes 35 967 (99.6) 139 (0.4)

Any follow up organised No 126 443 (99.8) 247 (0.2) <0.001
Yes 100 160 (99.7) 340 (0.3)

Chronic disease No 177 815 (99.9%) 230 (0.1%) <0.001
Yes 48 385 (99.3%) 357 (0.7%)

Registrar age Mean (SD) 32.6 (6.3) 32.5 (5.8) 0.70
SEIFA decile Mean (SD) 5.4 (2.9) 5.1 (2.7) 0.11
Consultation duration Mean (SD) 18.9 (9.9) 25.4 (12.2) <0.001
Number of problems Mean (SD) 2.0 (1.0) 2.5 (1.0) <0.001
Number of pathology tests ordered Mean (SD) 0.5 (1.5) 0.7 (1.9) 0.001

1
‘Practice size’ – ‘Small’ refers to practices with five or less GPs and ‘Large’ refers to practices with six or more GPs.

NESB, non-English-speaking background; RTP, regional training provider; SEIFA, Socioeconomic Index for Area.
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organising in-practice follow up and generating more learn-
ing goals.

Discussion

Registrar rates of referral to dietitians/nutritionists are com-
parable to those of established GPs, with registrars making
0.26 referrals per 100 problems (compared to 0.2 per
100 problems in established GPs) and 0.40 per 100 consul-
tations (compared to 0.4 per 100 consultations in estab-
lished GPs).16

A number of important considerations emerged from our
results concerning continuity of care, patient complexity,
registrar engagement, chronic disease and health equity.

The significant associations of a longer consultation time,
chronic disease, more problems per consultation, ordering
more pathology and the generation of registrar learning
goals taken together are likely to reflect an increased medi-
cal complexity of the patients being referred to a dietitian/
nutritionist. The significant association of registrars generat-
ing learning goals, as well as reflecting complexity, could
also reflect the limited nutrition content of undergraduate
and postgraduate medical education and training.7 This
finding supports the demonstrated barrier of a lack of nutri-
tion knowledge preventing GPs from providing nutrition
counselling.7,23

The significant associations of longer consultation time,
organising in-practice follow up and the patient having
been seen previously by the registrar suggest an element of
continuity of care between the registrar and patients
referred to dietitians/nutritionists. The implication is that
referrals to a dietitian/nutritionist are part of an ongoing
engagement with the patient rather than an expedient ‘tri-
age’ to the dietitian. The increased likelihood of a registrar
generating a learning goal when referring to a dietitian/

nutritionist further demonstrates registrar engagement with
the nutrition-related problem/diagnosis encountered during
the consultation.

This level of registrar engagement has not always been
evident in other ReCEnT analyses. Analyses of continuity
of care in registrars’ consultations, and of consultations
with older patients and patients with chronic disease,
have suggested limited therapeutic engagement in these
areas.18,24,25 This analysis’ finding of a non-significant
trend for older patient age being associated with less die-
titian/nutritionist referral than middle-aged patients
(despite increasing diet-related morbidity with age2) may
reflect a general lack of engagement with the management
of older patients,18,24,25 being evident also in diet-related
aspects of health.

The role of medical practitioners and dietitians/nutrition-
ists in the management of the increasing burden of chronic
disease is highlighted in multiple areas of the results. Over
half (60.8%) of referrals were for a chronic disease; almost
40% of referrals related to a CDM plan; and the top three
reasons for referral were associated with overweight/obesity,
type 2 diabetes/pre-diabetes or elevated lipid levels. Clinical
guidelines for the management of overweight/obesity, dia-
betes and coronary heart disease either encourage or recom-
mend referral to a dietitian in the multidisciplinary
management of these conditions both in Australia and
internationally.9–13,26–29 Our data do not allow us to assess
what proportion of all patients with particular conditions
receive referrals to dietitians/nutritionists at any point
(i.e. at consultations not recorded in our limited data collec-
tion period, or referrals from non-GPs, or self-referrals).
However, the total referrals for chronic disease (0.16%)
may appear to be low given the high prevalence of type
2 diabetes (12%),30 pre-diabetes (16%)31 and overweight/
obesity (63%)32 in the Australian adult population. It is not

Table 3 Predictors of referring to a dietitian/nutritionist: Simple and multiple logistic regression1

Univariate Adjusted

Variable Class OR (95% CI) P OR (95% CI) P

Patient age 15–34 3.41 (2.19–5.32) <0.001 1.77 (1.08–2.89) 0.023
Referent: 0–14 35–64 4.44 (2.89–6.83) <0.001 1.81 (1.12–2.93) 0.015

65+ 2.69 (1.69–4.27) <0.001 0.79 (0.46–1.33) 0.37
Practice bulk bills Yes 1.43 (1.13–1.80) 0.003 1.40 (1.11–1.75) 0.004
Patient/practice status New to practice 0.24 (0.19–0.30) <0.001 0.31 (0.25–0.40) <0.001

New to registrar 0.26 (0.16–0.42) <0.001 0.24 (0.14–0.41) <0.001
Practice size Large 0.80 (0.66–0.98) 0.035 0.82 (0.69–1.00) 0.048
Consultation duration 1.04 (1.04–1.05) <0.001 1.03 (1.02–1.04) <0.001
Number of problems 1.60 (1.48–1.74) <0.001 1.27 (1.16–1.40) <0.001
Imaging ordered Yes 0.17 (0.09–0.35) <0.001 0.17 (0.08–0.36) <0.001
Generated learning goal Yes 1.65 (1.34–2.02) <0.001 1.49 (1.12–1.85) <0.001
Follow up organised Yes 1.76 (1.48–2.09) <0.001 1.27 (1.05–1.54) 0.015
Chronic disease Yes 5.67 (4.74–6.78) <0.001 4.36 (3.55–5.36) <0.001
Is the problem new? Yes 0.49 (0.41–0.59) <0.001 0.97 (0.79–1.19) 0.80
Number of pathology tests ordered 1.08 (1.03–1.22) 0.001 1.08 (1.03–1.14) 0.002

1 Once the initial multivariable model was constructed, one covariate had a small effect size and was no longer significant and so was tested
for removal from the model. The removal of ‘SEIFA Decile’ did not substantively alter the model, so this covariate was not included in the
final model.
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clear, despite the suggestive referral patterns found in our
analysis, whether dietitians/nutritionists are being involved
to an optimal extent in the general practice management of
these patients. Previous research of Australian GPs has iden-
tified perceived barriers to GPs making a referral to a dieti-
tian, including cost to the patient, accessibility of dietitian
services, patient willingness to attend a dietetic consultation
and whether the GP considers the patient capable of com-
mitting to dietary change.23,33 These barriers may be contri-
buting to what appear to be quite modest numbers of
referrals found in the present study.

Aspects of health equity with regards to dietitian/nutri-
tionist referral were evident in our results, with registrars in
fully bulk-billing practices more likely to refer, along with a
large proportion of referrals being related to a CDM plan.
Consultations that resulted in referral to a dietitian/nutri-
tionist were more likely to be bulk-billed compared to those
that did not refer. These factors assist individuals by redu-
cing the costs associated with both the GP consultation
and/or the dietitian/nutritionist consultation. In Australia,
chronic disease is more common and of greater severity in
lower socioeconomic populations.3 Bulk billing and CDM
plans provide greater access to health services, which may
not have been utilised by some patients due to the associ-
ated financial costs. A caveat to this interpretation, however,
is that the socioeconomic status of the area in which the
practice is located was not associated with dietitian/nutri-
tionist referral.

We also found that referrals to a dietitian/nutritionist
were more likely to come from registrars working in smal-
ler practices. We hypothesise that our finding may be due
to smaller practices lacking support staff, for example,
practice nurses, diabetes educators/nurses, who are able to
deliver general nutrition-related services such as weight
loss groups, general nutrition education and diabetes-
specific education. The absence of these additional support
staff may result in these services being delivered by a
dietitian.

The present study had a number of strengths, including
the large sample size (145 708 individual consultations),
high response rate (95.7%),34 generalisability of results
(data collected from five of Australia’s six states from prac-
tices located across all urban/rural classifications) and the
large number of independent variables collected. To our
knowledge, this is the first study to look at the patterns and
associations of referrals to dietitians/nutritionists from GP
registrars.

A limitation of the study is that, using the ICPC-2 coding
system, we were unable to distinguish whether the referral
was for a dietitian or nutritionist. However, we can infer
from the high proportion of referrals associated with a
CDM plan that a substantial number of referrals were in fact
made to Accredited Practising Dietitians (APD) (as a dieti-
tian must be a registered APD to obtain a Medicare Provider
number, which is required for billing a CDM plan visit).
Also, the data do not indicate whether the referral was
requested by the patient or initiated by the registrar nor
does it allow for us to know if the patient actually used the

referral to attend a dietitian/nutritionist consultation. We
also do not know if a referral was not made because the
patient declined the registrar’s offer.

Implications of our findings are in the context of regis-
trars being the frontline medical practitioners as over-
weight/obesity and diabetes progress towards epidemic
proportions. Further education for GPs and registrars
regarding the wide range of clinical conditions, including
chronic diseases, which dietetic input can assist with, is
warranted, with the aim of increasing appropriate referrals
and improving health outcomes. From a dietetics perspec-
tive, not only is it important to establish strong relation-
ships with referring GPs35 but to also recognise that, in the
case of registrars, they are more likely to refer established
patients with whom they have engaged with in practice.
Effective multidisciplinary collaboration of GPs and dieti-
tians/nutritionists is needed to facilitate appropriate referrals
and further management.

There is scope for further research into the nature, rate
and associations of referrals from GPs to dietitians/nutri-
tionists that may inform this multidisciplinary collabora-
tion. Additionally, qualitative enquiry could explore the
issue of whether GP registrars experience similar barriers to
collaboration with dietitians/nutritionists to those demon-
strated in their established GP colleagues and associated
educational implications.

In conclusion, the present study provides evidence for
registrars especially referring established patients with com-
plex care needs to dietitians/nutritionists. Nutrition beha-
viours are a major risk factor in chronic disease, and our
evidence for dietitian/nutritionist referrals represents one
facet of considerable engagement by registrars with these
patients’ complex care needs. Monitoring of referral patterns
assists with assessing strategies to align practice with
evidence-based guidelines and enhance multidisciplinary
collaboration.
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APPENDIX I

Participating trainee, trainee term and practice characteristics

Variable Class n % (95% CI) or Mean � SD

Registrar variables (n = 1124)
Registrar gender Female 74 666.4% (63.6–69.1)
Qualified as a doctor in Australia Yes 88 979.9% (77.4–82.1)
Registrar age (years) Mean � SD 32.4 � 6.3

Registrar-terma and practice-term variables (n = 2453)
Registrar training term Term 1 103 342.1% (40.2–44.1)

Term 2 76 631.2% (29.4–33.1)
Term 3 65 426.7% (24.9–28.4)

Registrar worked at the practice
previously

Yes 61 525.4% (23.7–27.2)

Registrar works full time Yes 186 077.6% (75.9–79.3)
Practice routinely bulk billsb Yes 43 417.8% (16.3–19.4)
Number of GPs working at the

practice
1–5 82 734.5% (32.7–36.5)

6+ 156 765.5% (63.5–67.3)
Rurality of practice Major city 140 857.4% (55.4–59.3)

Inner regional 64 326.2% (24.5–28.0)
Outer regional, remote or very

remote
40 216.4% (15.0–17.9)

SEIFAc Index (decile) of practice Mean � SD 5.5 � 2.9

a
‘Registrar-term’ means the number of individual terms undertaken by all Registrars.b‘Bulk bills’ means no financial cost to the patient.
cSocioeconomic Index for Area (SEIFA) Relative Index of Disadvantage.
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Abstract
Aim: To develop and assess the validity and reproducibility of a food frequency questionnaire (FFQ) to measure total
flavonoid intake, and individual flavonoid subclasses, in older adults.
Methods: Retrospective analysis of flavonoid intake in older adults informed the development of a FFQ to measure
flavonoid intake and determine the flavonoid subclasses consumed (anthocyanins, flavan-3-ols, flavones, flavonols
and flavanones). Older adults (n = 42, mean age 75.3 � 8.6 years) attended two interviews 1 month apart where
anthropometrics (height and weight), blood pressure (BP), demographic data and a 93-item self-administered FFQ
were collected. A 4-day food record (FR) was randomly administered between the two interview dates, and each food
item was assigned a flavonoid and flavonoid subclass content using the United States Department of Agriculture fla-
vonoid database. The criterion validity and reproducibility of the FFQ was assessed against a 4-day FR using the Wil-
coxon signed-rank sum test, Spearman’s correlation coefficient (r), Bland-Altman Plots and Cohen’s kappa.
Results: Total flavonoid intake was determined (median intake FFQ = 919.3 mg/day, FR = 781.4 mg/day).
Tests of validity indicated that the FFQ consistently overestimated total flavonoid intake compared with the 4-
day FR. There was a significant difference in estimates between the FFQ and the 4-day FR for total flavonoid
intake (Wilcoxon signed-rank sum P < 0.001; Bland-Altman plots indicated large bias and wide limits of agree-
ment), but they were well correlated (Spearman’s r 0.93, P < 0.001; Cohen’s kappa κ = 0.619, P < 0.001). For
individual flavonoid subclasses, the tests of validity indicated greater discrepancy compared with 4-day FR. The
FFQ showed high reproducibility for estimating total flavonoid intake (FFQ1vsFFQ2: Wilcoxon signed-rank sum
test, P > 0.05; Spearman’s r 0.91, P < 0.001; Bland-Altman plots visually showed small, non-significant bias and
wide limits of agreement; and Cohen’s kappa κ = 0.619, P < 0.001), with a small mean percentage difference
(6.7%). For individual flavonoid subclasses, the tests of reproducibility between FFQ1 and FFQ2 showed simi-
larly high reproducibility.
Conclusions: The developed FFQ appears suitable for satisfactorily ranking individuals according to total flavonoid
intake. The FFQ shows limitations for estimating absolute total flavonoid intake and intake of flavonoid subclasses in
comparison to a 4-day FR in terms of overestimating intake. Refinement and further validation of this tool may be
required.

Key words: dietary assessment, flavonoids, food frequency questionnaire, older adults.

Introduction

Flavonoids are a class of dietary phytochemicals, which are
further divided into six major classes: anthocyanins, flava-
nols, flavanones, flavones, flavonols and isoflavones.1 A diet
rich in the flavonoids has been linked to a reduced risk of
conditions associated with ageing, including cancers, cardi-
ovascular and neurodegenerative diseases.2 Despite a large
body of evidence that links flavonoid consumption with
improved health outcomes in older adults, information on
the consumption patterns of flavonoids in this population
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is sparse, with only a few Australian estimations available in
the literature.3

The dietary assessment instruments currently used to
measure flavonoid intake are limited in their ability to accu-
rately assess habitual dietary intake. The limitations associated
with current methods hinder the interpretation of observa-
tional research outcomes that associate dietary flavonoid
intake and specific health outcomes.4 Inconsistent methodol-
ogies have been used to quantify flavonoid intake, and few
survey tools have been validated specifically for this purpose.5

Previous studies have most commonly collected dietary infor-
mation using food recall or food record (FR) methods in
order to determine intake of flavonoids. These dietary data
are then cross-referenced with flavonoid-specific food compo-
sition databases to assign foods a flavonoid content value.
However, the burden of these methods can be large on both
participants and researchers.

Previously published flavonoid-specific food frequency
questionnaires (FFQ) have focused on measuring individual
flavonoids or flavonoid subclasses, rather than measurement
of the comprehensive range of total flavonoid intake. For
example, a FFQ6 was validated to assess intake of tea-related
polyphenols, compared with a standard FFQ and 4-day FRs.
The same research group developed a more focused FFQ to
measure D-limonene intake provided from a range of citrus
sources7 as the basis for the assessment of intake of this indi-
vidual flavonoid. Although accurate, if these types of instru-
ments were expanded to provide information on the full
range of flavonoids, the time burden on the respondent
would be excessive. Research has also utilised post hoc analysis
of pre-existing FFQs that were not developed or validated for
the purpose of specifically measuring flavonoid intakes.8,9

This method has demonstrated large limitations in accurately
assessing flavonoid consumption because of food groupings
that may have similar nutritional profiles (i.e. pears and
apples) that may appear sensible to the respondent to con-
sider together when reporting their fruit intake, but which
may have vastly different flavonoid contents, leading to inac-
curate assessment of flavonoid intake.

Recent Australian research has validated a flavonoid-
specific FFQ in young adults against 3-day FRs.10 Addition-
ally, total flavonoid consumption3 and the main sources of
flavonoids5 have been estimated in an Australian population
using 24-hour recall data. The different eating patterns of
older Australians was reflected in different dietary sources
of flavonoids compared to younger adults, whereby contri-
butions from tea and wine flavonoids increased markedly
with age.3 Given the differences in total flavonoid intake, as
well as the different major dietary contributions thereof in
young and older adults,3 it is important to develop and val-
idate a FFQ to measure the intake in older adults specifi-
cally. A flavonoid-specific FFQ, which includes a list of
both flavonoid-rich foods and the most commonly con-
sumed food items that contribute to total overall intake,
would provide a useful contribution to research that inves-
tigates flavonoid consumption in older Australian cohorts.
The advantages of both FFQ and diet history methods to
assess long-term intake patterns of nutrients, and to a lesser

extent, foods and food groups, is well established in com-
parison to recall or diary methods, which typically deter-
mine intakes over a shorter time period.11 In addition, a
FFQ tends to be cheaper and considerably less burdensome
to the participant.12

A focused retrospective analysis of dietary flavonoid
intake in older adults was necessary to inform initial devel-
opment of the novel dietary assessment tool. We recently
estimated the mean intake of total flavonoids, and the
major dietary sources thereof, in an older Australian popu-
lation using comprehensive dietary data that included
12 days of weighed FRs,13 collected as a part of the Blue
Mountains Eye Study (BMES).14 These findings13 were uti-
lised as the basis for the development of a FFQ for use in
older adults. The validation and reproducibility of this tool
is the objective of the current study. Validity, in this con-
text, is the degree to which the FFQ measures specific die-
tary attributes, and the validation process involved the
appraisal of the FFQ against a reference method to deter-
mine agreement in measuring the same dietary attributes.15

The reproducibility of the FFQ relates to the ability of the
tool to accurately and equally measure the same dietary
attributes on more than one occasion.15

The aim of the present study was to assess the validity
and reproducibility of a FFQ developed to measure total
flavonoid intake, and flavonoid subclasses, in older adults
against a 4-day FR.

Methods

A FFQ was developed (by KK and KC) to quantitatively
assess individual intake of dietary flavonoids over
12 months and was structurally based on the National
Health and Nutrition Examination Survey (NHANES)
FFQ.16 All points of recommendation as outlined by Cade
et al.11 were addressed in the development of the
instrument.

An overview of the process and criteria for selecting
foods for the development of the FFQ is provided in
Figure 1. As reported elsewhere,13 12 days of weighed FR
data from the BMES were used as the main basis for the
development of the FFQ. The BMES dietary data were
cross-referenced with the USDA Database for the Flavonoid
Content of Selected Foods (Release 3.1, May 2014)17 to
identify flavonoid-containing foods (including the sub-
classes anthocyanins, flavan-3-ols, flavones, flavonols and
flavanones). To ensure that all rich sources of flavonoids
and the top contributors to flavonoid intake were captured,
foods were selected for inclusion in the FFQ if they met
any of the following criteria:
1 Any food with >30 mg/100 g total flavonoids and/or

>30 mg/average portion size (as determined by the
median portion size as reported in the BMES weighed
FR; in the absence of a published definition of a ‘flavo-
noid-rich food’, the cut-off of 30 mg/100 g of total flavo-
noids was utilised by the present study);

2 Any flavonoid-containing food in the top 25% of all
foods;
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3 A top 25% contributor in each flavonoid subclass accord-
ing to the average portion size (g) of that food.
Of the total 96 foods included in the FFQ, 73 foods were

identified from the BMES weighed FR data. An additional
23 foods were included from rich sources (>30 mg/100 g)
identified from the USDA Database for the Flavonoid Con-
tent of Selected Foods (Release 3.1, May 2014) (n = 12) and
from other published Australian literature sources3,5

(n = 11). These foods were mainly herbs (parsley, dill,
thyme, mint, coriander and oregano); some vegetables,
including eggplant, red onion, and rocket; and various fruits
(lime and blackcurrant juice). Additionally, any foods high-
lighted as top contributors of flavonoid intake by previous
national Australian literature3,5 were also included and con-
sisted of fruits (cherries, mango, rhubarb, lemon) and vegeta-
bles (silverbeet, endive, beans, spring onion, kale, olives
(green and black)).

Grouping of food items was decided a priori to the analy-
sis. Once a food item was identified for inclusion in the
FFQ, it was coded into a relevant food category: non-
alcoholic beverages, alcoholic beverages, fruit, vegetables,
herbs and other foods. The ‘other foods’ category included
foods such as pickles, nuts, dried fruit and fruit spreads,
which were separated from other food categories because of
their vastly different flavonoid profiles. With the aim of accu-
rately quantifying flavonoid intake, portion sizes derived
from the BMES WFR data were used.13 The portion sizes for
each of these additional foods were determined by matching
them to a nutritionally similar food (e.g. kale to spinach or
red onion to brown onion). Median portion size (g) and the
interquartile range informed the basis for four portion size
options, specific to each food. The portion sizes were allo-
cated according to: (i) first quartile or less, (ii) median,
(iii) second quartile or (iv) more than second quartile. A time
period of 12 months was selected to ensure that habitual
intake and the influence of seasonal dietary change was cap-
tured in the FFQ.11

A total of 42 community dwelling older adults aged
60 years and over from the Illawarra region of New South
Wales, Australia, were recruited to the study between June

and September 2014. Healthy older adults were recruited
via advertising material distributed at local community
groups. The study sample excluded individuals with major
food intolerances or a condition that impacts usual dietary
choices (e.g. Crohn’s disease). Ethics approval was obtained
from the University of Wollongong Human Research Ethics
Committee, and all subjects provided written informed con-
sent. An independent statistician (MB) calculated an ade-
quate sample size based on a previous study,18 which
assessed the validity of a FFQ against multiple 24-hour
recalls in older Australians and determined that a minimum
of 42 subjects would be required to obtain a correlation
coefficient of 0.377.

Participants attended two identical interviews, held
1 month apart and based on their preference for either a
home visit or attendance at the university testing facility
(Illawarra Health and Medical Research Institute). A single
interviewer (KK) conducted the interview, during which
body weight (kg) and height (m) were measured and body
mass index (BMI; weight (kg)/ height (m)2) was calculated.
Body weight was measured with participants standing in an
upright position without shoes, in minimal clothing, using
digital scales (Tanita TBF-622; W.W. Wedderburn Pty Ltd,
Ingleburn, NSW, Australia). A stadiometer was used to
measure height of participants without shoes on. Resting BP
and heart rate (HR) were measured while seated, in tripli-
cate and were averaged using an Omron HEM7200 (Deluxe
Automatic Monitor HEM-7200-E-Omron Healthcare,
Kyoto, Japan).19 Personal and demographic information
was collected using a survey developed for the purpose of
the present study, which included questions related to age,
smoking and drinking habits and years of education.

The self-administered FFQ was completed by the partici-
pant at home on the day before the interview. The booklet
was checked during the interview for inconsistencies and
missing data (KK). If data were missing, participants were
asked to independently fill in the missing questions in the
booklet to ensure completeness of the data and to reduce
interviewer bias. Questions that had arisen from the partici-
pants about any foods listed in the FFQ were also clarified.

•

Step 1: Blue Mountains 
Eye Study 12-days of 

weighed FR data (14)

•
Any food with total flavonoids >30mg/100g

•

Any food with total flavonoids >30mg/average portion size as reported in the
BMES weighed FR

•Any food contributing ≥25% to total flavonoid subclasses

Any flavonoid-containing food in the top ≥25% of most frequenc y reported
foods

•

Step 2: USDA Database 
for the Flavonoid Content 

of Selected Foods (Release 
3.1, May 2014) (18)

Any food with total flavonoids >30mg/100g

•Step 3: Review of relevant 
published Australian 

literature sources (3; 5)
•
Any food with total flavonoids >30mg/100g
Any food identified as contributing significantly to flavonoid  intake in that
study

Figure 1 Overview of criteria for selecting foods for the development of the FFQ.
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The paper-based FFQ data were entered into a template
created for this purpose in Microsoft Excel (Microsoft Office
version 14.1.2).20 The template was developed using nutri-
tional information for each food or beverage based on each
portion size option provided in the FFQ, and was based on
the FoodWorks dietary analysis package (Xyris software,
version 5, 2007, Highgate Hill, QLD, Australia), with AUS-
NUT 2011–2013 as the food composition database21 and
the USDA database selected for the flavonoid content of
various foods (Release 3.1, May 2014).17 The flavonoid and
flavonoid subclass content was assigned for each item in
the FFQ based on the most similar and appropriate food/
beverage available in the reference USDA flavonoid data-
base. The USDA Database for the Flavonoid Content of
Selected Foods (Release 3.1, May 2014) is a comprehensive
FCDB but contains limited information pertaining to some
cooked foods. Therefore, if a raw food’s flavonoid content
was available for a food that was usually consumed as
cooked, the raw value was still applied in the absence of a
cooked value. Pre-quantified portion sizes of foods were
converted to daily intakes by multiplying a frequency factor
based on the NHANES FFQ16 as follows: 6+ per day = 7,
4–5 per day = 4.5, 2–3 per day = 2.5, 1 per day = 1, 5–6
per week 0.8, 3–4 per week = 0.5, 1–2 per week = 0.2,
2–3 per month = 0.08, 1 per month or less = 0.03 and
Never = 0.

Participants were trained by a nutritionist (KK) and
instructed to complete a 4-day FR on any four consecutive
days between the two interview dates, including three week
days and one weekend day. Following recommendations by
Cade et al.,11 the FFQ1 was administered before the train-
ing, and completion of the 4-day FR to mediate the learning
effects was associated with completing a more comprehen-
sive dietary assessment method. Participants were instructed
to record in detail all the foods and drinks that they had
consumed during that period and were encouraged to esti-
mate their portion sizes using cup measures, weights or
other household measurements. Dietary data from the 4-day
FR were screened for missing data, and clarification was
sought from participants during the final interview (KK).
The 4-day FRs were entered and analysed using the Food-
Works dietary analysis package.21 As dietary data relating to
flavonoid content of foods are not integrated into Food-
Works, each food item reported in the 4-day FR was manu-
ally assigned a value for total flavonoid content as well as
each flavonoid subclass according to the USDA database for
the flavonoid content of selected foods.17 This allowed cal-
culation of flavonoid intake and intake of flavonoid sub-
classes per person per day.

Statistical analysis was performed (KK and KC) using the
Statistical Package for Social Sciences (SPSS) software
(V15.0.0 SPSS Inc., Chicago, IL, USA).22 Descriptive statis-
tics were performed on demographic data. For each partici-
pant, mean (�SD), median and range for flavonoid intake
and of each flavonoid subclass from FFQ1, FFQ2 and 4-
day FR were calculated. Major dietary sources of flavonoids
and each flavonoid subclass were determined. The percent-
age contribution that each food made to total flavonoid T
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intake and intake of each flavonoid subclass was calculated
for each person (FFQ1) and averaged to indicate the major
(top 10) foods contributing to intake in the total group
(Table 1). Mean daily flavonoid intakes for the FFQ1,
FFQ2 and 4-day FR were assessed for normality using his-
tograms and the Shapiro Wilk test for normality and were
found to be non-normally distributed for FFQ1, FFQ2 and
4-day FR.

A combination of tests was applied to assess several differ-
ent facets of validity (criterion validity) and reproducibility
because this has been recommended as providing a more
superior assessment of validity than the use of a single meas-
ure.23 Mean percentage difference was calculated between the
FFQ1 and 4-day FR and between FFQ1 and FFQ2. A Wil-
coxon signed-rank sum test was used to compare flavonoid
and flavonoid subclass intakes obtained from the two meth-
ods (FFQ1 vs 4-day FR) and two time points (FFQ1 vs
FFQ2). Spearman’s correlation coefficients were calculated to
determine the strength of association between the two dietary
assessment methods (FFQ1 vs FR, and FFQ1 vs FFQ2) for
total flavonoid intake and each dietary flavonoid subclass.
The FFQ1 and 4-day FR were assessed for level of agreement
using Bland-Altman plots,24 where the difference between the
FFQ1 and 4-day FR (FFQ1 − 4-day FR) was plotted against
the mean of the FFQ1 and 4-day FR (FFQ1 + 4-day FR)/2.
Bland-Altman graphs were constructed to examine the differ-
ence between FFQs (FFQ1 − FFQ2) plotted against the mean
of the FFQs ((FFQ1 + FFQ2)/2). Limits of agreement (LOA;
the mean difference � 1.96SD) for the difference between
the two measures were calculated to evaluate whether they
were acceptable. A regression line was fitted to detect propor-
tional differences and to indicate the direction and magnitude
of the bias. Lastly, Cohen’s kappa (κ) test was used to deter-
mine the ability of the FFQ to rank individuals according to
quartiles of intake (FFQ1 vs 4-day FR and FFQ1 vs FFQ2) for
total flavonoid intake and flavonoid subclasses.25,26 Values
≤0 indicated no agreement; 0.01–0.20 as none to slight;
0.21–0.40 as fair; 0.41–0.60 as moderate; 0.61–0.80 as sub-
stantial; and 0.81–1.00 as almost perfect agreement.

Results

The developed flavonoid FFQ included 93 questions per-
taining to 9 non-alcoholic beverages, 5 alcoholic beverages,
25 fruit, 33 vegetables, 8 herbs, 13 other foods and an
additional 3 summary questions about usual alcohol intake
and fruit and vegetable consumption (Supplemental File 1).
The characteristics of the study participants are presented
in Table 2.

The mean and median intake, standard deviation and
range of total flavonoid intake and intake of each flavonoid
subclass (mg/day) for each method were determined
(Table 3). For both the FFQ1,2 and the 4-day FR, a large
variability in dietary flavonoid intake and intake of flavo-
noid subclasses is highlighted by the wide range (Table 3).

The mean percentage difference between FFQ1 and FR
showed that the FFQ estimated total flavonoid intake to be
higher by 21.4% and higher intakes for individual flavonoid

subclasses flavan-3-ols (9.4%), flavones (54.3%), flavonols
(70.5%), flavanones (78.4%) and anthocyanins (90.7%).
The mean percentage difference between FFQ1 and FFQ2
showed small variations for total flavonoid intake (6.7%)
and flavonols (−1.1%), with slightly higher variation for
intake of flavanones (10.7%), anthocyanins (13.8%), flavan-
3-ols (14.1%) and flavones (22.3%).

The Wilcoxon signed-rank sum test showed significant
differences in total flavonoid (P < 0.001), anthocyanin
(P < 0.001), flavanone (P < 0.001), flavone (P < 0.004) and
flavonol (P < 0.001) intakes as measured by the FFQ1 and
4-day FR, but no significant difference for flavan-3-ol mea-
surements (Table 4). The strength of the associations, as
tested by Spearman’s correlation coefficients between vari-
ables assessed using the FFQ1 and 4-day FR, are shown in
Table 4. The Wilcoxon signed-rank sum test showed no
significant differences in the measurement of total flavonoid
or any flavonoid subclass intakes (mg/day) between FFQ1
and FFQ2 (Table 4). Total flavonoid intake showed sub-
stantial reliability (>0.9), and each flavonoid subclass
showed between moderate (>0.7) and substantial reliability
(Table 4).

The Bland-Altman plot of the bias (average of the differ-
ences between methods) against the mean value for the two
methods is shown in Figure 2a. Visually, this demonstrates
that the bias and LOA are large for total flavonoid intake
(+203.0 mg) and intake of anthocyanins (+64.5 mg),
flavan-3-ols (+74.8 mg), flavanones (+23.9 mg) and flavo-
nols (+35.8 mg). The bias is small, with narrow LOA, for
flavone intake (+2.77 mg). The linear regression identified
in the Bland-Altman plots (Figure 2a) indicates a strong
positive correlation for total flavonoid intake and intake of
anthocyanins, flavan3ols and flavonols, whereby the greater
an individual estimates their flavonoid intake, the greater
the systematic bias (or overestimation by the FFQ). This
bias is less for flavone and flavanone intakes, as shown visu-
ally in Figure 2a. The Bland-Altman plots visually showed

Table 2 Summary statistics of subject characteristics (n = 42)

Gender Male 14 (33.3%)
Female 28 (66.7%)

Age (y) Mean �SD 75.3 � 8.6
BMI (kg/m2) Mean � SD 27.7 � 4.3
Primary language English 40 (95.2%)

Other 2 (5.8%)
Smoking status Non-smoker 28 (66.7%)

Current smoker 1 (2.4%)
Ex-smoker 13 (30.9%)

Supplement use Any supplement 24 (57.2 %)
No supplement 18 (42.8%)

Education
(highest level
completed)

Tertiary 27 (64.3%)
Secondary (complete) 15 (35.7%)
Secondary (incomplete) 0
Primary 0

Blood pressure Systolic mean � SD 138.1 � 18.4
Diastolic mean � SD 83.7 � 9.3
Heart rate: mean �SD 67.2 �10.6
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small, non-significant bias (Figure 2b) but wide LOA. Lin-
ear trends indicate that the bias is small between FFQ1 and
FFQ2 (Figure 2b).

Cohen’s kappa (κ) indicates that there was substantial
agreement25 between the FFQ1 and 4-day FR for total flavo-
noid intake and flavonol intake; moderate agreement for
flavan-3-ol intake; fair agreement for flavone intake; and none
to slight agreement for anthocyanin and flavanone intake.
Cohen’s kappa (κ) indicated substantial agreement25 between
the FFQ1 and FFQ2 for total flavonoid intake, anthocyanin
intake, flavan-3-ol intake, flavone intake and flavonol intake,
and moderate agreement25 for flavanone intake.

Discussion

A flavonoid-specific FFQ was developed for use in older
Australians by applying a systematic approach using data

obtained from 12 days of weighed FRs and the most appro-
priate flavonoid food composition data that were presently
available.17 Total flavonoid intake as measured by the FFQ
(1050 mg/day) was significantly higher than that reported in
other Australian studies,3,5,27 which may relate to the use of
24-hour diet recall data in previous studies. However, it is
also significantly higher than the analysis of 12 days of
weighed FRs in the population of older adults, which was
used to inform the development of this tool13 (683 mg/day).
The 4-day FR similarly measured flavonoid intake (847 mg/
day) and intake of flavonoid subclasses as being higher than
previous Australian estimations; however, the percentage
contributions of each flavonoid subclass to total flavonoid
intake were closely related to previously reported estimates
for the total Australian population.3 The major sources of
total flavonoids, as estimated by the FFQ, are black tea
(57.0%), red wine (7.6%) and green tea (6.0%), which have

Table 3 Description of mean flavonoid intake (mg/day) according to the FFQ1, FFQ1 and 4-day FR (n = 42)

(mg/day) Mean Std. Deviation Median Minimum Maximum % contribution

FFQ 1 Total flavonoids 1050.5 725.5 919.3 80.0 3253.5
Anthocyanins 103.4 104.7 52.7 11.4 368.3 9.8
Flavan-3-ols 829.6 690.6 778.5 32.3 2953.1 78.9
Flavanones 42.5 28.5 39.7 2.4 105.4 4.0
Flavones 6.5 8.0 3.4 0.3 37.7 0.6
Flavonols 68.5 34.9 58.1 19.7 147.2 6.5

FFQ 2 Total flavonoids 1047.0 724.9 911.3 140.1 2488.9
Anthocyanins 103.4 99.0 69.0 14.8 367.8 9.9
Flavan-3-ols 829.8 686.6 755.7 60.9 2312.2 79.3
Flavanones 40.4 29.4 28.2 4.9 103.6 3.9
Flavones 7.4 9.2 4.8 0.46 37.7 0.7
Flavonols 66.0 32.8 55.5 16.4 131.8 6.3

4-day FR Total flavonoids 847.5 534.8 781.4 22.1 2490.5
Anthocyanins 38.9 58.9 7.2 0.00 224.7 4.6
Flavan-3-ols 754.7 502.2 706.9 6.9 2366.5 89.1
Flavanones 18.5 20.9 9.6 0.00 69.8 2.2
Flavones 3.7 5.2 1.7 0.00 27.4 0.4
Flavonols 32.8 18.9 29.5 1.2 99.4 3.9

Table 4 Comparison of the total flavonoid intake and intake of flavonoid subclasses (mg/day) for FFQ-1 versus FR (validity)
and FFQ-1 versus FFQ-2 (reliability)

(mg/day)
Wilcoxon signed-rank
sum test sig. (P-value)

Spearman’s correlation
coefficient sig. (P-value)

Cohen’s Kappa (κ) sig.
(P-value)

FFQ-1 versus 4-day FR Total flavonoids <0.001 0.93 (<0.001) 0.619 (<0.001)
Anthocyanins <0.001 0.32 (0.042) 0.142 (0.111)
Flavan-3-ols 0.413 0.87 (<0.001) 0.492 (<0.001)
Flavanones <0.001 −0.17 (0.27) 0.048 (0.587)
Flavones 0.004 0.18 (0.25) 0.238 (0.008)
Flavonols <0.001 0.75 (<0.001) 0.619 (<0.001)

FFQ-1 versus FFQ −2 Total flavonoids 0.912 0.91 (<0.001) 0.619 (<0.001)
Anthocyanins 0.955 0.92 (<0.001) 0.651 (<0.001)
Flavan-3-ols 0.957 0.92 (<0.001) 0.746 (<0.001)
Flavanones 0.350 0.73 (<0.001) 0.492 (<0.001)
Flavones 0.119 0.85 (<0.001) 0.714 (<0.001)
Flavonols 0.328 0.90 0.619 (<0.001)
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(a)
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C D

E F

Figure 2 (a) Bland-Altman plots (difference in intake (mg/day) (FFQ1 − 4-day FR) against the mean intake of flavonoids
and subclasses (mg/day) [FFQ1 + 4-day FR)/2]) showing the relative validity of the FFQ1 versus the 4-day FR for total
(A) flavonoids, (B) anthocyanin, (C) flavan-3-ol, (D) flavanone, (E) flavone and (F) flavonol intake. (b) Bland-Altman plots
(difference in intake (mg/day) (FFQ1 − FFQ2) against the mean intake of flavonoids and subclasses (mg/day) [FFQ1 +
FFQ2)/2]) showing the relative validity of the FFQ 1 versus the FFQ2 for total (A) flavonoids, (B) anthocyanin, (C) flavan-
3-ol, (D) flavanone, (E) flavone and (F) flavonol intake.
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previously been described as significant contributors to flavo-
noid intake in this age group.3 Inclusion of the most com-
monly consumed flavonoid-containing foods, in addition to
the richest dietary sources according to the food composition

database in the FFQ, provided a sound basis that enabled
the most accurate estimation of habitual intake for all flavo-
noids. For example, although consumed sporadically and in
small amounts, parsley was identified as the major source of

(b)
A B

C D

E F

Figure 2 Continued
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flavone intake. Previous dietary questionnaires that have not
incorporated both considerations28–30 have shown limita-
tions in the assessment of total flavonoid intake.

The validity for estimating absolute intakes for flavo-
noids appears poor, with systematic (positive) bias
observed. An overestimation of flavonoid intake was simi-
larly reported in a validation study of a FFQ developed to
measure flavonoid intake in younger Australian adults,10

and this appears to be a typical finding when validating a
FFQ against FRs.31 Despite the FFQ1 and 4-day FR being
strongly correlated, except for flavanone and flavone
intake, there were significant differences in the estimation
of the total flavonoid intake and intake of flavonoid sub-
classes (except for flavan-3-ols) between the two mea-
sures. The mean percentage difference indicates that the
FFQ1 systematically overestimated intakes, compared to
the 4-day FR, ranging from 9% for flavan-3-ols to 90%
for anthocyanins. This finding was confirmed by the
Bland-Altman analysis, which indicates a case of propor-
tional error (strong positive correlation) (Figure 2a) and
systematic bias (overestimation) for both total flavonoid
intake and intake of flavonoid subclasses. Because correla-
tion coefficients quantify the degree to which two vari-
ables are related but do not necessarily imply good
agreement between two methods,24 it is not uncommon to
demonstrate acceptable correlation in the presence of bias.
The Bland-Altman analysis identified that for a number of
flavonoids assessed (notably for anthocyanins and flavo-
nol), more than 5% (i.e. >2 values of n = 42) of the data
points fell outside the LOA. This clearly indicates a lack of
equivalence between the two methods. Formal equivalence
testing was not conducted in the present study, although
this has recently been recommended by Batterham et al.32

and may be a consideration in future studies.
The agreement between the FFQ and the 4-day FR in

assigning individuals to quartiles of intake (Kappa coeffi-
cients) suggests that the FFQ may be an appropriate method
for assessing total flavonoid intake but exhibits differing
levels of agreement for individual subclasses of flavonoids,
particularly for flavanone intake, which is commonly pro-
vided by citrus fruits. The misclassification of individual fla-
vonoid subclasses may also relate to the influence of
sporadically consumed foods or seasonal foods being under-
reported in the 4-day FR in comparison with the longer
duration FFQ. This is of particular relevance for anthocya-
nins and flavanones that showed the poorest agreement
between the two methods. Berries and cherries (summer
fruits) and mandarins (winter fruit) are highly seasonal fruits
that are available for short periods of time in Australia but
are rich in anthocyanins and flavanones, respectively. The
period of reporting for the FFQ was the previous 12 months,
whereas the 4-day FR measured intake over a short period
between June and September, which corresponded to winter
months and early spring in Australia. Thus, the FFQ could
be expected to overestimate the flavonoid intake related to
seasonal fruit consumption. Alternatively, the 4-day FR,
which was considered a robust reference method in the
present study, could be considered inadequate at estimating

overall habitual flavonoid intake, and therefore, repeated
recalls may be needed to overcome this issue. These consid-
erations are important when deciding on the purpose of the
instrument, whether to measure absolute intakes in order to
assess acute changes as would be needed in a short-term
intervention study or clinical trial, or whether the instru-
ment is required for ranking individuals according to usual
intake, as is required in epidemiological studies.12 The pres-
ent study has demonstrated the latter, as is the desirable
strength of a FFQ, and highlights its potential application
for use in large cohort studies.

Our findings are consistent with a Flemish study in
which an 86-item FFQ was validated against a 4-day non-
consecutive food diary in a sample of dietitians.33 That
FFQ was similarly able to assign subjects to correct quar-
tiles of flavonoid intake and to identify high flavonoid-
containing foods and regular sources of flavonoid intake,
but was less suitable for estimating total intake (mg/day).
The FFQ also showed only weak or no correlation to the 4-
day food diary in relation to specific flavonoid subclasses,
for example, anthocyanins.33 In that study, the poor corre-
lation was related to the sporadic consumption of high
flavonoid-containing foods, such as red wine, that were not
captured in the 4-day food diary, a result that appears to
have been replicated in the present study.

Using various statistical tests, our novel FFQ showed a
substantial level of reproducibility. The repeated FFQs were
highly correlated, displayed a small percentage of disagree-
ment25 and showed no difference between repeated mea-
sures of total flavonoid intake or their subclasses. These
findings were confirmed in the Bland-Altman analyses that
visually indicated a low level of bias and Cohen’s kappa (κ)
results that indicated moderate (κ = 0.41–0.60) to substan-
tial agreement (κ = 0.61–0.80)25 between the two time
points. The FFQs were administered 1 month apart; there-
fore, it is unlikely that any seasonal variation in diet would
have impacted its reproducibility.

The main limitation of the present study was the small
sample size (n = 42), which limits the interpretation of the
study findings. Previous authors have suggested that a sam-
ple size of at least 50 is desirable,11 and ideally, a sample of
between 100 and 200 should be used, particularly if the
FFQ is designed to provide information on nutrient
intakes.34 The present study experienced recruitment issues
given the study burden associated with the 4-day FR, which
further highlighted a need for a simple, rapid method to
determine flavonoid intake in this age group.

There are other limitations to the present study, which
partially relate to the general limitations associated with
using a FFQ to measure dietary components. While FFQs
are relatively cheap and simple to administer, they may be
associated with large measurement error due to inaccuracies
in estimating frequencies over the longer term and determi-
nation of pre-quantified food portion sizes.12 FFQs that
have a prolonged reference period have been shown to
overestimate fruit and vegetable intake,12 which could have
been a contributor to measurement error in the present
study.
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Our FFQ was developed based on secondary analysis of
12 days weighed FR data, which were not collected for the pri-
mary purpose of estimating flavonoid intake, and this may have
further influenced the study findings. In addition, the reference
method (4-day FR) is not generally considered a gold-standard
reference method. The 4-day FR method was chosen for the
present study in order to minimise study burden and to retain
participants. The 4-day FR method is advantageous in its ability
to capture food intake without the reliance of memory and has
the fewest correlated errors with a FFQ.11 However, FRs are
often associated with underreporting,35 and in the present
study, food underestimation in the FR may have occurred due
to forgetfulness and/or limitations of food knowledge in this
population. Future research might consider using weighed FRs
or repeated 24-hour diet recalls as the reference method, and
could consider adjusting for underreporting to improve the
validity of the chosen reference method. Another limitation
relates to the utilisation of the USDA database to determine the
flavonoid content of selected foods as a reference database. The
flavonoid content of foods in the database may not have accu-
rately reflected that of Australian produce as flavonoid content
is heavily influenced by cultivar and growth and processing
conditions, and the USDA recognises this variability.36 How-
ever, given the lack of Australian-specific data, and the fact that
the USDA database is one of the most comprehensive and most
commonly applied databases, it was an appropriate choice for
the present study. However, this process highlights a need for
Australian flavonoid food composition data to be collated in an
FCDB, ideally integrated into a dietary assessment software
package, such as FoodWorks.37 This concept has been recently
reviewed using an Australian anthocyanin food composition
database as an example.37 Preliminary studies are investigating
the difference in flavonoid intake estimates when different
FCDBs are applied to the same dietary data, with one study
showing significant differences38 and another showing minimal
variation.39 Another well-established limitation relates to the
inability of a reference database to account for storage and cook-
ing methods,36 which is a potential source of bias in validation
studies of this nature. As the FFQ is unable to make provisions
for information on the cooking processes associated with each
food, a ‘raw food’ value was attributed for each food, which
may have over-inflated flavonoid intake values. However, in the
case of the 4-day FR method, cooking-related flavonoid losses
were able to be accounted for as cooking methods were
reported. Future work should attempt to address differences in
flavonoids according to cooked or raw variants of individual
foods. The potential to add a retention factor to the raw food
values and address the degradation of flavonoids and a lowered
yield associated with cooking should be investigated in the fur-
ther refinement of this instrument.

The strength of the present study lies in the design of the
novel FFQ, which is relatively short and practical in comparison
to other dietary assessment methods for estimating flavonoid
intake. This characteristic may be useful in time-limited surveys
where detailed dietary assessment is not possible. To improve
the validity of a FFQ, design issues, including the length, closed
versus open-ended responses, seasonality, time frame and por-
tion sizes, can be manipulated.12 Future research may focus on

adjusting the time frame of the recall if short-term intake is
required rather than habitual consumption. Additionally, a
shorter version of the FFQ could be trialled, excluding foods
that did not significantly contribute to flavonoid intake in the
present study, such as some herbs). However, due to the highly
specific flavonoid content of foods, grouping of food items that
are similar nutritionally (e.g. citrus fruits) into a single ques-
tion12 is not recommended. As diet is highly influenced by sea-
son, future studies may consider confirming these findings
across all seasons in a year. Presently, there is little consensus
regarding the most appropriate biomarker to reflect flavonoid
intake due to methodological difficulties in assessing intact fla-
vonoids and their metabolites. Undoubtedly, this is an area of
active research, and in future, objective biomarkers may be elu-
cidated for use in validation studies.

In conclusion, a novel FFQ developed to estimate flavonoid
intake for use in older Australians appears satisfactory for rank-
ing individuals according to total flavonoid intake, but shows
limitations for estimating absolute total flavonoid intake. The
FFQ especially shows limited validity for estimating intakes of
flavonoid subclasses. With further validation, the FFQ could
allow for an easier estimation of flavonoid intake and intake of
flavonoid subclasses in older adults, especially when ranking
individuals according to total flavonoid intake in epidemiologi-
cal research. Future studies may attempt to validate this tool
against repeated FRs collected across several seasons in order to
assess the instrument’s ability to more accurately capture sea-
sonal food intake and potentially improve the validity of the
tool for measuring flavonoid subclasses.
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Abstract
Aim: The aim of the present study was to determine if the Malnutrition Screening Tool (MST) is valid for use within
the Community Rehabilitation Program (CRP) setting. Secondary outcome measures were to assess malnutrition prev-
alence in the CRP population and to determine trends between malnutrition and age, body mass index (BMI) and falls
history.
Methods: This study used a cross-sectional design. All clients admitted to a Melbourne metropolitan CRP during the
study period had the MST completed at intake. A total of 160 participants were then selected at random and a Sub-
jective Global Assessment (SGA) was completed by an experienced dietitian. Participants were classified as well nour-
ished or malnourished, and this result was compared to their MST score. Data analysis was completed to determine
the predictive value of the MST compared to SGA, which was expressed using sensitivity, specificity, positive and
negative predictive values.
Results: Out of the 160 participants, 34.0% were identified as malnourished. The MST achieved a sensitivity of
72.2% and a specificity of 83.8% with positive predictive value of 69.6% and negative predictive value of 85.4% com-
pared to the SGA. Participants in the malnourished group were older and had a lower BMI (P < 0.05).
Conclusions: Considering the demographics and needs of the CRP population group and the predictive value of the
MST compared to SGA, it can be concluded that the MST is a valid screening tool for use in this population and has
relatively low burden to complete. Consequently, the MST could be included in the client initial needs identification
to be completed when admitted to the program.

Key words: community health, evaluation, malnutrition, nutrition screening.

Introduction

Malnutrition is a serious and debilitating condition that
lengthens recovery and impairs rehabilitation.1,2 Malnutri-
tion increases the risk of hospital admissions, infections,
pressure ulcers and poor wound healing, as well as contri-
butes to decreased muscle repair and greater functional
impairment.1 A large proportion of Community Rehabilita-
tion Program (CRP) clients are referred immediately follow-
ing a hospital admission due to illness, injury or surgery,
and they are clients who require further therapy and educa-
tion to optimise their functional ability and independence.

A CRP client can be of any adult age group upwards of
18 years. The CRP framework includes access to a multidis-
ciplinary team and creation of a care plan to assist with
achieving short-term rehabilitation goals. Malnutrition is
predicted to exist in the acute hospital setting at a preva-
lence of 20–50%,2 and knowing that many clients are trans-
ferred immediately to CRP from hospital, it is expected that
similar malnutrition rates may exist in this CRP setting.
CRP clients are also referred from the community if they
experience an exacerbation of a chronic condition. Commu-
nity rates of malnutrition are estimated in the range of
10–30%, and this is predicted to be largely underdiag-
nosed.2,3 Overall, clients attending a CRP may be at an
increased risk of malnutrition; however, there are currently
no validated nutrition screening tools for use within the
CRP setting. This is despite the existence of evidence-based
guidelines documenting the need for validated, evidence-
based nutrition screening and assessment processes across
the continuum of care in order to improve the identification
and management of malnutrition.2,4 In the community set-
ting, the Subjective Global Assessment (SGA) is a validated
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nutrition assessment process used to diagnose malnutrition
in older people.2 This can completed by the dietitian once
referrals are received; however, malnutrition may be over-
looked in CRP clients if validated screening practices are
not in place.

Identifying malnutrition risk among CRP clients allows
for dietary interventions to be instigated early to treat or
prevent malnutrition, thereby facilitating the rehabilitation
process. There are five validated screening tools for use in
the community setting; however, these are not practical for
use within the CRP setting due to the requirement for
anthropometric assessment and length of time required to
complete.2 All clients admitted to CRP will have an assess-
ment completed at their first session, which encompasses
all aspects of multidisciplinary care needs. This is com-
pleted by an allied health clinician of any discipline and so
has a need to be easily utilised by any CRP team member.
Therefore, a simple screening tool is required for CRP to
ensure that it is routinely completed and not a burden on
staff with requirements beyond their scope of practice. The
Malnutrition Screening Tool (MST) is a quick and easy
nutrition screening tool that is currently validated in the
acute, subacute and residential care setting and does not
require anthropometric measures.5–7 However, no study
has validated the MST in the CRP setting. Therefore, the
aim of this study was to validate the MST for use in CRP.
Secondary aims were to assess malnutrition prevalence in
the CRP population and to determine trends between mal-
nutrition and age, body mass index (BMI) and falls history.

Methods

A cross-sectional study combined with routine data collec-
tion that was compliant with the ‘Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)’
statement8 formed the design of the current study. For the
cross-sectional component, the MST and SGA, height,
weight and BMI of participants were recorded and com-
pared to determine nutrition risk. Routine data collection
included examination of medical records to obtain admis-
sion diagnosis, falls history and demographic data. This
study was approved by the Eastern Health Human Research
Ethics Committee (Reference LR41-1213).

Eastern Health is a large Melbourne metropolitan health
service, and CRP is an ambulatory and community program
that is part of this health network. Over the study period of
May 2013 to March 2015, all CRP clients were screened for
malnutrition risk using the MST at the ‘initial needs identifi-
cation’ assessment by an Allied Health Clinician trained in
completing the MST. The initial needs identification is the
first contact a client has with CRP clinicians when admitted
to the program. An online randomisation tool was used to
randomly select clients from the total CRP population who
were then invited to participate in the study. People requir-
ing interpreters or who were cognitively impaired were
excluded from the study. A SGA was then completed with
consenting participants by an experienced dietitian. In

order to compare the MST, which has two categories
(at risk of malnutrition or not at risk of malnutrition), to
the SGA, which has three categories (well nourished,
mildly/moderately malnourished or severely malnourished),
the SGA categories ‘mildly/moderately malnourished’ and
‘severely malnourished’ were combined. Therefore, clients
were classified as either well nourished (SGA = A) or mal-
nourished (mild/moderate: SGA = B or severe: SGA = C).
From consenting participants, two were excluded due to
incomplete or missing data.

Weight and height were measured by a dietitian and
BMI calculated using standard equations.9 Weight was
measured with clothes on and no shoes and taken to the
nearest 0.1 kg. The scales used were calibrated prior to the
study commencement. For clients receiving home visits or
where the client’s height was unable to be measured by use
of a stadiometer, height was estimated using ulna length.9

Height was measured to the nearest 1 cm. Routine data,
including demographic data and admission condition, were
extracted from participants’ electronic medical records. Falls
history was determined from the participants’ CRP initial
needs identification assessment or by asking the client.
Appointment location was recorded as centre-based (client
attending community rehabilitation centre for appoint-
ments) or home-based for those requiring a home visit.

A contingency table was used to determine sensitivity
(percentage correctly identified as malnourished) and speci-
ficity (percentage correctly identified as well nourished) and
likelihood ratios and predictive value (likelihood that the
presence or absence of malnutrition is correctly predicted
by the tool)6 of the MST compared to the SGA. Data were
reported as mean and 95% confidence intervals (95% CI).
All other data were analysed using SPSS software (version
21.0, IBM Corporation, Armonk, NY, USA). Linear regres-
sion was used to examine trends between age, BMI and
SGA score and reported as mean and standard deviation.
Falls history and appointment location were compared to
SGA result using Fisher’s exact test and expressed as a per-
centage. Statistical significance was reported as P < 0.05.

Results

During the study period, CRP accepted an average of
279 (�29) referrals per month. The researchers selected a
total of 214 participants to complete the SGA with; out of
these, 36 did not consent to complete the study, and
16 were excluded due to being non-English speaking or
having severe cognitive impairment. As previously men-
tioned, two consenting participants’ data were not used in
analysis as it was incomplete. The demographics of the par-
ticipants are listed in Table 1, as well as the breakdown of
SGA classification and MST result. Additional results
showed that 40.5% of participants reported a history of falls
and 65.6% of participants required a home visit appoint-
ment. The most common admission diagnosis category was
orthopaedic patients (60.5%), with the other distribution
being 11.7% neurological, 9.9% gastroenterology, 3.1% res-
piratory and 2.5% oncology. The remaining 12% were
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classified as ‘other’ diagnoses that did not fit these main
streams.

The ability of the MST to predict SGA result is sum-
marised in Table 2. According to the SGA, 66% of partici-
pants were found to be well nourished, and 34% of
participants were found to be malnourished. According to
the MST, 65% of participants were found to be not at risk
of malnutrition, and 35% were found to be at risk of mal-
nutrition. A significant association was found between SGA
and age, with those who were malnourished more likely to
be older than those who were well nourished (P = 0.001).
Malnourished participants were also more likely to have a
lower BMI than those who were well nourished
(P < 0.001). There were trends for patients with a falls his-
tory and requiring home visits as being more likely to be
malnourished; however, these associations were not statisti-
cally significant (Table 3). With regards to incidence of mal-
nutrition in each admission category, the SGA diagnosed
malnutrition in 23.7% of the orthopaedic stream (n = 23),

31.6% of the neurological stream (n = 6), 87.5% in gastro-
enterology patients (n = 14), 50% in oncology patients
(n = 2), 60% in the respiratory stream (n = 3) and 40% of
the ‘other’ diagnoses (n = 8).

Discussion

The aim of this study was to assess the validity of the MST
for use in the CRP setting. The main finding is that the
MST is a valid tool to screen for malnutrition in the CRP
population. This research showed that malnutrition preva-
lence in this community population may be higher than
estimations of 10–30%2 and was consistent with the litera-
ture that malnourished patients were more likely to have a
lower BMI and be older. Furthermore, patients admitted to
CRP who had diagnoses within gastroenterology, oncology
and respiratory streams demonstrated higher rates of mal-
nutrition but may have entered CRP with no referral to a
dietitian until it was initiated by the screening. All these
aforementioned findings highlight the need for a valid
screening tool.

The sensitivity of the MST in this study was 72%, which
is comparable to other studies who validated the use of
screening tools in varying populations across the care
continuum.5,6,10–12 Higher sensitivity results of 83–100%
were found in populations of residential aged care patients,
older frail patients at risk of hospital readmission and can-
cer patients5,6,11,12; however, this higher level is suitable in
these listed populations. These client groups have higher
incidence of malnutrition and are more likely to exhibit the
adverse effects of malnutrition quickly and suffer increased
impact on their health outcomes at hospitalisation and dis-
charge.5,11 Therefore, it becomes imperative to capture mal-
nutrition very accurately and quickly. It is worth noting
that patients will stay in CRP for a period of 8–12 weeks,
and they can be referred to a dietitian at any time. Given
this CRP timeframe, there are opportunities for screening to
be repeated and any new issues arising to be identified,
which lessens the need for extremely high sensitivity at ini-
tial assessment. With regards to other screening tools in
similar settings and populations, the Short Nutrition Assess-
ment Questionnaire screening tool was deemed valid for an
outpatient population according to Neelemaat et al., with
sensitivity between 53 and 67%.10 The Mini Nutritional
Assessment short form screening tool was assessed for its
agreement with the Mini Nutritional Assessment in commu-
nity, nursing home and rehabilitation settings with a range
of 72–90% sensitivity found.13 Lower levels of sensitivity
found in the literature include a study of the validity of the
MST by Lawson et al. in renal inpatients, which demon-
strated a sensitivity of 48.7%, and this level was deemed
not reliable enough.14 As the current study’s sensitivity
value of 72% falls above this lower level deemed unreliable
and within the ranges of sensitivity deemed valid amongst
the literature, it is reasonable to conclude that the MST
would meet acceptable diagnostic accuracy for the popula-
tion’s needs. To further strengthen the tool being deemed
as valid in this CRP population, the literature indicates that

Table 1 Patient demographics, breakdown of SGA classifi-
cation and MST result

Demographics

Age(a) Gender BMI(a)

74 (�12.00) 58% female 26.7 (�5.88)
42% male

SGA classification
A B C
105 51 4

MST classification
Not at risk of

malnutrition (0–1)
At risk of

malnutrition (2+)
104 56

(a) Age and BMI have been shown as mean (�standard deviation).
BMI, body mass index; MST, Malnutrition Screening Tool; SGA,
Subjective Global Assessment.

Table 2 Malnutrition prevalence and predictive value of
the MST (n = 160)

Mean value (95% confidence
interval)

Sensitivity 72.2% (58.4–83.5)
Specificity 83.8% (75.4–90.3)
Positive likelihood

ratio
4.5 (2.8–7.1)

Negative likelihood
ratio

0.3 (0.2–0.5)

Positive predictive
value

69.6% (55.9–81.2)

Negative predictive
value

85.4% (77.1–91.6)

Malnutrition
prevalence

34.0% (26.7–41.9)

MST, Malnutrition Screening Tool.
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adequate validity is gained by levels ≥70% for sensitivity,
specificity, positive predictive value and negative predictive
value, whereas 60% or below is reported to be poor valid-
ity.15 This benchmark of 70% was achieved by the MST in
this CRP population.

Higher specificity results or the ‘true negative’ values are
valuable to ensure that patients are not misclassified as mal-
nourished when they are well nourished, thereby creating
unnecessary work for dietitians. The valid screening tools in
the literature show specificity values between 66 and
98%,5,6,10,11 where the current study shows 84%. This
demonstrates that the MST could be used in CRP, and it
would not result in a great number of inappropriate refer-
rals. The overestimation of malnutrition would create incor-
rect referrals, so this specificity value is important to
consider in the purposes of service provision and staffing
resources.16

There are some limitations to the current study that
should be acknowledged. One limitation that may have
impacted the predictive value of the MST was that 25% of
screening tests were conducted over the phone and not in
person. The health professional may not have had the bene-
fit of seeing the person face to face to assist in clinical judg-
ment, and also, the incidence of contradictory answers
appeared to increase over the phone, highlighting the possi-
bility of ineffectual communication with this method. As an
array of clinicians of varying disciplines are completing the
screening tool and all may have differing expertise and
training levels, this affects inter-rater reliability and is
another limitation of the current study. The exclusion of
non-English-speaking people and people with cognitive
impairment is another limitation of the study; this was due
to funding and time constraints to gain assistance from
interpreters and carers/family in completing nutrition
assessment for the purpose of research. However, it was
determined that the screening tool would still be valid as
these population groups would be reachable in screening
were it implemented in practice due to the usual availability
of interpreters and carers to assist in these situations. The
exclusion of these groups may have resulted in an underes-
timation of malnutrition prevalence in the CRP population
as those with cognitive impairment, particularly those with
dementia, are a vulnerable group often at higher risk of
nutrition problems and associated undernutrition.17 Finally,
the time between completion of the MST and SGA may also
impact on results. Ideally, the time between should be one

week or under, and the current study had an average of
10 days between completion and 20% of the SGA comple-
tion was over two weeks apart from the MST. This high-
lights that the preferred timeframe is not always achievable
in practice, and so, it may result in lower-than-desired pre-
dictive values.

The prevalence of malnutrition found in the CRP popu-
lation was 34%, which is higher than expected in the com-
munity setting (10–30%).2 As previously mentioned, this
may have even been higher still if no exclusion criteria had
been placed on the study group. This increased result of
malnutrition is more similar to the acute setting where the
MST was developed,18 which also gives merit to it being a
valid tool for this study population. As CRP patients are
usually referred after a recent hospital admission, this result
shows that malnutrition is an ongoing issue for people
returning home from hospital and highlights the need for
dietetic service provision in the CRP population as well as
the importance of timely nutrition intervention. As malnu-
trition has a variety of negative impacts on recovery and
health,1,2 helping to address this by implementing screen-
ing on admission will enhance the outcomes of
rehabilitation.

Secondary findings of this study included associations
between malnutrition and age, BMI and falls history. There
was a significant association shown between malnutrition
(diagnosed by the SGA) and age, with patients who were
older more likely to be malnourished. This was an expected
result and one that is well established in the literature as
elderly persons are at a higher risk of undernutrition due to
an array of factors, including chronic diseases, reduction in
physical activity, lowered taste and smell, alteration in den-
tition and financial difficulties.19,20 Also as expected,
patients presenting with lower BMI were more likely to be
malnourished and so opens comment on whether calculat-
ing BMI alone could be used as an indicator of malnutrition
without implementing a screening tool. BMI is a universal
tool and is a significant predictor of malnutrition, with
results below 20 kg/m2 being a marker of malnutrition.21

However, in this CRP setting where a range of allied health
clinicians would be completing nutrition screening, it may
be difficult to use solely or have as part of a screening tool
due to the burden of completion, equipment needed and
training.2 In addition, although it may be a good predictor
of malnutrition risk, there are guidelines showing that unin-
tentional weight loss is a greater predictor of malnutrition

Table 3 Relationship between nutrition status and age, BMI, falls history and appointment location for well nourished
(n = 105) and malnourished (n = 55) participants

Well nourished (SGA A) Malnourished (SGA B or C) P value

Age (n = 160) 71.29 � 12.45 77.96 � 9.88 0.001*
BMI (n = 160) 28.81 � 5.38 22.67 � 4.56 <0.001*
≥1 fall in the last 12 months 36% 50% 0.123
Required home visit 60% 75% 0.082

* the relationship is significant (p < 0.05)
BMI, body mass index; SGA, Subjective Global Assessment.
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than BMI or weight at a particular time point.2,22 It has also
been shown that BMI is less adept at detecting mild/moder-
ate malnutrition, only severe.21 The sensitivity of this meas-
urement as a single entity in estimating malnutrition risk
may also not be as high as desired, with evidence that BMI
may underestimate malnutrition in patients who have cir-
rhosis, cardiovascular disease and stroke.21 These diagnoses
are all routinely common in patients who are presenting to
CRP and indicate that a valid MST would be more effective
in this setting.

There was also an association found in the current study
that patients who were malnourished were more likely to
have a history of falls; however, this result was not signifi-
cant. However, it is worth noting that 50% of the malnour-
ished patient group had experienced a fall in the past
12 months, and this indicates a connection that is strength-
ened by available literature. There is evidence that patients
who fall are more likely to be malnourished; that is, the risk
of falling is higher when a patient presents with impaired
nutrition status.23 In addition, when there was nutritional
intervention in a residential population, the percentage of
patients who fell was lower.23 As incidence of falls is a key
outcome measure in CRP, it is worth noting that dietetic
input to address malnutrition may assist in improving falls
reduction.

An area of interest emerging from the current study is
to examine the admission diagnosis with malnutrition risk.
It was seen in the current study that patients admitted to
CRP with diagnoses in the gastroenterology, oncology and
respiratory streams may be more likely to be malnour-
ished. As some of these patients may not have been
referred to a dietitian initially after their hospital admis-
sion, it does show the value of implementing a MST for
all patients when admitted to CRP to address malnutrition
effectively. Larger sample sizes for each admission category
would be needed to draw significant conclusions with
regards to admission diagnosis and links to
malnutrition risk.

In conclusion, the MST was found to be a valid nutrition
screening tool in this CRP population. There is a sensitivity
that is acceptable within the scheme of the program and
consistent with other studied populations.5–7,10–12,16 In
addition, the relatively high specificity reduces the occur-
rence of inappropriate referrals.16 As no nutrition screening
has been routinely used in the Eastern Health CRP initial
needs identification form previously, it would show value
in being included as part of this admission questioning.
The tool is of low burden to complete and easily completed
by any allied health clinician of varying experience once
trained. As the evidence shows the importance of addres-
sing malnutrition to enhance rehabilitation and recovery,2

the role of dietetics in the CRP setting is shown as an
important part of a multidisciplinary approach for better
patient health outcomes.
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Comparison of three methods for measuring height in
rehabilitation inpatients and the impact on body mass
index classification: An open prospective study
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Abstract
Aim: To compare standing height, estimated current height and demi-span estimated height and examine their
impact on body mass index (BMI) classification.
Methods: Cross-sectional data was collected on 104 patients admitted to an adult rehabilitation ward and seen by
the dietitian. Patient’s standing, estimated current height and demi-span estimated height were collected and
grouped by age: 19–64 and ≥65 years.
Results: The limits of agreement (95% confidence interval) for estimated current height compared with standing
height were +9.9 cm and −7.9 cm, in contrast to +8.7 cm and −14.3 cm for demi-span estimated height. Demi-span
underestimated height when compared with standing height in both age groups, 19–64 years: (mean � SD)
3.0 � 6.5 cm (P = 0.001, n = 68) and ≥ 65 year age group 4.0 � 6.0 cm (P < 0.001, n = 36), resulting in a signifi-
cantly greater mean BMI (analysis of variance P < 0.001, P = 0.02). In the 19-64 and ≥65 year age groups, 3% (2/68)
and 10% (4/36) of patients, respectively, had a different BMI classification using demi-span estimated height com-
pared with standing height.
Conclusions: Estimated current height is a simple and practical alternative if standing height is unable to be
obtained when performing a nutrition assessment. Demi-span estimated height should be used with caution when
calculating BMI to assess nutritional status, particularly in the elderly.

Key words: anthropometry, body mass index, height, nutritional assessment, rehabilitation.

Introduction

An accurate height measurement is required for nutritional
assessment in order to calculate body mass index (BMI), as
well as to determine ideal body weight and basal metabolic
rate, which are important for the estimation of energy
requirements.1,2 Most validated nutrition screening and
assessment tools rely on a height measurement to inform a

nutrition diagnosis, or identify if a patient is at risk of
malnutrition.3–7 As height is squared in the BMI calcula-
tion, a small variance in height will have a large effect on
BMI.8 BMI is a strong predictor of mortality, with studies
showing individuals classified by their BMI as underweight
or overweight/obese are at a higher risk of mortality than
those within the healthy weight range.9,10 Whilst 55% of
the Australian adult population is overweight or obese (BMI
>25 kg/m2),11 the average BMI of an elderly rehabilitation
inpatient is 23 kg/m2 (lower end of healthy weight
range).12,13 Inaccurate height measurement therefore has
the potential to adversely impact optimal nutrition
management.

Current standing height is recognised as the ‘gold stand-
ard’ when calculating BMI, including in the elderly.12–15

However, due to changes in posture, spinal deformities and
inability of the patient to stand upright, it is not always pos-
sible to measure height accurately. Patients in the rehabilita-
tion setting may have medical reasons preventing them
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from standing, including lower limb or pelvis fractures,
paralysis, postural hypotension and severe infections.16 In
these situations, clinicians must use other methods to
obtain a patient’s height.

Alternative methods for estimating height include demi-
span,17 arm span,18 ulna length,19 knee height20 and esti-
mated current height.21 Whilst studies have identified esti-
mated current height as a valid and reliable method, there
are limited studies comparing estimated current height to
standing height within the adult inpatient rehabilitation
population of both under and over 65 years of age.12,18–26

Furthermore, in clinical practice, height is often obtained
by self-report and rarely measured because of inadequate
time and resources, or the inability of the patient to stand
upright.13,16,22,27,28

It is important to note that surrogate height estimates
utilising long bone measurements such as demi-span, ulna
length and knee height, report maximum adult height and
do not change with age, unlike standing height.13,17,29–33

From the age of 30 to 80 years, standing height can reduce
by 5 cm in men and 8 cm in women.31 Demi-span was
used in this study to determine its suitability in our adult
rehabilitation inpatient population compared with current
estimated or standing height. Demi-span was chosen
because of its ease of use, the ward dietitian’s familiarity
with this method and its inclusion as a surrogate height
measurement in both the Malnutrition Universal Screening
Tool (MUST)3 and Mini Nutritional Assessment (MNA)®.5

Demi-span estimated height is a measurement taken from
an individual’s outstretched arm and standing is not
required.17 The demi-span measurement is then entered
into an equation to estimate maximum adult height. Bas-
sey’s17 demi-span formula was used in this study due to
strong interrater reliability, validity and versatility of using
the equation with our study group.

The primary aim of the present study was to compare
three different methods of measuring height, and determine
their impact on BMI classification. A secondary aim was to
determine if demi-span is an accurate alternative height
measurement.

Methods

This was an open prospective study of admissions to a
rehabilitation ward in Victoria, Australia performed over a
two-year period. The ward managed patients with a range
of impairments, including neurological conditions (40%),
deconditioning following surgery or acute medical illness
(35%) and orthopaedic conditions (25%). Patients were
excluded if they had a length of stay of less than seven
days, died during admission, or were transferred to an
acute hospital and did not return. Data was collected on
all patients seen by the dietitian and included the collec-
tion of demi-span and estimated current height. Staff col-
lecting the required data did change throughout the study,
however the methodology used shows good inter-rater
reliability.17

Evaluated variables included age on admission, gender,
standing height, estimated current height, demi-span
estimated height and body weight. These were recorded on
a standardised data collection form and subsequently
entered into a password-protected database for analysis.

Standing height was measured using a permanent stadi-
ometer when the patient was able to stand upright during
their admission. The physiotherapist measured standing
height after estimated current height was obtained to elimi-
nate reporter bias. Patients had footwear removed for the
measurement, were asked to stand upright, looking straight
ahead with the head upright and not tilted, with feet flat
and heels against the wall, and readings recorded to the
nearest 0.1 cm.

Patient’s body weight was measured by nursing within the
first week of admission on chair scales, wheelchair platform
scales or via hoist, depending on the patient’s mobility, and
recorded to the nearest 0.1 kg. All scales were calibrated.
The weight was documented on a weight chart or in the
patient’s medical file.

Demi-span was measured by the dietitian with the patient
sitting or lying, from their sternal notch to the web between
the middle and ring fingers with the palm forwards. If the
patient could not fully outstretch their arm, the measure-
ment was not taken, and the patient was excluded from the
study. Height was calculated from the demi-span measure-
ment using Bassey’s17 formula:

Female : Height in cm = 1:35 × demi-span cmð Þ + 60:1
Male : Height in cm = 1:4× demi-span cmð Þ + 57:8

Estimated current height was collected within 1–2 days of
admission by the dietitian or nutrition assistant who asked
the patient, family or carer the patient’s current height. Col-
lection of estimated current height was routine clinical prac-
tice, and the objective of the project was not divulged in
order to prevent recall bias. Estimated current height was
obtained from the family or carer if the patient was unable
to report because of impaired cognition or communication
deficits, as perceived by the dietitian or nutrition assistant
and after corroboration with other members of the rehabili-
tation team. No formal screening of cognition was used for
this purpose. Patients were excluded from the study if
standing height, demi-span and estimated current height
were not all able to be collected.

BMI was calculated by weight divided by height
squared,8 where height was measured by standing, demi-
span or estimated current height. BMI reference ranges for
the 19–64 year age group were: underweight (<18.5 kg/
m2), healthy weight (18.5–24.9 kg/m2), overweight
(25–29.9 kg/m2) and obese (≥30 kg/m2).8 As per
Lipschitz,13 the ≥65 year age group or 18-64 year age group
BMI reference ranges were: underweight (<22 kg/m2),
healthy weight (22–27 kg/m2) and overweight (>27 kg/m2).

Approval to conduct this study was obtained from the
Monash Health Human Research and Ethics Committee.

Patients were divided into two age groups (19–64 years
old and ≥65 years old) for comparing the impact of the
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various height measurements on BMI due to different BMI
classifications for the elderly.13,29,30 Normally distributed
data are presented as mean and standard deviation (SD).
Categorical data are presented as number and percentage.
Non-parametric data are presented as median and inter-
quartile range. Comparison between standing height, esti-
mated current height and demi-span estimated height were
analysed using repeated measures analysis of variance
(ANOVA) and subsequent Bonferonni post hoc comparison
when appropriate. Bland–Altman34 plots were used to
assess agreement between standing height and estimated
height (current reported and demi-span). Cohen’s kappa
coefficient was used to assess agreement in BMI classifica-
tion when BMI was calculated using standing height com-
pared with estimated current height. P < 0.05 was
considered statistically significant. Statistical analysis was
performed using IBM SPSS© version 20 (Armonk, New
York, USA).

Results

A total of 104 patients were seen by the dietitian (median
age 60 years, range 19–91) and included in this study. The
median age (Interquartile range, IQR) for the 19–64 year

age group was 56 (45.0, 59.0) years, with a median admis-
sion weight (IQR) of 72.2 kg (58.0, 91.0); 36 were female
(53%). The ≥65 year age group had a median age (IQR) of
71 (67.7, 76.0) years, range 65–91 years, and median
admission weight (IQR) was 70.5 kg (58.6, 80.8); 16 were
female (44%).

Mean estimated current height was similar in both the
19–64 year age group (Table 1) and ≥65 year age group
(Table 2). For the entire patient cohort, agreement between
estimated current height and standing height showed no
systematic bias between the measures. The mean difference
between estimated current height and standing height was
+1 cm, and the upper and lower limits of agreement (95%
confidence interval) were 9.9 cm and −7.9 cm, respectively
(Figure 1). Patients were classified as underweight, healthy
weight, overweight or obese by the BMI calculation. BMI
classification using estimated current height agreed strongly
with BMI classification using standing height in both the
younger and older age groups (Tables 1 and 2).

The mean (� SD) demi-span estimated height was signif-
icantly lower compared with standing and estimated cur-
rent height in both the 19–64 year age group (Table 1) and
≥65 year age groups (Table 2). The mean difference
(n = 104) between demi-span estimated height and

Table 1 Comparison of height measurements and impact on BMI for patients aged 19-64 years; n = 68

Method of height measurement

Standing Demi-span Estimated current

Height (m) mean � SD 1.66 � 0.1 1.63 � 0.1* 1.67 � 0.1
BMI (kg/m2) mean � SD 28.88 � 10.0 30.08 � 10.7* 28.58 � 10.2
BMI classification (kg/m2), n (%)

Underweight (<18.5) 5 (7.4) 3 (4.4) 6 (8.8)
Healthy weight (18.5–24.9) 23 (33.8) 23 (33.8) 22 (32.4)
Overweight (25–29.9) 19 (27.9) 19 (27.9) 19 (27.9)
Obese (≥30) 21 (30.9) 23 (33.8) 21 (30.9)

BMI classification (agreement with standing BMI) κ 0.748 κ 0.897

Bonferonni post hoc comparison: *P < 0.001 demi-span vs. standing and estimated current height. Data were analysed using repeated mea-
sures ANOVA.
BMI, body mass index; SD, standard deviation.

Table 2 Comparison of height measurements and impact on BMI for patients aged ≥65 years; n = 36

Method of height measurement

Standing Demi-span Estimated current

Height (m) mean � SD 1.66 � 0.1 1.62 � 0.1* 1.67 � 0.1
BMI (kg/m2) mean � SD 25.98 � 4.5 26.74 � 5.1* 25.82 � 4.80
BMI classification (kg/m2), n (%)

Underweight (<22) 8 (22.2) 8 (22.2) 8 (22.2)
Healthy weight (22–27) 15 (41.7) 11 (30.6) 15 (41.7)
Overweight (>27) 13 (36.1) 17 (47.2) 13 (36.1)

BMI classification (agreement with standing BMI) κ 0.745 κ 0.828

Bonferonni post hoc comparison: *P < 0.05 demi-span vs. standing and estimated current height. Data were analysed using repeated mea-
sures ANOVA.
BMI, body mass index; SD, standard deviation.
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standing height was −3 cm with upper and lower limits of
agreement (95% CI) of 8.7 cm and −14.3 cm, respectively.
There was no systematic bias between the measures.

Demi-span estimated height used to calculate BMI led to
more patients in the 19–64 age group (Table 1) classified as
obese and fewer as underweight, and in the ≥65 year age
group (Table 2), more were classified as overweight and
fewer as healthy weight compared with BMI classifications
based on standing height.

Discussion

The present study found measured standing height and esti-
mated current height produced similar results with compara-
ble BMI classifications in both age groups analysed (19–64 and
≥65 years). In comparison, demi-span underestimated height
in both age groups and subsequently classified more patients
as overweight or obese. This study demonstrated that esti-
mated current height may be used as an alternative to meas-
ured height within this inpatient rehabilitation setting. This is
an important finding to ensure the efficiency of a dietitian's
time, accuracy of BMI classification and subsequent nutritional
management, and is also less obtrusive for the patient.

There are important clinical implications from our
results. Clinicians need to be aware of how the BMI calcula-
tion is derived, especially in the elderly. Using current
height compared to estimated maximum adult height in the

elderly will impact BMI calculation, which subsequently
informs the nutrition assessment.21,26,35 Screening tools
such as the MUST3 and MNA®5 recommend standing
height to calculate BMI for malnutrition risk scoring, and if
unable to obtain, they recommend alternative height mea-
surements of demi-span, ulna length and knee length. They
do not use estimated current height as an alternative. Our
results suggest that estimated current height may be a more
appropriate alternative if unable to measure standing height
in an inpatient rehabilitation population similar to that used
in the present study.

Whilst our study found good agreement between stand-
ing height and estimated current height, other studies have
not.36–38 This difference may be due to younger study
populations overestimating current height, the environment
in which the study was conducted (community and emer-
gency department), cultural differences and other variables
obtained that may bias estimated height, such as estimated
weight.36–38 This is supported by Mozumdar and
Liguori’s39 findings that misreporting of estimated current
height was related to age and ethnicity, in addition to gen-
der and body weight. Their use of correction equations
when using estimated current height based on the above
variables is an important consideration for future studies.39

Demi-span underestimated height in the study cohort by
up to 14.3 cm, therefore caution is suggested when using
this alternative measurement. A possible reason for variation
may have been the inclusion of demi-span measurements for
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Figure 1 Bland–Altman plots of the agreement between estimated current height and demi-span estimated height compared
to standing height (n = 104, 19–64 and ≥65 year age groups combined).
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patients lying, as well as sitting, however this was a practical
choice for this study in the clinical setting. Frid et al.25 also
concluded that demi-span should be considered as a ‘last
resort’. Misclassification of overweight in the elderly by use
of demi-span estimated height may have implications in
terms of unwarranted dietary restrictions or interventions.

It was observed in this study and others40 that some eld-
erly patients had difficulty outstretching their arm and fac-
ing their palm forward for the demi-span measurement to
be obtained. Whilst patients were excluded if this measure-
ment could not be performed, it does suggest that the
demi-span measurement may not be practical for estimating
height in this study group.

Strengths of this study include that this is the first study
focusing on height measurement methods and their impact
on BMI within the general rehabilitation inpatient setting.
Measured standing height was performed by a physiothera-
pist, and estimated current height was collected by the
ward dietitian or nutrition assistant to reduce bias in the
data collection. Importantly, we have shown that when
patients cannot stand upright, estimated current height is
preferred to the demi-span. Whilst this study was con-
ducted on an inpatient rehabilitation ward, utilisation of
estimated current height as an alternative height measure-
ment could be applied in other rehabilitation and aged-care
inpatient and community settings. A subject’s cognitive
capacity should be considered, and family or carers utilised
to estimate height if required, similar to the methodology of
our study.

Whilst numerous ward staff were involved in measuring
standing height and demi-span estimated height, as would
happen in clinical practice, previous studies have shown
that inter-rater reliability of both measurements is strong.17

Interview bias may have occurred with the collection of
estimated current height due to more than one staff mem-
ber collecting this information. Whilst Cohen’s kappa coef-
ficient reported the agreement in BMI classification when
calculated using standing height compared with estimated
current height, this may not represent all individual
changes in BMI classification that may result from using the
different height methodology.

A limitation was that participants in the study were those
who were referred to the ward dietitian, highlighting their
possible higher risk of malnutrition, causing an altered BMI
compared to the general population. However, our previous
study in this similar rehabilitation setting indicates that
90% of patients are malnourished or at risk of malnutri-
tion,41 therefore this should not markedly alter the generali-
sability of the findings.

A further study utilising a larger sample size within the
inpatient rehabilitation population to validate the accuracy
of estimated current height is recommended, as this would
be a practical and valuable bedside tool for dietitians. Con-
sideration of factors that may impact estimated current
height, including patient cognition, gender and ethnic back-
ground, are recommended.42,43

In conclusion, if standing height is unable to be obtained
in the inpatient rehabilitation setting, estimated current

height is a suitable alternative. We suggest that demi-span
estimated height should be used with caution, particularly
in the elderly, when calculating BMI because of the poten-
tial impact on BMI classification in relation to nutritional
assessment and subsequent nutrition management of a
patient.
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Abstract
Aim: Malnutrition has a significant impact on patient outcomes and duration of inpatient stay. However, conducting
timely nutrition assessments can be challenging for rural dietitians. A solution could be for allied health assistants
(AHAs) to assist with these assessments. The present study aimed to assess the accuracy and confidence of AHAs
trained to conduct the subjective global assessment (SGA) compared with dietitians.
Methods: A non-inferiority study design was adopted. Forty-five adult inpatients admitted to a rural and remote
health service were assessed independently by both a trained AHA and dietitian within 24 hours. The order of
assessment was randomised, with the second assessor blind to the outcome of the initial SGA. Levels of agreement
were examined using kappa and percent exact agreement (PEA; set a priori at ≥80%). Rater confidence after each
assessment was assessed using a 10-point scale.
Results: Agreement for overall SGA ratings was high (kappa = 0.84; PEA 84.4%). PEA for individual sub-components
of the SGA ranged from 66.4 to 86.7%. Where discrepancies were identified in global SGA ratings, AHAs provided a
more severe rating of malnutrition than dietitians. AHAs reported significantly lower confidence than dietitians
(t = 4.49, P < 0.001), although mean confidence for both groups was quite high (AHA=7.5, dietitians = 9.0).
Conclusions: Trained AHAs completed the SGA with similar accuracy to dietitians. Using AHAs may help facilitate
timely nutrition assessment in rural health services when a dietitian is not physically present. Further investigation is
required to determine the benefits of incorporating this extended role into rural and remote health-care services.

Key words: allied health assistant, malnutrition, nutrition assessment, subjective global assessment.

Introduction

Malnutrition (under-nutrition) in the hospital setting has
been studied extensively, with the prevalence reported to
be approximately 30% of acute adult inpatients in
Australian and New Zealand hospitals.1 Malnutrition is a

significant issue as it incurs greater health costs due to
increased length of stay, morbidity (including risk of pres-
sure areas) and mortality.2–4 In the Australian health-care
context, malnutrition is defined as a body mass index of
less than 18.5 kg/m2 or unintentional weight loss of 5% or
greater, with evidence of suboptimal intake resulting in sub-
cutaneous fat loss and/or muscle wasting.5,6

Early identification of malnutrition in hospitals is impor-
tant in order to reduce adverse health outcomes.2–4 One
strategy recommended to improve the timely identification
of patients at risk of malnutrition is the implementation of
validated nutrition screening tools, such as the malnutrition
screening tool (MST).4,7,8 In Australia, it is common for
malnutrition screening to be completed by nursing or allied
health assistant (AHA) staff.7 Once a patient is identified as
at risk of malnutrition on screening, comprehensive
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nutrition assessment is required by a dietitian to diagnose
malnutrition and develop a nutrition care plan to improve
health outcomes as part of the nutrition care process.4

Although there is no agreed ‘gold’ standard for completing
malnutrition assessment, the subjective global assessment
(SGA) is routinely used because it is valid, has good inter-rater
reliability, is relatively quick and easy to administer at the
patient bedside and aligns with the International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision, Australia Modification (ICD-10-AM) definition of
malnutrition.1,4,6,9–12 The SGA includes two components:
(i) medical history including weight history, changes in oral
intake, gastrointestinal (GIT) symptoms and functional capac-
ity and (ii) physical assessment of the presence and severity of
muscle wasting and loss of subcutaneous fat.9 The SGA then
provides a global rating of nutritional status, with patients
classified as well nourished (A), moderately malnourished or
suspected malnourishment (B) or severely malnourished (C).9

Whilst the process of conducting routine patient screen-
ing followed by comprehensive assessment is easily com-
pleted in services with local dietetic staff, providing services
to inpatients in rural and remote areas of Australia is more
challenging. In many cases, the dietitians employed within
rural and remote services provide support for communities
over large geographical areas. As a consequence, they often
need to conduct initial nutrition assessments by phone for
patients located at distant sites. These nutrition assessments
are often incomplete due to an inability to conduct the
physical assessment component of the SGA. Lack of com-
plete and accurate information to form a malnutrition diag-
nosis means patients at increased risk of developing
nutrition-related complications may not be comprehen-
sively evaluated and treated in a timely manner.

A possible solution to this problem is for another member
of the health-care team to complete the nutrition assessment

when a dietitian cannot be physically present. In Queensland,
Australia, AHAs are well placed within rural and remote ser-
vices to assist dietitians to complete the SGA as they routinely
travel to other sites to complete delegated tasks. AHAs are
used within health-care teams to improve the efficiency of
care and workload management by providing clinical support
to allied health professions, including dietitians, through com-
pletion of delegated tasks under supervision.13 AHAs are clas-
sified as either full scope or advanced scope, with the amount
of supervision required being determined by level of experi-
ence, qualifications and skills.13 AHA scope of practice
includes tasks for which they have been trained and have
undertaken competency assessment, with delegated tasks
dependant on the needs of the service.13

While screening for malnutrition risk as a precursor to
nutrition assessment is considered within scope of practice
for AHAs in Australia, to date, there have been no pub-
lished studies examining the potential for dietitians to dele-
gate the completion of SGAs to AHAs. Hence, the purpose
of the present study was to investigate whether AHAs can
be trained to assist dietitians to assess rural and remote hos-
pital inpatients for malnutrition using the SGA and to
improve timely malnutrition assessment in at-risk patients.
The primary aim of the study was to assess the accuracy of
nutrition assessment using the SGA completed by trained
AHAs compared with a dietitian. The secondary aim of the
study was to compare AHA confidence when conducting
SGAs to that of a dietitian.

Methods

The preliminary feasibility study using a non-inferiority
design was conducted across the Roma, St George and
Charleville Hospitals within the Southwest Hospital and
Health Service (SWHHS, a rural and remote health service)
within Queensland Australia. Hospitals ranged in size from
24 to 39 beds (bed occupancy rates between 24 and 59%)
and included acute and subacute services (no intensive care
services). The study was conducted with ethical approval
from the Prince Charles Hospital Human Research Ethics
Committee, and all participants provided informed consent.

There were three participant groups in the present study:
AHAs (n = 5) and dietitians (n = 3) working in SWHHS
and a cohort of inpatients. AHA and dietitian participant
demographics are documented in Table 1. All AHAs had
completed Certificate IV in Allied Health Assistance, and all
dietitians were Accredited Practising Dietitians (APDs) with
the Dietitians Association of Australia.

Inter-rater reliability of SGA administration between the
three dietitians was established at the commencement of
the study. All dietitians independently assessed the same
14 patients, who were independent of the 45 inpatients
later recruited to the study (patient MST scores ranged
0–2). Each dietitian led 4 or 5 of the 14 assessments, with
the leading dietitian eliciting the medical history from the
patient and all three dietitians interpreting patient responses
independently and conducting their own physical exam.
Reliability between the dietitians was high (kappa = 0.96;

Table 1 Dietitian and AHA participant demographics

AHAs (n = 5) Dietitians (n = 3)

Gender
Female 5 3

Work status
Full time 5 3

Work classification
AHA 1 —

Adv AHA 4 —

Dietitian — 2
Senior dietitian — 1

Education level
Cert IV AHA 5 —

Bachelor degree — 3
Years of practice

1–2 1 2
2–6 1
6–11 3 1

Adv AHA, advanced allied health assistant; AHA, allied health
assistant; Cert IV AHA, certificate IV allied health assistance.
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92.9% percent exact agreement (PEA)) for overall SGA rat-
ings, although variability in agreement levels was observed
across SGA sub-components, ranging from kappa = 0.22
(57.1% PEA) for muscle wasting to kappa = 0.89 (92.9%
PEA) for gastrointestinal symptoms.

Inclusion criteria for the hospital inpatient group were
>18 years of age, not pregnant and no history of mental
health conditions. Patients with cognitive or communica-
tion deficits (including those with English as a second lan-
guage) were excluded due to difficulties in completing the
SGA medical history sub-components for these patients.
A convenience sample of 45 patient participants was
recruited across the three sites.

Prior to the study, AHAs and dietitians working in
SWHHS completed systematic training to administer the
SGA. A group training program covering the definition and
clinical features of malnutrition, importance of malnutrition
identification and background information about develop-
ment of the SGA was facilitated by an external dietitian
experienced in teaching and conducting nutrition assess-
ments. A training video demonstrating how to complete the
SGA, including case examples, was then viewed,14 with an
opportunity provided to discuss case examples and practi-
cal applications of the SGA. AHAs were then paired with a
dietitian to practice administering the SGA in a clinical con-
text. Immediate feedback was provided to the AHAs regard-
ing their patient interview, physical examination and global
SGA rating. After initial training, it was determined that
some SGA features9 were not easily translated into ques-
tions. Therefore, a training guide was developed to provide
AHAs with examples of questions to elicit responses
required to complete SGA ratings (see Appendix I).

In the second phase of training, AHAs completed
between two and five independent SGA administrations,
supervised by a dietitian. A performance criteria assessment
tool (see Appendix II) was used to determine AHA compe-
tence to complete the SGA in accordance with standardised
administration protocols. All AHAs achieved competency,
with the average number of supervised sessions being three.
Total training time was approximately 6 hours per AHA,
inclusive of competency assessments.

Malnutrition screening using the MST8 was conducted
on all consenting inpatients by an AHA or clinician not oth-
erwise involved in assessing the patient for the study. On
the basis of MST results, inpatients were then classified into
three categories: minimal risk (MST = 0), low to at risk
(MST = 1–2) and increased risk (MST = 3–5). AHAs were
paired with the dietitian at their local site, with the alloca-
tion of participants to each AHA–dietitian pair conducted
by the consenting AHA or clinician, to ensure that the
patient had not been seen by the pair during the preceding
three months and that each pair assessed patients with a
range of nutritional risk severity.

Following allocation, the AHA and dietitian pair com-
pleted independent assessment of the inpatient, no longer
than 24 hours apart. The order of assessment was rando-
mised based on a computer-generated randomisation table,
with half of the patients assessed first by an AHA and half

assessed first by a dietitian. Each individual AHA completed
a minimum of three assessments (range 3–13 assessments).
The total number of assessments by each pair depended on
the availability of consenting patients at each site during the
study period.

The SGA was administered as per the training program,
although the dietitians all had previous knowledge and
experience in administering SGAs. The only exception was
that dietitians often seek collateral information from family
or carers to complete SGAs; however, for the purposes of
the present study, only the patient was allowed to provide
information, with no contributions from family members
sought, to ensure comparable testing environments. AHAs
and dietitians were instructed to document a rating for each
of the eight sub-components of the SGA (weight, dietary
intake, gastrointestinal symptoms, functional capacity, mus-
cle wasting, loss of subcutaneous fat, oedema and ascites)
and an overall rating, with no mixed ratings (e.g. rating A/B
or B/C) allowed. During training, AHAs and dietitians were
advised to consider the effect of the patient’s medical condi-
tion on SGA parameters when allocating ratings and to doc-
ument factors that affected decisions. At the end of each
assessment, dietitians and AHAs were asked to rate their
level of confidence completing the SGA assessment using a
10-cm visual analogue scale with the end anchors being ‘no
confidence’ and ‘confident’.

As the study used a non-inferiority design, levels of
agreement statistics were calculated for overall SGA rating
and for each sub-component of the SGA. The minimum
acceptable level of agreement was set a priori and included
Cohen’s kappa of >0.6 (indicating substantial agreement15)
and/or PEA of ≥80%. Where disagreements occurred, com-
ments influencing rater decisions were reviewed and allo-
cated to a theme. An independent t-test was used to
compare the confidence ratings reported by dietitians and
AHAs when completing the SGA for each participant.

Results

Inpatient study participant characteristics have been
included in Table 2, and the results of SGAs completed by
the AHA and dietitian pairs have been included in Table 3.
The minimum acceptable agreement criteria were met for
overall SGA ratings and for five of the eight SGA sub-com-
ponents. There were 7 out of the total 45 assessments
where the dietitian and AHA did not agree on the overall
rating. In five of these cases, the AHA gave a greater global
rating of malnutrition than the dietitian (i.e. a rating of B or
C where the dietitian rated A or B).

The sub-component of greatest disagreement was func-
tional impairment, with 15 out of 45 cases of disagreement.
The primary reason identified for disagreement was failure
of the AHA to take the patient’s diagnosis or usual function
into consideration when forming the rating (n = 5). Sec-
ondary reasons include different emphasis placed on para-
meters within SGA sub-components with mixed ratings
(n = 1) and rating error through incorrect use of SGA
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(n = 1), with no clear reason for the discrepancy in eight
cases.

The weight sub-component had the second highest level
of disagreement. A review of SGA rating sheets found that
weight disagreements resulted from reasons including dif-
ference in weighting placed on recent versus. longer-term
changes (e.g. a ‘B’ for weight loss over six months vs a ‘C’
for weight change over two weeks) (n = 3), omission or
errors of weight loss percentage calculation (n = 4), no con-
sideration of intentional weight loss or fluid loss (n = 2),
errors or omission following rating instructions (n = 3) and
apparent conflicting information provided by
patients (n = 3).

An independent t-test was conducted to compare the
confidence of AHAs to dietitians. Dietitians rated their con-
fidence significantly higher than AHAs (M = 9.00, SD =
1.37 compared with M = 7.52, SD = 1.71; t = 4.49,
P = <0.001). The magnitude of the differences in the means
(mean difference = 1.47, 95% CI: 0.82–2.12) was small
(eta squared = 0.18). Where disagreements were found
between dietitian and AHA overall SGA ratings, both
groups were noted to report lower average confidence levels
(7.2 and 6.5, respectively).

Discussion

The level of agreement between the dietitians and AHAs for
the overall SGA rating (84.4%) is considered ‘almost per-
fect’15 and consistent with previous studies assessing relia-
bility of the SGA. Detsky et al.9 demonstrated substantial
reliability during the development of the SGA when asses-
sing 109 patients, with a PEA 91% and kappa of 0.78. Nur-
sal et al.10 reported almost perfect agreement between two
clinicians assessing 2099 patients, with a kappa of 0.88.
Another study involving both new graduates and experi-
enced dietitians found that experienced dietitians agreed
with an exemplar dietitian in 89–100% of cases
(kappa = 0.61–1.00), whilst new graduates only agreed
between 56 and 100% of the time (kappa = 0.00–1.00).16

The results of that study suggested that rater reliability
improves with increased experience.16 Thus, there is poten-
tial for further increases in the reliability of AHAs adminis-
tering the SGA as they gain more experience over time.

Although the level of agreement between AHAs and die-
titians for the overall SGA score met the clinical criteria set
in this non-inferiority study, the seven cases of disagree-
ment were examined further to inform future research. In
five of the seven disagreements, the AHAs were more

Table 2 Patient participant characteristics

Patients (n = 45)

Gender
Female 44.4% (n = 20)
Male 55.6% (n = 25)

Mean Age (years) 54.6 (SD 21.8)
Reason for admission

Infection 22.2% (n = 10)
Gastrointestinal 13.3% (n = 6)
Pain 11.1% (n = 5)
Cardiac 8.9% (n = 4)
Respiratory 8.9% (n = 4)
Rehab 6.7% (n = 3)
Renal 4.4% (n = 2)
Other 24.5% (n = 11)

Malnutrition risk
Low (MST 0–1) (n = 32)
At risk (MST ≥2) (n = 13)

MST, malnutrition screening tool.

Table 3 Agreement of SGA between dietitian (n = 3) and AHA (n = 5) as administered on 45 patient participants

Subjective global assessment scores Percent
exact

agreement;
% (n)

A; % (n) B; % (n) C; % (n)

Dietitian AHA Dietitian AHA Dietitian AHA K (P)

Overall rating 84.4 (38) 80.0 (36) 15.5 (7) 17.8 (8) — 2.2 (1) 84.4 (38) 0.839 (<0.001)
Weight 75.6 (34) 77.8 (35) 20.0 (9) 8.9 (4) 4.4 (2) 13.3 (6) 73.3 (33) 0.739 (<0.001)
Dietary intake 77.8 (35) 82.2 (37) 20 (9) 15.6 (7) 2.2 (1) 2.2 (1) 77.8 (35) 0.774 (<0.001)
Gastrointestinal

symptoms
84.4 (38) 84.4 (38) 15.6 (7) 13.3 (6) — 2.2 (1) 82.2 (37) 0.812 (<0.001)

functional
capacity

84.4 (38) 71.1 (32) 13.3 (6) 28.9 (13) 2.2 (1) — 66.4 (30) 0.668 (<0.001)

Subcutaneous
fat

93.3 (42) 77.8 (35) 6.7 (3) 22.2 (10) — — 82.2 (37) 0.835 (<0.001)

Muscle wasting 86.7 (39) 80 (36) 11.1 (5) 17.8 (8) 2.2 (1) 2.2 (1) 86.7 (39) 0.884 (<0.001)
Oedema 82.2 (37)(a) 91.1 (41) 13.3 (6) 8.9 (4) — — 88.4 (40) 0.854 (<0.001)
Ascites 100 (19)(b) 97.8 (44)(c) — — — — 100% (19) 1.0 (<0.001)

(a) n = 43 due to non-rating.
(b) 26 – not rated as per instructions to leave score blank if no liver disease.
(c) One participant not given a rating.
AHA, allied health assistant; K, Cohen’s kappa; n, number of participants.
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conservative, allocating a greater global rating of malnutri-
tion than the dietitian (i.e. moderate malnutrition where the
dietitian may have assessed well nourished). A close review
of the SGA rating sheets revealed that all but one of the rea-
sons for the differences were due to administrative errors
such as number reversals when recording weight, weight
loss percentage calculation error and oral intake rating allo-
cation error. On closer examination of ratings for the two
cases where the AHA scored less conservatively than the
dietitian, it was noted that the dietitian had made additional
descriptive comments of ‘suspected malnutrition’ on the
scoresheets, indicating that these patients were borderline
in terms of their nutritional state.

Although high levels of agreement were obtained for the
overall SGA score, comparison of the eight SGA sub-
components showed variable levels of agreement. Areas that
had observed high agreement included the physical assess-
ment sub-components of the SGA, loss of subcutaneous fat
and muscle wasting. Despite almost perfect agreement for
these sub-components, there was variability in ratings for
the 11 individual parameters. Detsky et al.9 acknowledge
that this part of the SGA is not precise and is merely a sub-
jective impression of the loss of subcutaneous fat and bulk
and tone of the muscle; thus, a greater level of disagreement
would be expected.

The sub-components where disagreement occurred more
frequently were weight and functional capacity. Disagree-
ment in weight data was not anticipated as it was assumed
there would be no subjectivity collecting information on
weight history. During training, participants were instructed
to consider alternate reasons for weight loss when giving a
rating (e.g. fluid loss) and given examples of how to treat
mixed ratings. However, calculation of weight loss percent-
age was assumed knowledge. The current data support the
need to address this issue further in training and ensure
that AHAs are more adequately prepared for rating this
component of the assessment.

Similarly, for the functional capacity sub-component,
participants were instructed during training to consider if
changes in function or energy level were related to nutrition
status, and if not, an ‘A’ rating should be given for this sub-
component; therefore, at least six cases of disagreement
were due to incorrect application of the SGA.14 The dis-
crimination of the precise cause of functional impairment
(i.e. due to nutritional versus non-nutritional causes)
requires a good understanding of the pathophysiology
behind the medical diagnosis and comorbidities, which
may be beyond the knowledge of an AHA.

As to be expected, average AHA confidence was signifi-
cantly less than that of the experienced dietitians. However,
overall average AHA confidence was 7.52 out of 10, indicat-
ing that they were largely comfortable performing this
expanded scope role. Confidence appeared to be case-
dependent as evidenced by a reduction in the average confi-
dence of both dietitians and AHAs for cases where there
was global disagreement. This suggests there were charac-
teristics of these cases that made the assessment more com-
plex or challenging, subsequently affecting confidence level.

It is expected that AHA confidence would improve over
time with practice, just as reliability has been shown to
improve amongst dietitians with an increased level of
experience.16

It is possible that the subjectivity of some elements of
the SGA may have contributed to both the mixed results
for sub-components and AHAs levels of confidence. Detsky
et al.9 recognised that the subjective nature of the SGA
allows flexibility for capturing subtle changes in clinical
variables and consideration of non-nutrition-related factors.
However, the difficulties of administering a subjective
assessment for the purpose of malnutrition diagnosis
include reproducibility and the level of experience required
for clinicians to be able to detect nutritional changes.9,12

Consequently, it is recommended that those performing the
SGA should be familiar with the tool in order to reduce
subjectivity and improve accuracy and reproducibility.11

This means AHAs require regular practice and training to
improve SGA competency and reliability.

The results of the study suggest that AHAs can be safely
delegated the task of administering the SGA in rural hospi-
tals to assist dietitians in malnutrition assessment. However,
it is possible that further increases in accuracy may be
achieved by having the AHAs conduct their assessment and
then provide the completed SGA scoresheet to the dietitian.
This could enable the dietitian to more adequately review
the scoresheet and, with consideration of other clinical
information (including the medical diagnosis and impact
on function), form an independent overall SGA score and
nutrition diagnosis.

It is acknowledged that there are limitations in the pres-
ent study. A relatively small number of patients were evalu-
ated and patients with cognitive impairment (including
dementia) were excluded. Patients with dementia may be
more difficult to assess due to impaired reporting abilities,
and so, how this may impact on AHA decision-making is
unknown. It is also noted that there were no patients with
severe malnutrition included in the study. The rural and
remote hospitals included in the study do not provide treat-
ment for patients with disease states at high risk of severe
malnutrition, such as those requiring treatment for major
burns, radiation oncology, major gastrointestinal surgery,
acute eating disorders, critical illness, head injury or major
trauma requiring intensive care.4,17,18 Hence, issues recruit-
ing patients with severe malnutrition into the present study
were expected. The study also explored the reliability and
confidence of the AHAs over a short implementation
period. As such, whether or not confidence and reliability
would improve with greater levels of experience or be nega-
tively influenced if the AHA had limited opportunities to
use their skills are yet to be confirmed.

In conclusion, trained AHAs can administer the SGA
with acceptable levels of clinical accuracy compared with
dietitians in rural hospitals. AHA confidence was adequate
for performing assessments, although it was naturally lower
than the experienced dietitians. Further studies are required
to assess whether AHA confidence increases with greater
experience over time and frequency of AHA training
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required to maintain competency and whether the results
of the present study can be replicated across other services.
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Appendix I. SGA training guide

Medical history Notes

WEIGHT Past six months (or longer)
• Has your weight changed over the past six

months? Was it stable prior to that?
• What was your usual weight six months ago?
• What is your weight at the moment?
Past two weeks
• Has your weight changed over the past two

weeks?
• Has your weight increased, decreased or

stayed the same over the past two weeks?

Cross check in medical notes
If patient unsure about weight, ask if change in

clothing size, jewellery, belt, family/ friends
commenting on weight change

DIETARY INTAKE Past month (or longer)
• Do you think you are eating more or less

than usual over the past month?
• Compared to what you usually eat, what is

your intake like at the moment?
• Would you say you are you eating less than

25%, 50% or 75% of your usual intake?
• How long have not been eating well for?
Past two weeks
• Has your food intake increased, decreased or

stayed the same over the past two weeks?

If unsure about how to assess intake, you
might like to take a very brief diet history
e.g. how many meals a day do you eat, give
me an example of a breakfast/ lunch/ dinner
meal

75% + = A
~50% = B
<25% = C

GASTROINTESTINAL
SYMPTOMS

Presence of symptoms
• Have you had any nausea (feeling sick in the

stomach) or vomiting?
• How have your bowels been? Have you had

any diarrhoea?
• How has your appetite been recently? Have

there been times when you feel like you have
no appetite/don’t feel hungry/no interest in
food?

Frequency, duration
• How often does this occur?
• How many times a day/week would you

experience these symptoms?
• How long has this been happening for?
Effect on intake
• Have these symptoms affected the amount of

food you have been eating?

Remember to only consider symptoms that
have been present on a daily basis for 2+
weeks and have limited food intake.

FUNCTIONAL
CAPACITY

Past month (or longer)
• Have you noticed any change in your energy

levels or strength, which have affected your
ability to do your usual daily activities?

• Do you find that you need to spend more
time resting in the bed or chair?

Past two weeks
• Has your energy and strength levels

improved, decreased or stayed the same over
the past 2 weeks?

Examples of daily activities – jobs around the
house, gardening, cooking, work, etc.

Remember to only consider changes unrelated
to medical/other issues.

Tips for making your assessment:
• Provide a score for each part of the medical history based on all of the information that you receive for that section. If you

think the patient is borderline, then consider the recent trend – is this patient improving or declining in the past two
weeks? This will often help you decide which rating to give.
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• When providing an overall rating of A, B or C, consider all parts of the assessment. Do they make sense when brought all
together? Again, if you think the patient is borderline, consider the recent trend – have they improved significantly
(e.g. good weight gain, consistently improved intake)?

• It is possible for a patient to be A (well nourished) but at risk of malnutrition. These patients may have some symptoms
and decreased intake, but not enough to yet see changes in weight or fat/muscle stores. You would class these patients as
SGA A as they are not yet malnourished.

Appendix II. SGA performance criteria assessment tool

Knowledge
acquired

Supervised
task practice

Competency
assessment

Performance Criteria
Date and
initials

Date and
initials

Date and
initials

1. Demonstrates knowledge of fundamental concepts required to undertake
the task.

2. Completes preparation for task including;
a) Reviews client’s medical record to identify any contraindications/

precautions for conducting SGA, as well as to assist in completing the
first section of the SGA i.e. weight changes, dietary changes,
gastrointestinal impairment and functional impairment.

b) Gathers required equipment- scales, SGA template and pen.
3. Describes task and seeks informed consent.
4. Positions self and client appropriately and safely throughout task.
5. Delivers task effectively and safely as per CTI procedure in accordance

with the clinical reasoning record:
a) Clearly explains and demonstrates task, checking client’s

understanding.
b) Administers SGA- asks client the questions in order, as per the

template.
i. Obtains weight history (six months and two weeks), correctly

converts to % weight change and correctly attributes an overall score
for weight change

ii. Qualitatively assesses dietary adequacy and correctly attributes an
overall score for dietary intake

iii. Obtains history of symptoms, and correctly attributes a score based
on duration and impact on dietary intake

iv. Obtains history of functional status and correctly attributes a score
(accounting for non-nutritional factors assoc. with functional
decline)

v. Assesses all sites for loss of fat stores or muscle wasting, and
correctly attributes an overall score for physical examination

c) Scores SGA appropriately. A, well nourished; B, moderately
malnourished; C, severely malnourished.

Comments:

Record of assessment of competence
Assessor name: Assessor position: Competence achieved: / /
Scheduled review
Review date / /
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