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Abstract

People experiencing a severe mental illness (SMI), such as schizophrenia,

schizoaffective disorder, bipolar affective disorder or depression with psy-

chotic features, have a 20-year mortality gap compared to the general popu-

lation. This ‘scandal of premature mortality’ is primarily driven by

preventable cardiometabolic disease, and recent research suggests that the

mortality gap is widening. Multidisciplinary mental health teams often

include psychiatrists, clinical psychologists, specialist mental health nurses,

social workers and occupational therapists, offering a range of pharmacolog-

ical and nonpharmacological treatments to enhance the recovery of clients

who have experienced, or are experiencing a SMI. Until recently, lifestyle

and life skills interventions targeting the poor physical health experienced

by people living with SMI have not been offered in most routine clinical

settings. Furthermore, there are calls to include dietary intervention as

mainstream in psychiatry to enhance mental health recovery. With the inte-

gration of dietitians being a relatively new approach, it is important to

review and assess the literature to inform practice. This review assesses the

dietary challenges experienced by people with a SMI and discusses potential

strategies for improving mental and physical health.

Understanding severe mental illness

Severe mental illness (SMI) is a term most frequently used

to describe people experiencing a psychotic illness, where

the psychosis refers to a loss of contact with reality. Psy-

chosis is a key component of several psychiatric disorders,

including schizophrenia, schizoaffective disorder, bipolar

affective disorder, psychotic depression, drug-induced

psychosis and organic psychosis (1). People with psy-

chotic symptoms experience changes in thoughts, beliefs,

feelings and/or behaviour. Psychotic symptoms include: (i)

hallucinations- seeing, hearing, feeling, tasting something

not experienced by others; (ii) delusions- firmly held, false

beliefs not consistent with ones culture; and (iii) disorgan-

ised speech and behaviour, such as incorporating unrelated

topics during conversation, and producing an inappropri-

ate emotional response to a situation. In addition, people

living with SMI also experience ‘negative symptoms’, which

include being withdrawn, an inability to feel pleasure, lack

of interest, low levels of motivation and emotional blunt-

ing. They may also experience cognitive impairments,

including memory and planning deficits, as well as sleep

disturbances.(1). Treatments for psychotic illness include

antipsychotic medications (APMs), which are frequently
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combined with psychosocial interventions delivered by a

multidisciplinary team.

Common psychosocial interventions include mindful-

ness, cognitive behaviour therapy (CBT) and dialectical

behaviour therapy (DBT). Historically, core members of

mental health treatment teams have included psychia-

trists, clinical psychologists, nursing specialists, social

workers and occupational therapists. Dietitians have

appeared inconsistently, limited to mental health ser-

vices committed to physical health, where resources

have been permitted. It is well-recognised that people

living with a SMI experience a 20-year mortality gap,

predominantly as a result of cardiometabolic disease (2).

Delivering lifestyle and life skills interventions, including

dietary education, physical activity and smoking cessa-

tion, to reduce cardiometabolic risk factors is an urgent

priority. Dietary interventions are an important compo-

nent of comprehensive lifestyle and life-skills interven-

tions. Until recently, trials and clinical guidelines for

dietary interventions targeting physical health in SMI

have been scarce. A review of the evidence base is

urgently needed. A literature review was conducted

through PubMed using key terms related to: (i) severe

mental illness; (ii) cardiometabolic health; and (iii) diet

and nutrition. Literature was revised and summarised

to assesses the dietary challenges experienced in SMI

and discusses potential strategies to improve mental

and physical health.

Adverse physical health effects of antipsychotic
medication

One of the key contributors to poor physical health in

people living with SMI is severe weight-gain associated

with antipsychotic medication. This weight gain is most

significant during the first 12 weeks after antipsychotic

medication initiation, progressing to a mean of 12 kg

over the first 2 years, and 19 kg over the first 4 years of

treatment (3). An analysis of 34 head-to-head and pla-

cebo-controlled studies lasting between 3 weeks and

12 months found the weight gain in APM ranged from

3.8 to 16.2 kg for olanzapine, 0.9 to 9.5 kg for clozapine,

1.9 to 7.2 for risperidone, 2.3 to 6.1 kg for quetiapine

and 0 to 4.4 kg and aripiprazole (4). Obese individuals are

more than twice as likely as those with a recommended

body mass index to report missing their medication, (5)

warranting investigation into the potential role of weight

changes and medication adherence.

People receiving antipsychotic therapy frequently com-

plain of insatiable hunger, particularly those on clozapine

and olanzapine (6–9). Combining these factors with alter-

ations in taste and smell, cravings for processed sugary or

high fat foods (10), low levels of motivation/sedation (11),

sedentary behaviour (12) and often restricted budgets (13),

provides a potent mix for poor metabolic health. Addi-

tionally, low mood and depression can also lead to

overeating and comfort eating (14). Furthermore, people

living with SMI may have lower resting energy expendi-

ture than the general population, contributing to rapid

weight gain (15,16). Possible explanations are changes in

body composition (i.e. fat-free mass) and/or direct effects

of medication (15,16).

The reasons for the significant increase in hunger levels

are not yet clear. Dopamine, serotonin, muscarinic and his-

tamine receptors have all been implicated in antipsychotic-

induced increases in hunger, with drugs with high affinity

for 5-HT2C and muscarinic receptors being associated with

the greatest risk of weight gain (17,18). A wide variety of

neuroreceptor and neuroendocrine factors regulate eating

behaviour and appetite in SMI (19). Changes in ghrelin and

leptin hormones have also been reported, particularly in

the early stages of medication use, likely reflecting rapid

increases in fat mass often associated with antipsychotic

initiation (20,21).

Disordered eating behaviours related to mental illness

and psychotropic medication are widely known. Binge

eating, fast-eating syndrome, risk of an eating disorder

and other nonstandard eating habits such as continual

snacking are commonly reported in SMI (22,23). A

cross-sectional comparison of people experiencing bipo-

lar affective disorder with the general population found

that the poorer dietary habits in the former were

related to high levels of binge-eating and emotional eat-

ing (24). Fast-eating syndrome is commonly observed in

people experiencing SMI and, although hunger plays a

role in the rapid consumption of food, a lack of mind-

fulness often means consuming excessive amounts with-

out recognition of satiety cues. Evidence suggests that

mindfulness-based interventions may play a role in

reducing the prevalence of these disordered eating

habits (25). Financial limitations and limited access to

both food and cooking equipment often lead to food

insecurity (26). When combined with a lack of motiva-

tion, as well as potentially limited nutrition and cook-

ing knowledge and skills, people with SMI often have a

limited structure to their eating patterns, frequently

resorting to convenience options without any forward

thinking and planning for meals. Enhancing shopping

and meal planning skills may play a substantive role in

those struggling to structure daily routines. In addition,

including parents/carers in education and goal-setting

exercises, or providing information resources, can assist

in developing a home environment conducive to

healthy lifestyle through meal planning, purchasing of

healthier food options, assisting clients to improve life-

skills and reinforcement of key messages.

546 ª 2017 The British Dietetic Association Ltd.

Nutrition challenges in severe mental illness S. B. Teasdale et al.



Dietitians also need to be mindful that positive symp-

toms of the illness may affect food intake. Delusions (e.g.

believing water has been poisoned) and hallucinations

(e.g. voices saying not to eat certain foods) can signifi-

cantly alter food intake and, when identified, need to be

discussed further with the mental health team to ensure

adequate and appropriate intervention/management

strategies. Substance use is higher in people with mental

illness compared to the general population. This can be

closely associated with food insecurity and can be a sig-

nificant barrier to behaviour change (27). Dietitians need

to consider individual nutrient concerns associated with

substance use (e.g. thiamine with alcohol abuse) (28). For

clients with food insecurity, referral to appropriate ser-

vices may assist in improving access to reduced-cost

nutritious foods, and adequate food storage and cooking

equipment.

Additional diet-related considerations for this popula-

tion include poor oral health, constipation, osteoporosis

and gastro-oesophageal reflux disease (GORD). A number

of factors contribute to a poor oral health, such as dry

mouth (common side effect of APMs), poor oral hygiene,

amotivation, fear of visiting the dentist, dental costs and

limited access to services. A key dietary contributing fac-

tor is an excessive intake of sweet and acidic foods and

drinks, and suboptimal daily oral hygiene practices. The

poor oral health in people experiencing SMI may be an

important, overlooked factor contributing to premature

cardiovascular disease (CVD) (13). Constipation is com-

monly associated with APMs, particularly clozapine (29).

The severe states of constipation may be reflective of

impaired peristaltic movement associated with clozapine.

Nutrition assessment of people receiving clozapine medi-

cation should include a review of bowel habits, as well as

fluid and fibre intakes. More severe and/or persistent

cases of constipation may require liaison with the medical

team. GORD is also highly prevalent in people receiving

APM treatment, particularly clozapine (30). The symptoms

of GORD may be contributed to by the consumption of

large quantities of caffeinated and carbonated drinks, fast

eating and obesity. Other potential mechanisms have been

suggested, including the effect of clozapine on vagal regu-

lation of oesophageal peristaltic movement, possibly

impairing swallowing, similar to the effect on bowel

habits, or the anticholinergic properties of clozapine,

which may decrease peristalsis and gastric emptying (30).

Osteoporosis is more prevalent in SMI than in the general

population. APM-induced hyperprolactinaemia with

gonadal hormone deficiency not only impacts libido and

the menstrual cycle (and thus fertility), but also bone

metabolism, with low bone density being reported (31).

Other lifestyle factors impacting bone health include poor

nutritional status, low vitamin D levels, low physical

activity levels, alcohol intake and smoking.

Metabolic complications

Rapid weight gain contributes to the high rates of over-

weight and obesity in people living with SMI, with one and

a half times the rate of metabolic syndrome, twice the rate

of diabetes and five times the rate of hypercholestero-

laemia, compared to that in the general population (32–35).

In addition, olanzapine and clozapine may directly influ-

ence glucose homeostasis, as well as lipid and triglyceride

levels, independent of other metabolic changes (36). These

cardiometabolic complications are key driving factors in

the increasing mortality gap. The potential for specific

antipsychotic medications to promote weight gain, and

glucose and/or lipid disturbances are described in Table 1.

Given the adverse effects of antipsychotic medications,

frameworks have been developed for routine metabolic

monitoring in people treated with antipsychotic medica-

tions (37–40). Furthermore, positive cardiometabolic algo-

rithms have been developed for both mental health teams

and associated allied health clinicians providing clinical

guidelines on psychotropic and metformin medication pre-

scribing, and also recommended interventions (41,42).

Dietary intake

Numerous cross-sectional studies have assessed the diet-

ary intake of those living with SMI, as reviewed elsewhere
(43). The majority of these studies have focused on life-

style factors that contribute to metabolic abnormalities

and risk of CVD in established illness compared to the

Table 1 Weight gain, and lipid and/or glucose disturbance potential

of antipsychotic medications

Antipsychotic

medication

Weight gain

potential

Risk of lipid and/or

glucose disturbance

Chlorpromazine Substantial High (with limited data)

Clozapine Substantial High

Olanzapine Substantial High

Paliperidone Intermediate Mild

Quetiapine Intermediate Moderate

Risperidone Intermediate Mild

Thioridazine Intermediate High (with limited data)

Amisulpride Low Mild

Aripiprazole Low Low

Fluphenazine Low Low (with limited data)

Haloperidol Low Low

Perphenazine Low Low

Ziprasidone Low Low

Reproduced with permission (80).
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general population. The review concluded that poor diets

are likely contributors to weight gain and metabolic

abnormalities (43). The most common findings were diets

lower in fruit and fibre, and a higher intake of takeaway

food and sweet foods and drinks compared to the general

population (43). Studies that assessed energy intake found

higher intakes in those with SMI (44–46), whereas evidence

is also available demonstrating that the diets of those with

SMI are lower in vegetables, legumes and dairy compared

to the general population (47). It is important to note that

the general population, which forms the comparison

group in many studies, may also fail to meet national

dietary standards, potentially masking the degree of the

adverse dietary patterns in people with SMI (48,49). In

addition, caffeine overconsumption is common, with peo-

ple living with schizophrenia being twice as likely to con-

sume >200 mg day–1 (50,51). Many consumers are likely

using caffeine to combat negative symptoms and the

sedating effects of medication; however, large doses of

caffeine have been linked to worsening anxiety, sleep dis-

turbances and psychomotor agitation (52), which are

issues already commonly experienced by people with

mental illness. There have also been suggestions that psy-

chosis may worsen with excessive caffeine intake (52).

Nutrient-medication interaction

Similar to many medications, there are clinically relevant

interactions between nutrients and APMs. Some of the

key interactions can be outlined. Caffeine has been

found to inhibit clozapine clearance. Caffeine competes

for the same metabolic pathway as clozapine, likely

inhibiting clozapine metabolism through the CYP1A2

enzyme, elevating its serum levels. A study in healthy

volunteers suggested that daily doses of caffeine from

400 to 1000 mg inhibit the metabolism of clozapine to

an extent that may be clinically significant (53). A second

study found similar effects on hospitalised patients

receiving clozapine (54). In addition, regular caffeine con-

sumers who stopped caffeine intake showed a significant

reduction (47%) in serum clozapine levels (55). Clinicians

(doctors and dietitians) should be aware that many

APMs (particularly clozapine) are sedating and that con-

sumers will drink caffeinated drinks as a stimulant to

offset the effects of sedation. Caffeine intake should not

only be documented over time for stability, but also to

detect escalating use and even abuse, with information

being fed back to the prescribing psychiatrist, in case

APM dose adjustment might be necessary.

Lithium is predominantly filtered by the glomerulus in

the kidneys and excreted in the urine. Lithium excretion

is affected by fluid and electrolyte balance and the

glomerular filtration rate: sodium promotes lithium

clearance, whereas a lowering of fluid and sodium levels

causes reabsorption of lithium in the proximal tubule,

with a risk of lithium intoxication (56). Dietitians should

suggest a gradual reduction in sodium, and work in con-

junction with treatment teams to ensure that lithium

levels are monitored. In addition, the risk of clinical

hypothyroidism during lithium treatment should be con-

sidered in countries where iodisation programmes are not

implemented (57). Grapefruit juice increases the bioavail-

ability of benzodiazepines (diazepam, triazolam, midazo-

lam) and antidepressants (carbamazepine, buspirone,

sertraline) and should be avoided by patients receiving

these medications (58). Given the risk for a hypertensive

crisis, clients prescribed a monoamine oxidase inhibitor

need to limit the amount of tyramine in their diet and

have their blood pressure monitored (59). A comprehen-

sive description of psychotropic medication-nutrient

interactions has been published previously (60).

Dietary interventions in severe mental illness

Recent evidence has demonstrated that nutrition interven-

tions, as part of a lifestyle programme, can prevent

weight-gain in early psychosis (61,62) and reduce weight in

established illness (63,64). These findings, in addition to

improvements in additional markers of metabolic health,

have been confirmed through meta-analyses (65–67). A

recent meta-analysis in severe mental illness found that

dietitians were highly effective when providing dietary

interventions in people with severe mental illness (68).

Although future studies need to assess the long-term

impacts on anthropometric, biochemical, nutrition and

physical outcomes, psychiatric symptomatology, and

readmission rates, there is sufficient evidence to support

the use of nutrition interventions in combination with

exercise as core components of mental health services.

Current research is now transitioning to effectiveness

studies for the implementation of such lifestyle pro-

grammes as routine care. Future models of best practice,

for example, may be to embed dietitians and exercise

professionals within mental health teams, to provide

intervention as part of standard care from the commence-

ment of antipsychotic medication. In one cohort, this

method found that increases in weight and waist circum-

ference could be minimised, and diet quality improved,

when people commence antipsychotic medication (61,69).

Individualised nutrition counselling

Individualised intervention could be seen as gold standard

for nutrition intervention in people with SMI, as it is for

the majority of populations. The same elements that are

used to promote positive cardiometabolic health in the
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general population can be used in people with SMI.

However, dietitians need to consider certain characteris-

tics of the illness and medication side effects, which may

present as barriers to effective practice. Kwan et al. (70)

described key practice points for dietitians for providing

individualised counselling in people experiencing SMI. In

particular, dietitians need to consider the impact of low

attendance rates, a reduced ability to process and retain

information as a result of impaired cognition and the

sedating effects of medication, lower motivation levels,

sedentariness, social exclusion and isolation, and financial

restraint. Strategies to combat these barriers are high-

lighted in Table 2.

Dietitians need to utilise appropriate behaviour change

strategies to induce sustainable change in clients with

SMI. The Transtheoretical Behaviour Change Model

(Stages of Change Model), Mindful Eating Awareness and

Motivational Interviewing are common strategies imple-

mented by dietitians and can be useful approaches in

SMI. Cognitive adaptive training (CAT), CBT and DBT

are common psychosocial strategies implemented for

mental health outcomes (71). In addition, CBT and DBT

may be used to modify food intake in eating disorders (72).

To date, the effect of these on eating behaviours in people

with SMI is largely unknown but, given their successful

use in other outcomes in people with SMI, may be

Table 2 Challenges for dietary counselling in people with severe mental illness and practical strategies to address them

Barrier or challenge Strategy

Attendance

• Phone or text message the patient the day before, or the day of, the scheduled appointment

• Offer late morning or afternoon appointments (antipsychotics are major sedatives and

create challenges for early waking)

Impaired ability to process

and retain information

At each appointment provide clear, written advice on:

• dietary recommendations and goals

• physical activity goals (where appropriate)

• next appointment date and time

Reduced motivation levels

• Ensure information and education are provided when the patient is least sedated.

• Reinforce advice at each visit

• Disappointment at not achieving goals can be a major barrier, show motivation and enthusiasm,

and celebrate small achievements

Medication effects on promoting

obesity and diabetes • Collaborate/communicate with prescribing psychiatrist and form a therapeutic alliance

Sedentariness

• Set physical activity/structured exercise goals together with family, carer or case worker

• Provide handouts with written and visual supports

• Consider referral to exercise physiologist

Social exclusion and isolation

• Gain support from mental health case workers, friends, carers and allied health professionals

Financial Restraint

• Consider the consumers living situation?

• Consider when the consumer receives income or support from services, to assist in developing

a food budget where appropriate

• Is there access to appropriate food storage facilities?

• Is there access to adequate cooking equipment?

• Is there access to cheaper healthy foods?

Poor nutritional intake

• Improve food literacy:

o provide clear written educational information

o consider cooking classes

o consider sessions on shopping and budgeting

• Provide simple clear goals for the consumer to work on

• Use visuals for portion control advice

• Consider mindfulness techniques

• Maintain follow-up; learning may need reinforcement

Adapted with permission (81).
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adaptable to focus on eating behaviours. The use of CAT,

CBT and DBT may require additional training with dieti-

tians who have previously reported inadequate training

for these techniques (73).

Recommended dietary patterns

Given the 20-year mortality gap in people with SMI driven

by unacceptably high rates of CVD, traditional dietary pat-

terns with proven benefits on health should be imple-

mented (e.g. the Mediterranean-style diet) by replacing less

healthy eating options with olive oil, vegetables, fruit, fish,

nuts, legumes, wholegrains, and unsweetened dairy and

poultry. Adherence to the Mediterranean diet reduces all-

cause mortality and CVD by 20% in the general population
(74). Furthermore, the PREDIMED study demonstrated

superior results following the Mediterranean diet compared

to a low-fat control diet in the primary prevention of CVD

in high-risk individuals (75). Although perfect adherence to

traditional dietary patterns may not be feasible for all peo-

ple with SMI (just as in the general population), dietitians

can individualise interventions to assist clients to adopt

small, sustainable, positive changes, by reducing or elimi-

nating high energy, non-nutritious foods and beverages

and replacing them with foods from the core food groups.

Small improvements in diet quality can reduce risk of all-

cause mortality (74).

Physical activity

As with the vast majority of people, encouraging individ-

uals to move more and sit less should be a core strategy.

The high levels of sedentary time are well documented in

SMI (76), which has been shown to be an independent

risk factor for cardiometabolic disease(12). In addition,

physical activity can reduce symptoms of both depression

and schizophrenia, and improve quality of life (77). All

clinicians should encourage physical activity; however, it

is important to note that specialist clinicians trained in

exercise prescription, such as physiotherapists and exer-

cise physiologists, are best placed to provide targeted,

individualised interventions for people with SMI (78).

Future areas of interest

Dietary patterns have long been associated with mood

with a trial now describing cause and effect(79); however,

evidence describing the impact of diet on symptoms in

SMI is lacking. A recent focus on mental illness invloves

the association with poorer gut microbiota; however, we

are yet to fully understand this relationship and the

extent to which this may impact mental health. At this

point, the available evidence suggests that a healthful,

balanced diet, with attention to nutrients relating to heart

and brain health, may be beneficial and should remain

the focus of intervention.

Summary

People living with SMI are beset with a range of nutri-

tional challenges that dietitians are well resourced and

trained to assist with. These include best practice weight

management and cardiometabolic intervention strategies.

Consideration of additional barriers and challenges, as

well as special needs associated with both mental illness

and antipsychotic medications, is required. Dietitians

need to work closely with mental health teams to max-

imise intervention effectiveness through additional moti-

vation and reinforcement of messages and goals.
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Abstract

Background: The Nutrition Education for Management of Osteodystrophy

trial showed that stage-based nutrition education by dedicated dietitians

surpasses existing practices in Lebanon with respect to lowering serum

phosphorus among general haemodialysis patients. The present study

explores the effect of nutrition education specifically on hyperphos-

phataemic patients from this trial.

Methods: Hyperphosphataemic haemodialysis patients were allocated to a

dedicated dietitian (DD), a trained hospital dietitian (THD) and existing

practice (EP) protocols. From time-point (t)-0 until t-1 (6 months), the

DD group (n = 47) received 15 min of biweekly nutrition education by

dedicated dietitians trained on renal nutrition; the THD group (n = 89)

received the usual care from trained hospital dietitians; and the EP group

(n = 42) received the usual care from untrained hospital dietitians. Patients

were followed-up from t-1 until t-2 (6 months). Analyses used two-way

repeated measures analysis of variance and Cohen’s effect sizes (d).

Results: At t-1, phosphataemia significantly decreased in all groups

(DD:�0.27 mmol L�1; EP:�0.15 mmol L�1; THD:�0.12 mmol L�1;

P < 0.05); the DD protocol had the greatest effect relative to EP

(d = �0.35) and THD (d = �0.50). Only the DD group showed more

readiness to adhere to a low phosphorus diet at t-1; although, at t-2, this

regressed to baseline levels. The malnutrition inflammation score remained

stable only in the DD group, whereas the EP and THD groups exhibited a

significant increase (DD: 6.74, 6.97 and 7.91; EP: 5.82, 8.69 and 8.13; THD:

5.33, 7.92 and 9.42, at t-0, t-1 and t-2, respectively).

Conclusions: The results of the present study suggest that the DD protocol

decreases serum phosphorus compared to EP and THD, at the same time as

maintaining the nutritional status of hyperphosphataemic haemodialysis

patients. Assessing the cost-effectiveness of the DD protocol is recommended.

Introduction

Hyperphosphataemia is consistently and independently asso-

ciated with increased cardiovascular and all-cause morbidity

and mortality in haemodialysis patients (1–7). To manage this,

patients must adhere to haemodialysis sessions, complex

medication regimens and dietary phosphorus restriction (8,9).

However, adherence to a low phosphorus diet is found to be
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the poorest among all dietary restrictions (10) and almost half

of haemodialysis patients have a serum phosphorus level

higher than the recommended level of 1.78 mmol L�1 (8,11).

Hyperphosphataemia is the most common mineral abnor-

mality among haemodialysis patients in developed and devel-

oping countries. It is even prevalent among patients receiving

optimal medical care (12,13).

Hyperphosphataemia management is a true challenge in

modern nephrology, especially because phosphorus restric-

tion often poses the risk of reducing protein intake, precipi-

tating malnutrition, wasting and poor survival (14).

Consistent expert dietary education and regular follow-up are

needed to help haemodialysis patients sustain a low phospho-

rus intake, and subsequently normal phosphataemia, at the

same time as maintaining a good nutritional status (8,9,15).

Nutrition education, especially when utilising cognitive

or behavioural components, improves phosphorus control

among haemodialysis patients (16–19). Nevertheless, stron-

ger evidence is needed to better identify the optimal fre-

quency and approaches of dietetic education and ensure

long-term dietary phosphorus management without com-

promising the nutritional status of patients (19,20).

The Nutrition Education for Management of Osteodys-

trophy (NEMO) trial (21) assessed the effect of a 2 hours

per month stage-based nutrition education using the

transtheoretical model of behavioural change on serum

phosphorus control in the general haemodialysis popula-

tion. NEMO reported statistically significantly improved

phosphataemia management, increased adherence to (and

knowledge of) a low phosphorus diet, and decreased dete-

rioration in patient quality of life and nutritional status
(22,23). However, the effect of this intervention specifically

on patients with hyperphosphataemia was not explored.

This subpopulation has higher risks of morbidity and

mortality as a result of hyperphosphataemia, among

whom achieving normal phosphataemia is recommended.

In the present study, we aimed to assess, via a prespeci-

fied analysis of the NEMO trial, the effectiveness of inten-

sive stage-based nutrition education provided by

dedicated dietitians on hyperphosphataemia management

among hyperphosphataemic haemodialysis patients and

to compare this with the existing practices in Lebanon.

Materials and methods

We used data from the NEMO trial, a multicentre ran-

domised controlled trial conducted in 12 hospital-based

haemodialysis units in Lebanon (21).

Participants

For the NEMO trial, eligible patients were those treated

in recruited haemodialysis units, comprising Lebanese,

adults (≥18 years), free of cancer, infected with the

human immunodeficiency virus and hepatitis, not having

undergone major surgery in the past 3 months, on

haemodialysis for at least 6 months, able to understand

the procedure of the study, able to communicate verbally

or through writing, and willing to participate in the

study. Informed consent was obtained from all partici-

pants prior to the start of the study.

For the current analysis, patients had to meet the above-

mentioned criteria; moreover, they had to be hyperphos-

phataemic. Hyperphosphataemia was defined as a mean

serum phosphorus for the 6 months prior to the beginning

of the NEMO trial >1.78 mmol L�1 [Kidney Disease Out-

comes Quality Initiative guidelines (8)]. Eligibility criteria

were confirmed through a review of the patient medical

charts.

Design

A detailed description design is provided in Karavetian

et al. (21) In brief, participants were followed for

12 months, and measures were collected at three time-

points (t): t-0 (beginning of month 1: July, 2011), t-1

(end of month 6) and t-2 (end of month 12: June

2012). Twelve hospital-based haemodialysis units were

randomly recruited to the NEMO trial from the offi-

cial list of hospital-based haemodialysis units in Leba-

non. They were simple randomly assigned to cluster A

(six units) and cluster B (six units) using EXCEL

(Microsoft Corp., Redmond, WA, USA). Cluster A

patients were then assigned according to their

haemodialysis shifts into two protocols: Dedicated

Dietitian (DD) and Existing Practice (EP). Cluster B

patients were assigned to the Trained Hospital Dieti-

tian (THD) protocol.

From t-0 until t-1, the three groups received the inter-

ventions oulined below:

� DD group: dietitians in this group received a formal

training on renal dietetics (24) and were dedicated only

to haemodialysis units. They provided the patients with

15-min biweekly individualised educational sessions

(seven sessions per month) considering the patient

stage of behavioural change towards a low phosphorus

diet, using a renal-oriented culturally-validated educa-

tional tool based on the transtheoretical model of beha-

vioural change (21,22). DD also provided the patients

with a 1-monthly reinforcement session, where the

phosphataemia result was discussed and a new target

was set for the coming month using motivational inter-

viewing. The stage-based nutrition education was con-

veyed during the haemodialysis sessions because this

timing is optimal for educating haemodialysis patients
(16). In these units, the existing practice was not
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compromised and hospital dietitians continued provid-

ing their standard care.

� EP group: patients received the usual care from their

hospital dietitians, who did not receive any additional

training on renal dietetics. This group reflected the situa-

tion in Lebanon, where hospital dietitians have limited

knowledge on renal dietetics and where care of

haemodialysis patients constitutes a small proportion of

their hospital responsibilities (25). In this group, dietetic

consults were performed only upon nephrologists’

requests.

� THD group: patients received usual care by their hos-

pital dietitians who were educated on renal dietetics to an

equal extent as the dietitians in the DD group, although

they were not dedicated to haemodialysis patients.

Accordingly, no minimal dietitian–patient time was set

for this group and dietitians were left to continue provid-

ing their usual care.

A follow-up period, with no intervention in all groups,

followed from t-1 until t-2.

Throughout the study, hyperphosphataemic patients in

the three groups underwent the same interventions as

their fellow normo-or hypophosphataemic patients.

The NEMO trial obtained ethical approval from the

institutional review boards of the participating institu-

tions.

Outcome measures and assessment tools

Consistent with the NEMO trial (21), outcome measures

included serum phosphorus (mmol L�1), dietary phosphorus

(mg day�1) and phosphorus-to-protein ratio (mg g�1 day�1)

intake, stage of behavioural change towards a low phospho-

rus diet and the malnutrition inflammation score.

Serum phosphorus (mmol L�1) comprised the primary

outcome. This was retrieved from the medical charts of

patients. The 6-month mean values were calculated at the

three time-points.

Phosphorus (mg day�1) and phosphorus-to-protein

ratio (mg g�1 day�1) intakes were estimated by

3-monthly 24-h recalls, analysed using the USDA data-

base (26). The 6-month mean values were calculated at the

three time-points.

Stage of behavioural change towards a low phosphorus

diet was assessed on a monthly basis via a decisional tree

based on the transtheoretical model of behavioural change
(27), with the components being modified to address phos-

phataemia and a low phosphorus diet. Patients were

assigned to each stage according to their scores (1, Precon-

templation; 2, Contemplation; 3, Preparation; 4, Action; 5,

Maintenance). Higher scores indicated a greater readiness

to adhere to a low phosphorus diet. The 6-month mean

values were calculated at the three time-points.

The nutritional and inflammatory status was assessed

via the malnutrition inflammation score. This is a renal-

tailored tool, associated with measures of nutrition,

atherosclerosis, inflammation, anaemia, quality of life,

hospitalisation and mortality among haemodialysis

patients. It is the gold standard for examining other scor-

ing systems for the malnutrition–inflammation complex

syndrome (28–31). The malnutrition inflammation score

has 10 components, with four levels of severity ranging

from 0 (normal) to 3 (severely abnormal). The total score

ranges from 0 to 30, with a higher score reflecting more

severe degrees of malnutrition and inflammation. The

biochemical components of the score were collected from

the medical charts of patients. The malnutrition inflam-

mation score was calculated at the three time-points.

Outcomes were collected by trained research dietitians

using prepiloted standardised forms.

Statistical analysis

Data from participants who failed to complete the study

because they were transferred, received a transplant, died or

withdrew were not included in the analysis. Analyses were

conducted using the SPSS, version 21 (IBM Corp., Armonk,

NY, USA). Descriptive statistics were used for sample char-

acteristics. Chi-squared and Fisher’s exact tests were used to

assess between-group baseline differences of categorical vari-

ables. One-way analysis of variance (ANOVA) and the

Kruskal–Wallis test followed by a Mann–Whitney test and

Bonferroni correction were used to assess between-group

baseline differences of continuous variables. The effects of

the three protocols (DD versus EP versus THD) on study

outcomes and their interactions over time (t-0 versus t-1

versus t-2) were analysed using two-way repeated measures

ANOVA, with protocol and time being the between- and

within-group factors, respectively. Accordingly, the effect of

the intervention was assessed within each group at the three

time-points, as well as between the three groups at each

time-point. Where a statistically significant effect was found,

post-hoc Bonferroni comparisons were undertaken. Cohen’s

d effect size measures were calculated for serum phosphorus

to examine the magnitude of the effect of each protocol at

t-1 (32). d < |0.2| reflected no effect, |0.2| was considered low,

|0.5| as medium and |0.8| as large (33). A negative d repre-

sented improvement because phosphataemia is a negative-

oriented outcome (higher values indicate deterioration) (34).

P < 0.05 was considered statistically significant.

Results

Twelve hospital-based haemodialysis units were included

in the present study. Of the 570 patients who met the

inclusion criteria of the NEMO trial, 235 patients were
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also hyperphosphataemic (DD: 65; EP: 57; THD: 113). Of

these, 178 completed the study (DD: 47; EP: 42; THD:

89) and were included in the analysis. Attrition was

almost similar in the three groups (DD: 27.7%, EP:

26.3%; THD: 21.2%) (Fig. 1).

Participant characteristics

At baseline, DD, EP and THD patients were generally

similar in terms of sociodemographic and clinical charac-

teristics (Table 1). Participants were relatively young

(mean age: 56.5 years), more than half were males

(58.4%), and one-third reached high school (21.9%) and

university (11.2%) education. Approximately one-third

(35.4%) were employed and the majority (77.5%) were

married. One-third (30.3%) had diabetes, two-thirds

(64.0%) were hypertensive and 14.6% had concomitant

cardiovascular diseases. The patients were on haemodialy-

sis for 51.3 months, on average, with a mean of 10.4 h of

treatment per week. Patients in the EP group spent less

time on treatment than those in the DD and THD groups

(9.1 h versus 10.7 and 10.8 h, respectively). Mean

parathormone levels were normal (447.0 ng L�1). On

average, calcium-phosphorus byproduct was higher than

the recommended level (4.76 mmol2 L�2) (8). Mean body

mass index was 25.3 kg m�2; patients in the DD group

had a greater body mass index than those of the THD

group (26.8 versus 24.2 kg m�2).

Included in the trial (n = 570)

Excluded (n = 335)

♦ Not hyperphosphataemic (n = 335)

Analysed (n = 46)

♦Lost to follow-up (n = 3): death (n = 3)
♦Discontinued intervention (n = 0)

Allocated to Dedicated Dietitian (n = 65)

♦ Received allocated intervention (n = 55)

♦ Did not receive allocated intervention 
(n = 10): death (n = 4), transfer (n = 2), renal 

transplant (3), withdrawal (n = 1)

♦Lost to follow-up (n = 5): death (n = 5)
♦Discontinued intervention (n = 1): 
withdrawal (n = 1)

Allocated to Existing Practice (n = 57)

♦ Received allocated intervention (n = 54)

♦ Did not receive allocated intervention 
(n = 3): death (n = 2), renal transplant 
(n = 1)

Analysed (n = 42)

Allocation

Time-point 0

Randomised (n = 235)

Enrollment

♦Lost to follow-up (n = 11): death (n = 5), 
transplant (n = 4), extended hospitalisation 
(n = 1), unknown (n = 1)
♦Discontinued intervention (n = 2): 
withdrawal (n = 2)

Allocated to T rained Hospital Dietitian
(n = 113)

♦ Received allocated intervention (n = 113)

Analysed (n = 89)

♦Lost to follow-up (n = 6): death (n = 4), 
transfer (n = 1), extended hospitalisation (n = 1)
♦Discontinued intervention (n = 0)

♦Lost to follow-up (n = 6): death (n = 4), 
transplant (n = 1), unknown (n = 1)
♦Discontinued intervention (n = 0)

Time-point 1

♦Lost to follow-up (n = 8): death (n = 2), 
transfer (n = 2), transplant (n = 1), extended 
hospitalisation (n = 3),
♦Discontinued intervention (n = 3): 
withdrawal (n = 3)

Time-point 2

Figure 1 Flow diagram of the trial.
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Table 1 Participants’ characteristics [% or mean (SD)] (n = 178)

Dedicated dietitian

(n = 47)

Existing practice

(n = 42)

Trained hospital dietitian

(n = 89)

Male (%) 44.7 61.9 64.0

Social status (%)

Single 23.4 9.5 18.0

Married 68.1 85.7 78.7

Other 8.5 4.8 3.4

Employed (%) 34.0 26.2 40.4

Educational level (%)

Illiterate 19.1 14.3 18.0

Read and write 17.0 14.3 14.6

Elementary 36.2 23.8 38.2

High school 21.3 31.0 18.0

University 6.4 16.7 11.2

Co-morbidities (%)

Diabetes 43.2 26.2 27.0

Hypertension 73.3 61.9 61.8

Cardiovascular diseases* 27.3 9.5 11.2

Other† 39.3 22.7 9.8

Age (years), mean (SD) 54.36 (16.54) 57.71 (13.86) 57.03 (15.91)

Vintage (months), mean (SD) 50.78 (46.92) 48.08 (46.50) 53.12 (53.27)

Haemodialysis time (h week�1), mean (SD) 10.77 (2.71)‡ 9.10 (2.98)‡§ 10.89 (1.84)§

Parathormone (ng L�1), mean (SD) 417.95 (445.18) 412.73 (348.21) 474.07 (399.75)

Calcium-phosphorus byproduct (mmol2 L�2), mean

(SD)

4.75 (0.93) 4.68 (0.70) 4.80 (0.83)

Body mass index (kg m�1), mean (SD) 26.86 (5.53)‡ 26.16 (4.98) 24.24 (3.84)‡

*P < 0.05 indicates a difference between-groups based on a chi-squared test.
†

P < 0.05 indicates a difference between-groups based on Fisher’s exact test.
‡§

P < 0.05 indicates a difference between-groups based on a Kruskal–Wallis test followed by a Mann–Whitney test and Bonferroni correction.

Table 2 Study outcomes per protocol at the three time-points [mean (SD)] (n = 178)

Dedicated dietitian

(n = 47)

Existing practice

(n = 42)

Trained hospital

dietitian (n = 89)

Serum phosphorus (mmol L�1) t-0 2.20 (0.35)ab 2.18 (0.33)a 2.15 (0.30)a

t-1 1.92 (0.41)a 2.02 (0.47)ab 2.03 (0.39)a

t-2 1.96 (0.52)*,b 2.22 (0.58)*,b 2.03 (0.42)

Malnutrition-inflammation score t-0 6.74 (3.22) 5.82 (2.88)ab 5.33 (3.72)ab

t-1 6.97 (3.59) 8.69 (3.85)a 7.92 (3.33)ac

t-2 7.91 (3.86) 8.13 (3.41)b 9.42 (4.03)bc

Stage of behavioural change t-0 2.72 (1.35)a 2.64 (1.17) 2.92 (1.25)a

t-1 4.11 (0.53)*,**,a 2.67 (1.09)* 2.71 (1.12)**,b

t-2 2.56 (1.04) 2.73 (0.93) 2.33 (1.19)ab

Phosphorus intake (mg day�1) t-0 814.98 (396.60)ab 985.80 (359.81)*,ab 762.04 (382.49)*

t-1 667.70 (233.64)a 812.18 (310.76)ac 783.26 (276.78)a

t-2 591.62 (254.74)b 548.29 (225.44)*,bc 701.16 (310.10)*,a

Phosphorus-to-protein ratio (mg g�1 day�1) t-0 15.60 (4.61) 16.73 (3.98) 14.81 (4.32)a

t-1 15.78 (4.59) 15.18 (4.08) 15.46 (3.93)

t-2 16.33 (2.58) 15.84 (1.51) 16.05 (2.15)a

t, time-point.
abc Differences across columns indicate significant differences (P < 0.05) within each group at t-0 versus t-1 versus t-2; *,** differences across in

rows indicate significant differences (P < 0.05) between the groups (dedicated dietitian versus existing practice versus trained hospital dietitian) at

each of the three time-points, based on two-way repeated measures analysis of variance with post-hoc comparisons using Bonferroni correction.
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Table 2 summarises changes in study outcomes of

patients who finished the 12-month trial.

Serum phosphorus (mmol L�1)

At baseline (t-0), serum phosphorus was similar between

the three groups. Following the intervention (t-1), phos-

phataemia significantly dropped in all groups, with no dif-

ferences between them. The greatest decrease was noted

among DD patients (0.27 mmol L�1 versus 0.15 and

0.12 mmol L�1 in the EP and THD groups, respectively).

DD protocol had a medium greater effect than THD proto-

col (d = �0.50) and low greater effect relative to EP proto-

col (d = �0.35). THD and EP protocols had no superiority

over each other (d = �0.12). At 6-month post-intervention

(t-2), serum phosphorus remained significantly lower than

baseline levels only in the DD group, whereas it increased

to baseline levels in the EP and THD groups. At t-2,

patients in the DD group had a significantly lower phos-

phataemia than those in the EP group.

Malnutrition inflammation score

At baseline, the malnutrition inflammation score was sim-

ilar between the three groups. It remained stable only in

the DD group throughout the study. By contrast, the

other groups exhibited a significant increase in their

mean score (EP: 5.82, 8.69 and 8.13; THD: 5.33, 7.92 and

9.42 at t-0, t-1 and t-2, respectively), indicating a wors-

ened nutritional status over time.

Stage of behavioural change

At t-0, patients were, on average, in the pre-action stage

of behavioural change towards low phosphorus diet,

without significant differences between the three groups.

At t-1, only patients in the DD group progressed to the

action stage and were significantly more ready to adhere

to a low phosphorus diet than patients in the EP and

THD groups who stagnated in the pre-action stage. At

t-2, DD patients regressed to baseline levels. Patients

in the THD group exhibited a continuous signifi-

cant regression in their readiness to adhere to a low

phosphorus diet throughout study period. At the end of

the intervention, all groups returned to the pre-action

stage.

Phosphorus intake (mg day�1)

From t-0 until t-1, reported phosphorus intake signifi-

cantly dropped in the DD and EP groups. Reported phos-

phorus intake further decreased in all groups at t-2.

Phosphorus-to-protein ratio (mg g�1 day�1)

No changes between- or within-group were noted through-

out the study, except in the THD group who showed a sig-

nificant increase in dietary phosphorus-to-protein ratio

between t-0 and t-1.

Discussion

The present study explored the effect of nutrition educa-

tion based on the transtheoretical model of behavioural

change and provided by DD on the outcomes of hyper-

phosphataemic haemodialysis patients, who, as a result of

hyperphosphataemia, are at increased risks of morbidity

and mortality, and for whom the intervention aiming to

decrease serum phosphorus is appropriately targeted. The

participants shared characteristics common to hyperphos-

phataemic haemodialysis patients (35–41); they were rela-

tively young, predominantly males and literate.

Educating hyperphosphataemic haemodialysis patients

based on the transtheoretical model of behavioural change

by a dedicated competent dietitian for 30 min per week,

during 6 months, significantly improved their readiness

to adhere to a low phosphorus diet and decreased their

phosphataemia without compromising their nutritional

status. This was conducted without the need for addi-

tional resources, except ensuring adequate dietitian educa-

tion and dietitian–patient time. The DD protocol was

superior to the other protocols: EP representing the exist-

ing practice in Lebanon (i.e. no specialisation for dieti-

tians in renal dietetics and no imposed dietitian-patient

time) and THD representing a viable alternative, which is

ensuring dietitian education without imposing a mini-

mum dietitian–patient time.

The results of this analysis are in line with the findings

of the NEMO trial (22,23). Following the intervention, a

significant drop in phosphataemia was noted among

patients in the three groups. The greatest effect was noted

in the DD group. The finding of this group might be

explained by the effect of intensive dietitian-led educa-

tion, resulting in the enhanced adherence of patients to a

low phosphorus diet, as exhibited by their improved stage

of behavioural change. Strong evidence supports the ben-

eficial effect of dietitian involvement in haemodialysis

care, especially in phosphorus management (19). In the

DD group, the dietitians monitored the progress of each

patient and had adequate time to provide individualised

evidence-based education. Implementing practice guideli-

nes not only relies on their scientific validity, but also on

their usability by clinicians (42), where insufficient time is

a crucial barrier (43). Even the most qualified and organ-

ised dietitian is unable to provide quality care when time

allocation with patients is inadequate (44). Insufficient
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time to provide care for haemodialysis patients was com-

monly noted among Lebanese hospital dietitians (25).

Besides time factor, DD intervention comprised aspects

not widespread among Lebanese hospital dietitians (25):

the educational material was culturally-specific and the

dietitians were extensively trained on renal dietetics.

Possible factors might explain the significant drop in

phosphataemia post-intervention in the other groups. As

reported in Karavetian et al. (22), the mild improvement in

the THD group might be attributed to the fact that dieti-

tians in this group upgraded their educational methods

and increased the frequency of consultations after receiving

the training. However, the intensity of the education

remained suboptimal, resulting in a lower improvement in

phosphataemia. This explanation is supported by our data

(M. Karavetian) showing that dietitians in the THD group

visited the patients at best once monthly. This was

expected considering the schedule overload of these dieti-

tians (25). As for the EP group, contamination of informa-

tion through patients and nurses took place (22). Patients

in this group were subject to passive education because

educational posters and material were hung on the dialysis

units’ walls during the intervention period and DD

patients who changed their dialysis shifts might have

shared the new knowledge with their peers who were in

the EP group. Moreover, nurses transferred the educational

material from the DD to the EP group.

The decrease in serum phosphorus should not be

regarded as sole outcome of this intervention and should

be interpreted in the light of other findings, notably the

nutritional status. Although all patients had a higher mal-

nutrition inflammation score at the end of the study (de-

noting a worsened nutritional status), this increase was

significant only in the EP and THD groups and not in the

DD group. This reinforces that only intensive, timely and

individualised education by competent dietitians resulted

in careful and effective care (decreased phosphataemia,

without compromising the nutritional status of patients)
(8,9,15). This is a key finding for clinical practice and policy

makers because worsened nutritional status of haemodialy-

sis patients is associated with increased morbidity and mor-

tality and higher healthcare costs (14,45).

The intensive stage-based nutrition education created a

momentum for improving patient adherence to a low

phosphorus diet, through enhancing their self-manage-

ment skills and collaborating involvement in their disease

management. Nevertheless, this progress was lost when

the intervention resolved. Relapse and regression are nat-

ural steps within the behavioural change cycle (46). Evi-

dence suggests that the effect of an intervention (if not

provided continuously) might fade over time (22,47). This

might translate into an increase in phosphataemia over

the long term and relapse towards baseline values.

Discussing the results of dietary phosphorus and phos-

phorus-to-protein ratio is challenging. The 24-h recall is

often biased in haemodialysis patients because it relies on

the ability of patients to remember and accurately report

consumed foods. The 24-h recall often underestimates

actual intake, even when conducted by a trained inter-

viewer, and can generate great variability in the mean

daily nutrient intake (48). A lack of data pertaining to

potential confounders is another limitation for the pre-

sent study: hospitals did not routinely provide informa-

tion on dialysis adequacy (Kt v�1, urea reduction ratio)

and medication prescription (vitamin D, phosphate bin-

ders). However, random allocation of groups would most

likely result in a similar distribution of hospitals based on

the quality of medical care. The positive results noted in

the DD group might not only be a result of adherence to

a low phosphorus diet, but also greater adherence to

phosphate binders because some of the educational ses-

sions emphasised their importance. The design of the

present study did not allow this issue to be assessed

because the prescription of phosphate binders within

Lebanese haemodialysis units is within the sole authority

of nephrologists. This issue remains to be explored in

future studies. The final major limitation to the present

study is the contamination of information between the

DD and EP groups, and the potential underestimation of

the true effectiveness of the DD protocol. Opting for this

design was informed by a study by Griva et al. (49) among

haemodialysis patients, who argued that allocation of par-

ticipants based on their shift would limit cross-contami-

nation of information between groups. However, we

encountered an opposite effect in our trial. This learning

experience should inform the design of future studies

among haemodialysis patients by alerting researchers to

the idea that the prevention of contamination through

allocation of participants based on their dialysis shift is

not always possible, and resorting to running the trial in

different units might be a more suitable alternative in this

patient-population. Stage-based nutrition education pro-

vided by trained dietitians on the basis of 30 min per

week is an effective approach for improving the adher-

ence of hyperphosphataemic haemodialysis patients to a

low phosphorus diet and decreasing their serum phos-

phorus without compromising their nutritional status.

This protocol is superior to the existing practice (EP) in

Lebanon and to the other possible alternative (THD).

The assessment of the cost-effectiveness of the DD proto-

col for reimbursement reasons is recommended as a next

step, and its implementation in Lebanese haemodialysis

units should be advocated, if it is shown to be cost-effec-

tive. This assessment is needed to better inform the inte-

gration of this model in routine practice, especially in the

light of the high cost and the nonconclusive evidence
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behind the cost-effectiveness of other phosphorus-lower-

ing interventions in this population (i.e. noncalcium-

based phosphate binders) (50).
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Abstract

Background: Active patient involvement in nutrition care may improve

dietary intakes in hospital. Our team is developing an innovative pro-

gramme allowing patients to self-assess and self-monitor their nutrition at

the bedside. The present study aimed to assess usability and patient percep-

tions of an electronic foodservice system (EFS) for participating in nutrition

care.

Methods: This qualitative study was conducted in an Australian tertiary

hospital. Participants were sampled purposively and included patients who

were able to provide informed consent and communicate in English. Patient

interviews were conducted at the bedside and consisted of: (i) usability test-

ing of the EFS using ‘Think Aloud’ technique and (ii) questioning using a

semi-structured interview guide to understand perceptions of the EFS. Inter-

view data were analysed using inductive content analysis.

Results: Thirty-two patients were interviewed. Their perceptions of using

the EFS to participate in nutrition care were expressed in five categories: (i)

Familiarity with technology can affect confidence and ability but is not

essential to use EFS; (ii) User interface design significantly impacts EFS

usability; (iii) Identifying benefits to technology increases its acceptance; (iv)

Technology enables participation, which occurs to varying extents; and (v)

Degree of participation depends on perceived importance of nutrition.

Conclusions: Patients found the EFS acceptable and acknowledged benefits

to its use. Several factors appeared to influence usability, acceptability and

willingness to engage with the system, such as user interface design and per-

ceived ease of use, benefits and importance. The present study provides

important insights into designing technology-based interventions for engag-

ing inpatients in their nutrition care.

Introduction

Nutrition is vital for optimal health and recovery during

hospitalisation. However, many patients do not consume

sufficient nutrition to meet their needs during this

time (1–3). Prolonged inadequate dietary intake results in

malnutrition, which is a long-standing clinical issue and

the focus of much research over the past few decades (4–6).

Despite this, malnutrition remains a prevalent problem in

hospitals, affecting up to 50% of patients and contributing

to significant burden to individuals and organisations (7–9).

A potential solution to malnutrition is more active patient

involvement. Insufficient dietary intake is the main modifi-

able cause of malnutrition, and studies have shown that,

when patients participate in their nutrition care, their

intakes are improved and they meet a higher proportion of
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their nutritional needs (10,11). These studies engaged

patients through self-monitoring of food intakes using

paper food charts and participation in guided nutritional

goal setting, and showed promising results (10,11).

New developments in technology create opportunities

for hospitalised patients to participate in their nutrition

care in different ways, at their own pace, at the bedside, as

well as with added benefits of streamlining processes for

staff and saving on paper materials. The use of technology

in dietary assessment, monitoring and interventions is

emerging in a number of settings and populations (12,13).

Our team is developing an intervention using such tech-

nology to engage hospitalised patients in their nutrition

care through an electronic foodservice system (EFS),

accessed through their Personal Entertainment System

screen at the bedside. When fully developed, this software

will allow for patients to complete their own malnutrition

risk screening, record and monitor their dietary intakes, as

well as track their nutrition goals and history. The soft-

ware has great potential to benefit patients and staff alike

if patients are able and willing to use it to participate in

their care.

Although previous research has indicated that patients

are willing to participate in their nutrition care and this

results in improved dietary intakes (10,11), no studies have

yet investigated the use of technology to involve patients

in nutrition care in hospital. Usability is an important

predictor of patient satisfaction, acceptance and use of

technology and so it is a vital consideration in designing

technology-based interventions (14,15). Usability is defined

as ‘the extent to which a product can be used by specified

users to achieve specified goals with effectiveness, effi-

ciency and satisfaction in a specified context of use’ (16).

Hospitalised patients are a unique population with vary-

ing levels of physical and cognitive abilities, and many

factors are likely to impact on their participation. The

dynamic hospital environment adds to this complexity.

Hence, it is necessary to consider usability in terms of the

user–task–system–environment interaction (17) and to

assess the usability of a task (function) within a system

(software), with users (patients), in the intended environ-

ment (hospital), with the aim of understanding how

patients perceive and respond to using technology to par-

ticipate in their care in hospital. Further, two main

aspects of usability are how information is presented to

users (presentation design) and how users interact with

the system (interaction design) (18). Both of these aspects

need to be assessed with end-users to inform the better

development and design of usable software.

The present study aimed to assess (i) usability and (ii)

perceptions of patients on using an EFS for participating in

their nutrition care in hospital. Usability was considered in

terms of both presentation design and interaction design;

and was assessed in a user–task–system–environment inter-

action. The methods used in the present study can be

adapted by others in developing and testing technology-

based interventions for engaging patients in their care.

Materials and methods

Study overview

This qualitative study is part of a larger programme of

research designed to develop and evaluate the feasibility

of an intervention using technology, namely, an EFS, to

engage patients in their nutrition care. The study involved

usability testing (i.e. user-based evaluation) (19) of com-

ponents of the EFS with patients and exploring their per-

ceptions of using it to participate in their care. The study

received ethical approval from the participating health

service (reference number HREC/16/QGC/118).

Study setting

The present study was conducted on five medical and

surgical wards (medical vascular, oncology, orthopaedic,

renal or respiratory) at a tertiary metropolitan teaching

hospital in Australia. The hospital currently uses an EFS

(Delegate Software Australia Pty Ltd, Box Hill North,

VIC, Australia) for patient meal ordering, which is

accessed through patients’ Personal Entertainment System

screens at the bedside.

Participants and recruitment

Participants included patients on study wards meeting the

eligibility criteria: (i) able to provide informed consent (i.e.

aged ≥ 18 years of age and cognitively intact); (ii) able to

communicate in English (verbally and in writing); and (iii)

no history of an eating disorder. Purposive sampling was

used to ensure a broad range of patients was represented to

maximise transferability. This type of sampling is used in

qualitative research to allow for an in-depth exploration of

phenomena (20). For example, a mix of male and female,

older and younger, medical and surgical patients, with and

without experience with technology, were included in the

present study. Each patient was provided with a participant

information sheet outlining the study and informed con-

sent was gained from those willing to participate. There

was no predetermined sample size; interviews continued

until data saturation was reached (i.e. redundancy of infor-

mation and no new themes emerged) (21).

Data collection

All interview data were collected by a trained interviewer

with a background in dietetics. The approximate flow of
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the interview is shown in Fig. 1. Interviews consisted of

two main components: (i) EFS usability testing using

the ‘Think Aloud’ technique (22) including concurrent

and retrospective probing and (ii) questioning using a

semi-structured interview guide (Table 1). Patients were

asked about three different aspects of using the EFS to

participate: (i) meal ordering; (ii) self-completion of the

Malnutrition Screening Tool (MST); and (iii) intake

tracking.

Meal ordering and intake tracking tasks were per-

formed through the EFS, accessed with patients’ Personal

Entertainment System screen at the bedside. Meal order-

ing was an established function of the system, already

being used throughout the hospital. A basic version of

the intake tracking function had been designed and

enabled on patients’ screens for the purpose of this

usability study. The MST task was completed on an iPad,

using a ‘mock-up’ page developed by our team and

accessed via the web, containing all the functionality

required for patients to complete the MST. Usability of

the electronic MST was tested on an iPad because this

function was not able to be integrated into the existing

EFS in an adequate timeframe. The EFS accessed through

patients’ Personal Entertainment System screen and the

iPad required the same performance from users (i.e.

screen tap).

The Think Aloud technique (22) involved asking partici-

pants to speak aloud what they were thinking when per-

forming a task on the EFS; namely, the MST and intake

tracking tasks. Patients were given training on how to

perform Think Aloud during the consent process and

reminded of this prior to performing the MST and intake

tracking. They were asked to continually speak aloud the

thoughts in their head when they completed each task.

Concurrent probing was used to facilitate participants to

Think Aloud by asking direct questions throughout the

task (such as ‘What are you thinking now?), particularly

if the patient fell quiet for a period of time. Immediate

retrospective probing was used to clarify Think Aloud

data by asking questions about what the patient had said

during the task. The Think Aloud technique enables

researchers to capture what is in participants’ short-term

memory, which is often lost if questions are asked after

completion of a task (22), which is a technique that is

used frequently in usability testing of health information

technologies (23). In the present study, it was used to

understand patients’ thought processes and any perceived

difficulties with using the EFS. Patients were asked

Consent process
Introduction and overview of study

Brief instructions on how to participate

Familiarisation using meal orderinga,b

Familiarisation with EFS using meal ordering function
Semi-structured interview questions around electronic meal ordering

Nutrition risk screening
Instruction on how to perform ‘Think Aloud’ technique
Patient ‘Thinks Aloud’ whilst completing MST on iPad
Immediate retrospective probing on ‘Think Aloud’ data

Semi-structured interview questions around self-completed electronic MST

Nutrition intake trackingb

Brief explanation of intake trackingc

Patient ‘Thinks Aloud’ whilst completing intake tracking on PES
Immediate retrospective probing on ‘Think Aloud’ data

Semi-structured interview questions around self-completed electronic intake tracking

Using technology to participate in nutrition care
Semi-structured interview questions around using technology to participate in nutrition care 

in hospital

Figure 1 Interview flow. aPrior to interviews, meal ordering was the only aspect of the electronic foodservice system (EFS) that patients had

access to because this was the standard practice for ordering meals. However, it was not guaranteed that all patients had used the EFS yet

during their admission, and so all patients in the study were familiarised with it through the meal ordering function. Think Aloud was not

conducted on this existing aspect of the EFS because it was not a new function being tested for usability. bCompleted via EFS, on a Personal

Entertainment System (PES) screen at the bedside cPatients were given simple instructions on how to navigate to the intake tracking page from

the PES home screen, and/or how to complete the task. MST, Malnutrition Screening Tool.
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questions during Think Aloud retrospective probing and

semi-structured questions on both presentation design

and interaction design for each aspect of the EFS.

A semi-structured interview guide was used to ask

patients about their perceptions of the different aspects of

the EFS and about using these to participate (Table 1).

As shown in Fig. 1, questions were asked about each

aspect of the EFS (meal ordering, MST, intake tracking)

after viewing and using that function.

Data were collected at the patient’s bedside, at a time

of convenience to the patient and their nurse. In all,

interviews lasted 20–40 min and were audio recorded

using a handheld digital recording device and later

transcribed verbatim.

Data analysis

Data were analysed using inductive content analysis
(24,25). The lead author (SR) read and reread transcripts

for immersion in the data, highlighting key quotes and

then developed codes based on verbatim statements of

participants. These codes were grouped according to simi-

larity into subcategories then broader categories, based on

common threads throughout codes and subcategories.

Trustworthiness of data was enhanced through frequent

discussions among the research team to ensure codes,

subcategories and categories adequately described and

encompassed the data (i.e. credibility).

Results

A total of 32 patients participated in interviews; half were

female. The mean (SD) age of all participants was 54.4

(16.6) years and ranged from 22–80 years. They were

from oncology (n = 9, 28%), renal (n = 7, 22%), ortho-

paedic (n = 6, 19%), respiratory (n = 5, 16%) or medical

vascular (n = 5, 16%) wards.

Participants expressed their perceptions of using tech-

nology to participate in nutrition care- related activities,

including malnutrition risk screening, meal ordering and

intake tracking. Interestingly, the majority of patients

found it easy to use the EFS when participating in these

activities. Several factors appeared to influence patients’

acceptability and perceived usability of this technology.

Their responses formed five categories, described in detail

below. The categories and their subcategories are shown

in Table 2.

Familiarity with technology can affect confidence and

ability but is not essential to use the electronic

foodservice system

Patients described how being a computer user, having

used the EFS before, or having received training, helped

them to be comfortable and confident in using the EFS

to order meals or enter their dietary intakes. However,

none of these were prerequisites to being able to use the

EFS because several patients indicated they still found it

easy to use despite having no prior experience. Some

patients indicated their ability and confidence in using

the EFS improved with continual use during their

admission:

‘It’s easy . . . because I’ve used it over and over

again’ (P6, age 80 years)

Indeed, a few patients who had not yet used the EFS

for meal ordering initially expressed doubt about using it

but changed their mind during the interview once they

saw the software. Most patients said they did not receive

Table 1 Example semi-structured interview questions

Topic Example questions

Meal ordering • Do you find this task easy or difficult?

Why/why not?

• Do you prefer this, or paper menus?

Why?

• What do you like the most/least

about this method of ordering meals?

Nutrition risk screening • Did you find this task easy or diffi

cult? Why?

• If you were asked to complete your

MST on the PES if you were admitted

to hospital again, would you do it?

Why/why not?

Intake tracking • What do you think about using this

software for entering your nutrition

information, as you did just now?

Was it easy or difficult?

• How useful do you think it would be

to you, your family, or your health

care team?

• How confident would you feel in

entering your food intake by yourself,

after a training session similar to the

one at the start of this interview?

Using technology to

participate in nutrition

care

Once fully developed, this software will

allow patients to see their nutritional goals

(requirements) set by the dietitian, and

when they enter their food intakes, they

will be able to see how much of their goals

they have met each day, and at each meal.

• Do you think this would be useful for

you?

• Would you be interested in seeing

your nutritional goals and intake?

• Do you think you have the ability to

contribute to your nutrition while you

are in hospital? Why/why not?

Example prompts include: Can you tell me a bit more about this?

What do you mean by [. . .]? How/why?. MST, Malnutrition Screening

Tool; PES, Personal Entertainment System.
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any training on how to use the EFS from staff during and

this affected their confidence to different extents. Patients

described varying levels of training or support they would

need to be able to use the EFS; some said none at all,

whereas others wanted a brief tutorial or training on

admission.

‘I’m not any good with a computer because I

haven’t even got one, but if I can navigate my way

through that then anyone can’ (P18, age 66 years)

‘You’d have to show people probably first up. You

know, older people like me. And once they get the

idea of it, well’ (P2, age 74 years)

Underestimating others’ abilities was a common thread

in responses. Patients often expressed that, although they

found the EFS easy to use, they considered that other

patients, especially older patients who may not be familiar

with technology, might find it difficult. Only three

patients stated that they found the EFS difficult; they

were aged 59 years (n = 1) and 69 years (n = 2). Mean-

while, there were 11 patients aged in their 60s and 70s,

and one patient aged 80 years, who said they found the

system easy to use.

‘I think it’s hard for old people to use. I know I’m

old, but I’m used to computers and iPads’ (P10, age

79 years)

User interface design significantly impacts the usability

of the electronic foodservice system

Usability and acceptance of the EFS appeared to be influ-

enced by what was provided (i.e. content and functionali-

ties), and how these were provided (i.e. interface/display)

by the system. In particular, patients spoke about how

the wording of headings and content, the ‘look’ or display

of a page, the instructions provided, and navigating

through the system could make it easy or difficult to use

the technology. This appeared to affect their attitudes

towards the EFS and whether they would use it again.

Wording of headings such as ‘Nutrition Survey’ (for

MST task) or ‘Intake Tracking’ could be a source of con-

fusion if patients did not know what these terms meant,

and some patients considered the tasks would not be rele-

vant to them. MST content was generally well under-

stood; however, the wording of items on the intake

tracking page confused most people. The user interface

and display of each page, in terms of layout and design,

greatly impacted how easy or difficult patients perceived

tasks to be. Patients found the EFS and effective because

they considered it to be clear and easy to see and read,

and liked the colours and large buttons and text. Intake

tracking was perceived to be much more difficult not as a

result of the task itself, but because of the user interface.

For example, patients described how the small icons and

dark colours made them difficult to read and press and

also that the boxes were supposed to be selected accord-

ing to intake was not clear.

‘It wasn’t difficult, it was just frustrating . . . It’s the

way it’s set out . . . It seemed to confuse me having

all those little boxes in one lot’ (P11, age 63 years)

‘That was a little confusing . . . I didn’t understand

that the fractions were how much I’d consumed’

(P4, age 49 years)

Patients also explained how navigation and instruc-

tions, particularly in the intake tracking task, significantly

impacted usability. Although some patients had no trou-

ble navigating through each page with minimal instruc-

tion, others found this difficult. Many patients voiced

confusion, uncertainty or frustration upon getting to the

intake tracking page because they did not know what they

were supposed to do, and wanted clear instructions on

Table 2 Categories and subcategories

Category Subcategory

(1) Familiarity with technology

can affect confidence and

ability but is not essential

to use EFS

• Being a computer user helps

in using other technologies

• Continued use of EFS

increases ability and

confidence

• Training and support needed

for using EFS varies between

patients

(2) User interface design

significantly impacts EFS

usability

• Wording of headings and

content

• Display of the user interface

• Navigating the system

• Instructions provided by EFS

(3) Identifying benefits to

technology increases its

acceptance

• Electronic meal ordering is

efficient and reliable

• The EFS provides flexibility and

convenience

• The EFS allows for

individualised nutrition care

(4) Technology enables

participation, which occurs

to varying extents

• The EFS improves access to

information

• Communicating and

interacting with staff is

important

• Personal factors can affect

patients’ ability to participate

and technology can help or

hinder

(5) Degree of participation

depends on perceived

importance of nutrition

• Personal interest, perceived

relevance and benefits of

nutrition

• Level of control and

responsibility over nutrition in

hospital

EFS, electronic foodservice system.
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that page. There was also confusion around the different

navigation buttons (back, next, continue, exit, submit),

with patients often selecting the wrong option for what

they wanted to do, causing frustration or disorientation.

Identifying benefits to technology increases its

acceptance

Patients expressed a positive view of the EFS because they

saw benefits to using it to order meals and track dietary

intakes, and this appeared to increase their acceptance of it.

Patients described how the EFS improved food service by

being more efficient, reliable and accurate than paper menus.

They found ordering meals through the EFS quick and easy

and considered that it reduced work for patients and staff

alike. They expressed high levels of confidence and trust in

the EFS because they liked seeing a confirmation of their

order and considered that the system reduced human error.

Patients also appreciated the flexibility and convenience of

the EFS, with abilities to complete meal orders at any time

and at their own pace; order several meals in advance; and

review and change orders at any time. However, some

patients considered the EFS was not as flexible or personal as

paper menus because there was no function to write free text

to order extra foods on the EFS.

‘The best thing about it, it’s instantaneous, you can’t

lose the piece of paper . . . and the order goes

straight to the kitchen . . . it’s very easy to do’ (P9,

age 61 years)

‘I don’t think I’ve ever received a meal that’s any-

thing other than what’s 100% ordered. So it’s very

accurate’ (P24, age 63 years)

Most patients also liked the concept of intake tracking

through the EFS because they considered it would be use-

ful for dietitians planning care for patients with specific

dietary needs, and considered that it would enable more

tailored, individualised care.

‘. . . useful to the dietitian surely, because you’ve got

to know what I’m eating, so if I’m losing weight or

not. . . and she’s got to be able to work out what I

eat . . . so it’s bound to be a help’ (P6, age 80 years)

‘I presume it would be (useful) . . . if it registered

straight away for each patient they could work

out . . . each individual patient while they’re in here,

what they’re eating, what they’re not’ (P3, age

54 years)

Technology enables participation, which occurs to

varying extents

Patients described several aspects of the EFS they consid-

ered might enable participation in their nutrition care.

However, participation appeared to occur to different

extents. One way in which patients expressed the EFS

could facilitate participation was through better access to

information, which patients used to varying degrees.

Many patients simply liked seeing the nutrition informa-

tion of foods they had ordered. Others considered the

intake tracking function provided good insight into what

they were eating. A few patients took this even further

and described how having access to this information

would provide a better understanding of their nutrition,

and enable them to tailor their meal selection to their

nutritional needs. Only a few patients considered there

would be too much information, that they would not

understand it, or it would be uninteresting to them.

Overwhelmingly, most patients desired information about

their nutrition when in hospital.

‘If patients knew exactly what was in the meals and

what they were ordering exactly then they’d maybe

make different decisions of what they were going to

order in the first place’ (P14, age 32 years)

‘The value of understanding what nutrition you’re

taking and then being able to relay that to the

kitchen or choosing something that is good for you,

that’s excellent . . . When you’re trying to get better

it’s utmost important that you have proper nutri-

tion’ (P11, age 63 years)

Patients liked that the EFS allowed for two-way transfer

of information; patients could see information that was

provided to them, and they in turn could provide infor-

mation for health care professionals (HCPs). Patients

expressed the importance of communication and interac-

tion with staff, and wanted this to continue when using

the EFS. Only a few patients explicitly expressed concern

that such technology would replace face-to-face interac-

tions with HCPs. On the other hand, many patients con-

sidered the intake tracking and goal setting components

of the EFS would actually facilitate communication

between them and HCPs such as dietitians. The EFS was

seen to save time and burden from routine tasks such as

diet histories for patients and staff alike as a result of the

ability for patients to provide this information through

the EFS. Patients acknowledged the EFS would rely on

truthful input from patients; a few participants consid-

ered that ‘some people’ may not correctly record their

data, whereas others considered people would be more

honest when entering data into the EFS than when telling

a dietitian in person.

‘I’d much rather have someone talk to me about it,

than me looking at a screen, but that might be my

age group’ (P4, age 49 years)

‘I think it would be good for dietitians

because . . . it’s all logged on there . . . easier for
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them to access without having to ask the patient

every meal’ (P5, age 32 years)

‘I actually spoke to somebody the other day about it

all and if I had this in front of me . . . It would have

been great’ (P11, age 63 years)

Patient-related factors were also seen to affect their abil-

ity to participate in care. Functional ability appeared to be

important for participating, and technology was perceived

to make some tasks easier. For example, most patients pre-

ferred electronic meal ordering to paper menus. Vision and

dexterity in using hands were commonly mentioned barri-

ers, and technology was seen as a means to overcome these,

although not by all patients. Some patients indicated that

pain, tiredness or being unwell could hinder participation

and, although some considered that technology could add

to these stresses, most said it would not make a difference.

A few patients considered that poor memory could be a

barrier to completing electronic menus on time or entering

food intakes, and suggested pop-up reminders on the EFS.

On the other hand, some considered that the EFS could

help with poor memory by providing a summary of what

had been ordered (in meal ordering) and a record of what

the patient had eaten (in intake tracking).

Degree of participation depends on perceived importance

of nutrition

Patients described varying degrees of willingness to partic-

ipate in their nutrition care, and this appeared to be

influenced by their interest in and perceived relevance or

benefits of nutrition. More active patients acknowledged

the importance of nutrition for health and recovery; con-

sidered that they had a role to play in their own nutri-

tion; and said they would view and use the EFS intake

tracking function and goals page. These patients voiced

an interest in nutrition and considered this information

to be useful and relevant to them. Other patients who

took a passive approach considered that they did not

have a role to play in their nutrition; did not perceive

nutrition to be important, interesting or relevant; and

said they ‘would not bother’ using these functions of the

EFS because they could not see the need or benefit, or

considered that it would be boring.

‘Yeah I have to, in order to be healthy because if I

don’t have enough nutrition, I might get sick,

instead of I go home early, I might be staying here

longer’ (P1, age 67 years)

‘I wouldn’t even bother to complete it. Nutrition

doesn’t affect me’ (P13, age 59 years)

Patients who expressed they did have a role in their

nutrition care in hospital frequently spoke about choice,

control and responsibility. They said that it was their

responsibility to choose foods from the menu (or source

from elsewhere) providing adequate nutrition for their

recovery. Others considered that being hospitalised lim-

ited their capacity to contribute to their nutrition because

the hospital provides the food (i.e. you get what you are

given) and the staff provide the care. These patients

expressed trust in HCPs to know what was best for them

and provide the best care in terms of nutrition, rather

than actively contributing themselves. In line with this,

interestingly even most of the ‘passive’ patients said they

would participate in their care by completing the MST or

intake tracking if they were asked to by a HCP. They

trusted that, if HCPs asked them to complete something,

it must be important, so they would do it; this indicated

some patients may need guidance to participate in their

care. Others who were not interested in nutrition handed

over this responsibility to family members and most

patients indicated that they were happy for their family

to be involved in their care.

‘You’re in charge of your body and what you

eat . . . what you order and what you put in your

mouth is going to have an effect on your body and

your healing . . . You have total control over that I

think’ (P14, age 32 years)

‘I’m just not that interested in those specifics . . . In

fact thinking about it, my wife would find real inter-

est in that. She’s really interested in those sorts of

things – I’m not, because she looks after me’ (P24,

age 63 years)

Discussion

The present study assessed the usability of an EFS and

explored patients’ perceptions of using it to participate in

their nutrition care. Overall, patients found the EFS

acceptable and described their perceptions of the benefits

for its use. Categories that emerged from the data

reflected patients’ perspectives of factors that influenced

their acceptance, willingness and ability to use the system

to participate in their care.

It was clear from the data that usability of the EFS

was significantly impacted by the user interface design.

Patients mentioned several aspects related to both pre-

sentation design and interaction design, including the

wording of headings and content; layout and presenta-

tion of pages; navigation through the system; and

instructions provided. In software design, there are seven

general user interface design principles known to medi-

ate usability: (i) learnability (easy to learn so users can

rapidly start using it); (ii) user familiarity (terms and

concepts drawn from experiences of end users with

other technologies); (iii) consistency (comparable
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operations are activated in the same way); (iv) minimal

surprise (behaviour of software should be expected and

should not surprise users); (v) recoverability (mecha-

nisms allowing users to recover from errors); (vi) user

guidance (meaningful feedback and context-related help);

and (vii) user diversity (appropriate interaction mecha-

nisms for diverse types of users and for users with dif-

ferent capabilities) (18). All of these principles were

apparent in patients’ responses to the EFS in the present

study. Patients expressed that, although experience with

the EFS or with other types of technology helped them

to use the EFS (familiarity), this was not essential

because most found it easy to use without prior experi-

ence (learnability). Patients found the intake tracking

function harder to use than meal ordering or the MST

task. This is not surprising because meal ordering was

an existing function that had already undergone usability

testing and the MST is a validated tool (26) that was

adapted to an electronic format by the information tech-

nology (IT) expert on our team, who has experience

with user interface design. The intake tracking function

was a basic prototype, developed for the purpose of this

testing, and so it is expected that there would be some

issues relating to usability. Patients had difficulty navi-

gating this task and wanted clearer instructions (user

guidance, recoverability), voicing frustration when they

did not achieve the outcome they expected when select-

ing certain buttons (minimal surprise, consistency).

Patients also acknowledged the issue of user diversity,

raising a number of potential concerns with using tech-

nology that were unique to hospitalised patients.

Patients’ acceptability of technology and willingness to

participate in care were influenced by several factors that

align with characteristics of Rogers’ Diffusion of Innova-

tions theory (27). There was a broad spectrum in terms

of willingness and extent of participation in care, which

appeared to be affected by patients’ interest in and per-

ceived importance, relevance and benefits of nutrition

(compatibility, relative advantage) (27). Particular benefits

of the EFS that patients described appeared to align with

the notion of patient-centred care. Patients considered

that electronic meal ordering allowed for better food

service in terms of efficiency and accuracy, and also

allowed greater flexibility and convenience to them as

patients. They also perceived that the EFS would allow

dietitians to plan more individualised care, with specific

information about each patient’s intake available to

them through the intake tracking function. In terms of

the technology, most patients found the EFS easy to use

(low complexity) and saw benefits to using it (relative

advantage), which made it acceptable to them. The

importance of these aspects in information technology

acceptability has long been raised in human–computer

interaction literature (28). Davis’ Technology Acceptance

Model postulates that perceived usefulness and perceived

ease of use are the main predictors of technology accep-

tance. A systematic review also found these to be the

strongest predictors of patient acceptance of consumer

health information technology (15). Interestingly, in the

present study, patients’ acceptance of technology did not

appear to be influenced by their familiarity or experi-

ence with technology because all patients found the sys-

tem easy to use regardless of their computer literacy.

This is in agreement with Davis’ Technology Acceptance

Model, which asserts that computer self-efficacy does

not have a significant influence on intention to use

technology (29). However, the systematic review by Or

(2009) (15) found that prior experience or exposure or

computer/technology self-efficacy was a significant

predictor of technology acceptance.

Patients named several functions of the EFS that they

perceived to enable participation in care, and these

aligned with a concept analysis of patient participation

by Sahlsten et al. (30). First, patients described how the

availability of information on the EFS, as well as the

ability for information exchange between the patient

and system (and dietitians using the system), enabled

participation. Meaningful exchange of knowledge and

information between patients and HCPs is a core con-

cept of patient participation (30) and technology was

seen to enable this. For example, some patients

described how access to nutrition information of the

foods that they had ordered and eaten could improve

their understanding and awareness of their nutrition

needs and intake. Some even described how that infor-

mation would influence their dietary choices and beha-

viours in hospital. Sahlsten et al. (30) also acknowledge

that respectful, trusting and mutual relationships

between patients and HCPs, as well as mutual engage-

ment in healthcare activities, are important aspects of

participation. In the present study, patients still wanted

connections and interactions with their HCPs, and the

EFS was generally seen as having the ability to facilitate

this; for example, by having information displayed on

the screen that patients and HCPs could view, interact

with and talk about together. Patients also considered

the EFS to be able to streamline communication by

eliminating burdensome tasks (such as dietitians con-

ducting diet histories with patients) that patients could

complete themselves on the EFS. This is in line with

Sahlsten’s notion of HCPs surrendering some power or

control to allow patients to participate in healthcare

activities (30).

Our recent realist review highlighted several key fea-

tures of studies using technology to engage hospitalised

patients in their care(35). These included information
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sharing; self-assessment and feedback; tailored educa-

tion; user-centred design; and support in use of tech-

nology. The proposed intervention being tested in the

present study used information sharing and self-assess-

ment and feedback through intake tracking and MST

self-completion. The information provided by patients

can be used by HCPs to provide tailored education.

Patients in the present study raised the importance of

having training and support from HCPs in using the

technology, although the amount of support needed

varied between patients; consistent with tailored inter-

ventions (31,32) and minimally disruptive healthcare (33).

In the realist review, a user-centred approach to design-

ing technology-based interventions for hospitalised

patients was described as crucial for promoting usabil-

ity, satisfaction and willingness to use (35); key determi-

nants of technology acceptance (14). The present study

adopts this user-centred design approach because the

purpose of the study was to understand users’ perspec-

tives of the EFS to inform further development of

functions allowing patients to participate in their nutri-

tion care. In the realist review, it was also concluded

that there was a stronger representation of health

sciences than IT in studies using technology to engage

patients in their care, and a lack of IT input in terms

of theoretical underpinning, methodological design and

reporting of outcomes. Hence, stronger interdisciplinary

collaboration between healthcare and IT researchers is

needed for effective design and evaluation of technol-

ogy-based interventions. The importance of partnerships

between health and IT experts, as well as partnerships

with industry (i.e. software developers), was also high-

lighted in a paper portraying software developers’ per-

spectives of technology-driven dietary assessment (34).

This usability study used an interdisciplinary team con-

sisting of researchers (academics) and clinicians from

nutrition and dietetics, nursing, and importantly, IT.

We have also formed a collaboration with our industry

partner Delegate Technologies (Vienna, Austria) (i.e.

the company that owns the software tested), with the

mutual goal of working together to further develop the

software based on user feedback.

The present study has some limitations. First, it was

conducted in one Australian hospital and so may not

be generalisable to other countries or settings. However,

maximum variation purposive sampling was used to

recruit patients from a number of medical and surgical

wards aining to represent as broad a range of patients

as possible. Despite this, and also despite continuing

interviews until data saturation was reached, it is still

possible that some views were not represented in our

sample. Usability testing of the MST and intake track-

ing functions were performed on an iPad and Personal

Entertainment System screen, respectively, as a result of

time constraints in incorporating the electronic MST

into the existing EFS. However, it is unlikely that this

would have impacted on perceived usability because the

screen sizes were similar and required the same perfor-

mance from users (i.e. screen tap). The intake tracking

function tested was a basic prototype of the proposed

software, and so it was expected that there would be

usability issues because it had never been tested with

patients before. However, in agreement with Kushniruk

(2002), this is the preferred method of effective health

information systems software design: a basic prototype

is tested with users and the results from this evaluation

are used in further cycles of redesign and testing until

the system is satisfactory (17).

Conclusions

The present study found that hospitalised patients were

generally accepting of an EFS that allowed them to par-

ticipate in their nutrition care through MST and intake

tracking functions. Several factors appeared to influence

patients’ acceptability of this technology and their will-

ingness to participate in their nutrition care. Usability

was an important factor in patient acceptance, and this

appeared to be mostly impacted by user interface

design, as well as familiarity, learnability and low com-

plexity of the EFS. Patients were also more accepting

of this technology when they saw it to be beneficial to

them. Similarly, willingness to participate in nutrition

care appeared to be affected by patients’ interest in

nutrition and their perceived benefits and importance

of nutrition in hospital. Interestingly, patients

expressed that technology enabled their participation

in care through improved access to information, bet-

ter communication with HCPs, and the ability to

overcome some personal barriers to participation.

The present study provides important insights into

the design and development of functions within an

EFS that allow patients to participate in their nutri-

tion care through self-assessment and self-monitoring,

and shows promise for the patient acceptability of

such technology.
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Abstract

Background: Governing organisations for health services currently recom-

mend a patient-centred (PC) approach to practice for all health professions,

including dietetics. For the vulnerable older malnourished patient, this

approach needs to be prioritised to improve outcomes. The paucity of

patient experience data likely limits evidence-based, patient-centred care

(PCC) from being implemented effectively. The present study aimed to

identify quality indicators of dietetic services from the perspectives of older

malnourished patients to inform evidence-based PC dietetic care.

Methods: Surveys were completed by a sample of 28 females and 28 males

(mean age 81 years) who had been seen by a dietitian for malnutrition assess-

ment. In-depth, face-to-face, semi-structured interviews were undertaken with a

sub-sample of four females and six males (mean age 81 years). Interviews were

transcribed verbatim. Thematic analysis of transcripts and open-ended survey

responses was conducted to determine patient-identified quality indicators.

Results: Three structure indicators (continuity of care through regular con-

tact and post-discharge dietetic follow-up; interdisciplinary coordination

and collaboration; and high-quality hospital food services), five process indi-

cators (addressing a patient’s primary medical concern; involving the

patient’s family; providing clear and simple dietetic information; providing

expert dietary knowledge; utilising interpersonal communication skills) and

three outcome indicators (improvement in health status; improvement or

maintenance of independence; weight gain) were identified. The experiences

of older malnourished patients with dietetic services, as described in the

present study, reinforce the importance of ensuring high-quality and tai-

lored dietetic care as a key element of PC dietetic services.

Conclusions: The quality indicators of dietetic services identified in the pre-

sent study may facilitate dietitians to provide evidence-based PCC for older

malnourished patients.

Introduction

A growing number of older Australians are reliant on

healthcare as a result of the increasing population and a rise

in chronic conditions (1–5). Within this population, malnu-

trition is a serious medical concern, with approximately

40% of hospitalised and 10–30% of community residing

older adults being affected (6–9). As a result, older adults fre-

quently interact with both inpatient and community-based

dietetic services. With advancing information technology,

individuals in the current population are more informed

and less likely to be passive recipients of healthcare and

advice (3). Therefore, patient collaboration is necessary to

tailor dietetic services to the complex and holistic needs of

today’s older malnourished patient. These ideals are recog-

nised through patient-centred care (PCC) (10).

PCC is identified as a key dimension of high-quality

healthcare (10–12). A range of governing organisations and
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evidence-based practice guidelines recommend patient-

centred (PC) dietetic care for older malnourished patients
(9,12,13). However, there appears to be a lack of agreement

or clarity on what variables define best-practice PCC in

various settings, thereby hindering the wide-scale estab-

lishment of PCC, particularly in the hospital setting (14–17).

‘Patient-centeredness’ is a measure of healthcare

quality (10). Therefore, clear quality indicators need to be

identified to inform PCC. Lawrence and Kinn (18) define

a quality indicator as an agreed upon element of prac-

tice that can be measured to assess the quality of care.

For PCC for the older malnourished patient, these indi-

cators must be grounded on patient perspectives of their

experiences with healthcare (18). However, this data is

currently lacking across all healthcare disciplines, includ-

ing dietetics (11). Therefore, the present exploratory study

aimed to identify PC quality indicators of dietetic ser-

vices from the perspectives of older malnourished

patients.

Materials and methods

Study approach and context

The present study drew upon a phenomenological

methodology because this approach is grounded on deter-

mining people’s first-hand emotions, attitudes and per-

ceptions (19,20). The study was undertaken as part of

wider local research investigating the patient journey of

older adults and was approved by the Human Research

Ethics Committee (HE15/007). An ‘older adult’ was

defined as someone aged 70 years or older. This demo-

graphic is most reliant on health services (4) and repre-

sents a priority population for PCC (21).

Population sampling

A purposive sampling technique was employed for

recruitment. The inclusion criteria were patients aged

≥70 years who were (i) screened as at risk of malnutrition

and (ii) had subsequently been seen by a dietitian for

malnutrition assessment using a validated malnutrition

assessment tool: the Mini Nutrition Assessment (MNA)

or the Subjective Global Assessment (SGA). Patients from

palliative care and oncology wards, dementia patients and

those with a Mini-Mental State Examination score ≤18 or

a Rowland Universal Dementia Assessments Scale score

≤22, were excluded. Additionally, individuals were

excluded if upon approach, they were considered too

unwell to participate. Furthermore, if patients consented

to the interview but ≥2 months had lapsed since seeing a

dietitian, they were excluded from the interview.

A sample of eligible patients was recruited from five

hospitals within the Illawarra Shoalhaven Local Health

District, between March and August 2015. The recruit-

ment sites consisted of one general medical ward, three

rehabilitation wards and two aged-care/non-acute wards

as well as one dietetic outpatient service and one multi-

disciplinary transition home service. Verbal consent to

approach for participation in the study from each patient

was obtained by the patient’s treating dietitian, before one

of two of the study investigators (EH or MT) obtained

informed written consent from patients and administered

the survey. If eligible patients were discharged prior to

having been approached for participation then study

information, consent forms and the survey were mailed to

them, including a stamped return envelope.

Data collection

Data were collected and triangulated using three methods:

(i) medical record review; (ii) a patient satisfaction survey

and (iii) semi-structured in depth interviews.

Demographic details for each participant (age, sex,

length of hospital stay, malnutrition assessment scores

and discharge destination) were obtained from written

progress note and electronic medical record review.

The survey consisted of 27 questions (Appendix 1),

which was pilot tested using a small sample of eligible

patients and dietetic health professionals to assess face

validity. The present study reports on the responses to

the open-ended survey questions relating to a patient’s

experience and satisfaction with the dietetic care received.

Additional data obtained from closed questions will be

analysed in future research.

Semi-structured interviews were conducted by a non-

treating member of the research team. These interviews

lasted between 10 and 30 min and were undertaken at a

patient’s home post-discharge or in the hospital in a pri-

vate room, at a time that was mutually convenient for

both patient and interviewer. The aim of the interview

was to capture a patient’s experiences with the dietetic

service and their perceptions of this care. An interview

guide covered five key topic areas (Appendix 2), includ-

ing narrating the nutrition care experience; recollections

about referral and treatment delivered by the dietitian;

rating the experience of dietetic care; perspectives on

compliance to the dietary prescription; and assessment

about the value of the care provided by the dietitian.

Interviews were recorded using a digital recorder and

transcribed verbatim by two researchers, including the

main investigator (EH and MT).

Analysis

The qualitative data analysis frameworks by Green et al.
(22) and Fade and Swift (23) were drawn upon to analyse
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the qualitative data obtained from the survey and inter-

views. Analysis involved immersion in the data, coding

transcripts, creation of categories and identification of

themes. Three of the 10 interview transcripts were

reviewed against the digital recording to enhance tran-

scriptional accuracy. The transcripts were coded sepa-

rately by EH and MT to develop main themes and ensure

rigour (23). Subcategories were then developed to account

for variance within these themes. Differences were identi-

fied and debated through discussion, until consensus was

reached, as recommended by Harris et al. (19). NVIVO, ver-

sion 10 (QSR International Pty Ltd, Melbourne, Aus-

tralia) was used to manage the qualitative data.

Demographic data were analysed using SPSS, version 22

(IBM Corp., Armonk, NY, USA) and are reported as the

mean (SD). The Shapiro–Wilk test was used to determine

normality.

Results

One hundred and seventeen participants were eligible and

were asked to participate in the present study. Fifty-six

(response rate: 47.9%) completed the survey. Of the sur-

vey sample, 27 (response rate: 48.2%) consented to the

interview. Ten (37%) of the 27 consenting patients parti-

cipated in the interview. Reasons for interview drop-out

included death (n = 2), relocation (n = 2), no longer

meeting the eligibility criteria (n = 1) and ≥2 months

having lapsed since their last dietetic consultation

(n = 12). The interview sample size (n = 10) was consid-

ered appropriate for the depth of qualitative data col-

lected because data saturation was reached by interview

number eight, with no new themes subsequently being

identified (19).

Sample demographics

Participant demographics are outlined in Table 1. There

were 56 survey participants (28 males and 28 females)

with a mean (SD) age of 80.73 (0.962) years. The inter-

view subsample comprised six males and four females,

with a mean (SD) age of 80.2 (2.476) years. Of the survey

sample for which an MNA or SGA score was recorded

(n = 52), 88.5% were assessed as at risk of malnutrition

or malnourished. This was the case for 100% of the inter-

view subsample.

Patient-centred quality indicators of dietetic care

Eleven quality indicators embedded within three domains:

structure (relating to wider healthcare systems and envi-

ronment), process (relating directly to the dietitian-

patient interaction) and outcome (relating to desired

measurable or immeasurable outcomes of dietetic care)

were identified (Table 2). A selection of these quality

indicators are discussed below, with exemplar quotes

being provided to reinforce the important findings.

Structure indicators

Continuity of care through regular contact and post-

discharge dietetic follow-up. Both open-ended survey and

interview responses revealed that continuity of care

through regular contact and post-discharge dietetic fol-

low-up was considered to be PC dietetic care. Unfortu-

nately, participants often considered that this was limited,

particularly in the hospital setting. For example, P82

Table 1 Survey and interview participant demographics

Survey

(n = 56)

Interview

(n = 10)

Sex

Male 28 (50.0%) 6 (60.0%)

Female 28 (50.0%) 4 (40.0%)

Recruitment setting

Inpatient 46 (82.1%) 10 (100.0%)

Outpatient 10 (17.9%) 0 (0.0%)

Malnourished or at risk of malnutrition

Yes 46 (88.5%) 10 (100.0%)

No 6 (11.5%)* 0 (0.0%)

Discharge destination

Home

Total 29 (46.4%) 5 (50.0%)

Home with dietetic follow-up 12 (41.1%) 2 (20.0%)

Residential aged care facility 12 (21.4%) 3 (30.0%)

Deceased 5 (8.9%) 0 (0.0%)

Hospitalised at conclusion of data

collection period

9 (16.1%) 2 (20.0%)

*These data were only available for 52 participants.

Table 2 Quality indicators of dietetic services identified from surveys

(n = 56) and interviews (n = 10) with older malnourished patients

Structure

Continuity of care through regular contact and post-discharge

dietetic follow-up

High-quality hospital food services

Interdisciplinary coordination and collaboration

Process

Addressing the patients’ primary medical concern

Involving the patients’ family

Providing clear and simple dietetic information

Providing expert dietary knowledge

Utilising interpersonal communication skills

Outcome

Improvement in health status

Improvement or maintenance of independence

Weight gain

Note that quality indicators in each category are listed alphabetically.
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described the interaction with the inpatient dietitian as

‘fleeting’. Furthermore, the emotive response of P71 to

being asked if they had contact with a dietitian following

a hospital admission supports the value in providing con-

tinuity of care through post-discharge dietetic follow-up:

‘No – you’re the only one who cares about me’. In com-

parison, P74 reflected positively on regular post-discharge

follow-up with the dietitian available through a commu-

nity-based transitional aged care programme: ‘ITACS very

good. They came here all the time (sic)’.

Interdisciplinary coordination and collaboration. Partici-

pants valued dietitians coordinating and working collabo-

ratively with other healthcare professionals to provide

holistic care as a component of PCC, as encapsulated by

the quote: ‘Dietitians have their role and that is to see if

you were eating healthy. . . as long as you’re not ignoring

other issues. . . if you’re going to ignore that and just

concentrate on one well it’s going to fail’ (P45). However,

several participants recounted experiences where poor

coordination and collaboration within the team failed

and this impacted their nutrition: ‘When they take me to

X Hospital for a test, they wipe me off the list, so when I

get back there’s no tea, or no lunch’ (P4).

High-quality hospital food services. Patient perceptions

regarding the quality of dietetic services were intimately

linked with perceptions regarding the quality of hospital

food and interactions with food service staff. Overwhelm-

ingly, experiences with the hospital food services were

negative and this reflected negatively on perceptions of

the dietitian. For example, P74 explains: ‘(Dietitians) do

nothing . . . No, we all complain . . . they brought the

meals and they go out again. They saw that and they do

nothing’ (P74).

Process indicators

Addressing the primary medical concerns of patients. The

importance of the dietitian tailoring nutritional advice

and care to the primary medical concern of patients is

illustrated by P50: ‘There should be a guide to guide you,

what, you know, really need . . . I have a break in my

femur so you need calcium and protein . . . and other

(nutrients) for your bones (sic)’. Several of the respon-

dents believed that nutrition care could not be provided

until their underlying medical issue was diagnosed: ‘First

thing I’d ask the doctors what happened to me and then

I would maybe ask for the dietitian’ (P1); ‘A dietitian

couldn’t tell me about what to eat because she didn’t

have the knowledge from the doctors’ (P15). These

quotes further highlight the importance of interdisci-

plinary coordination and collaboration.

Providing clear and simple information. Information that

was understandable and actionable was considered a key

element of a high-quality PC dietetic care; and aligns

with the theme of providing continuity of care. They

valued clear and simple information provided by dieti-

tians: ‘I got home and understood everything right

away’ (P15) and disliked the use of jargon: ‘When the

doctors were talking to me . . . they were saying F, uh,

F, FD, F, C, FJ and all like this I don’t even know what

they were flipping talking about’ (P15). Further empha-

sising the importance of providing clear and simple

information, several participants had difficulty recalling

the information provided in the hospital setting, as

demonstrated by P50: ‘What did the dietitian do for me

hmmm . . . I can’t remember anything in particular’.

Conversely, both survey and interview participants were

more likely to recall written dietetic information and

this was viewed positively: P74: ‘I got a note . . . She’s

very good’.

Utilising interpersonal communication skills. High-quality

PC dietetic care was recognised when dietitians utilised

interpersonal skills such as active listening and empathy:

‘They listen to you. Whatever you know, you want, they

try to help you . . . they are very kind’ (P36), ‘she was

lovely’ (P72). When participants considered the dietitian

or other members of the health care team did not utilise

interpersonal skills, the perception of that health profes-

sional was negatively affected. This was repeatedly com-

municated in response to being asked what inpatient

dietitians could do to improve the service: ‘They could

listen . . . they don’t listen to you’ (P72); and ‘It just

seems hard to get through sometimes’ (P4). Further sup-

porting the importance of utilising interpersonal commu-

nication skills with older malnourished patients, P72

recounted an impersonal interaction with a doctor: ‘A

doctor – who didn’t give me his name I much prefer

when a doctor says ‘I’m Dr Smith’, because you can’t

identify them otherwise. The nurses come in and say ‘Hi,

I’m Julie, I’m looking after you’.

Outcome indicators

Improvement of and maintenance of independence. Pati

ents valued dietetic care that was tailored to helping them

achieve or maintain a level of independence that particu-

larly allowed them to remain in their own home: ‘You

are professionals in here . . . when I come in this hospital

I couldn’t lift myself from the chair . . . now I can

walk . . . I am independent . . . believe me I am very

happy’ (P36); ‘I need the strength in my legs . . . I need

the strength in me upper body and that and diet . . . is

part of it, along with the physical part yeah, so I’ll do
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whatever I need to quicken this process up so I can get

out (sic)’ (P46). As also evident from these quotes, par-

ticipants recognised the importance of dietitians collabo-

rating with other members of the healthcare team to

expedite their transition home; further supporting that

theme as a component of PC dietetic care.

Discussion

In the present study, we have identified eleven key themes

that can be used to describe high-quality PC dietetic care

for older malnourished patients. Previous research has

largely utilised a Likert-scale-style and closed questions to

capture patient preferences in dietetic services. These

studies have determined similar key indicators, such as

interdisciplinary collaboration (24), interpersonal commu-

nication skills (25–27), empathy (28) and patient involve-

ment (30). A strength of the present study is the use of

more open-ended questions and triangulation through in-

depth qualitative interviews. This allowed for more

detailed patient experiences to be determined, which is

key to informing PCC (20,30–33). In line with this thinking,

Hancock et al. (34) utilised semi-structured interviews to

capture patient experiences. Participants identified: com-

munication, rapport, individualised information and non-

judgemental regular support as quality indicators of

dietetic care (34). Cant and Aroni (25) confirmed the value

of good communication through patient interviews.

Moreover, Endevelt and Gesser-Edelsburg (35) supported

the importance of providing individualised dietetic care

through focus groups with patients. However, because

these studies have not explored the perceptions of older

malnourished patients regarding hospital-based dietetic

services, the present study helps to address a critical gap

in the literature. Therefore, the present findings offer

information necessary to help inform evidence-based PC

dietetic care for the vulnerable older malnourished patient

population.

Participants in the present study acknowledged that

quality inpatient dietetic care is often hampered by struc-

tures unique to the hospital environment. Specifically,

they explained that the present hospital setting did not

support regular dietetic follow-up and restricted obvious

and optimal interdisciplinary coordination and collabora-

tion. Additionally, with the apparent poor delineation

between food service staff and dietitians, dissatisfaction

with the quality of hospital food services translated to

negative perceptions of the dietitian. These findings high-

light that dietetic care environments must be conducive

to PCC to facilitate this practice. This notion is recog-

nised in several key health policy reports and research

studies suggesting that healthcare services must have sys-

tems in place conducive to PCC, allowing health

professionals to practice in this way (36–39). Therefore,

changes at a hospital system level in relation to ensuring

adequate dietetic staffing; facilitating interdisciplinary col-

laboration and coordination; and improving the quality

of food services, appear to be central to facilitating PC

dietetic care in this setting.

As outlined above, working within the hospital envi-

ronment may present obstacles to the provision of PC

dietetic care. This was recognised by the older malnour-

ished patients in the present study. Hence, they placed

high value on continuity of care through post-discharge

dietetic follow-up. A framework describing PCC for older

adults by the Victorian Department of Health (21) sup-

ports this, by recommending interdisciplinary discharge

planning and follow-up for this vulnerable population (21).

These ideals can be recognised in the relatively novel

healthcare model: the PC medical home. This is a commu-

nity-based model where one practitioner coordinates an

interdisciplinary care plan that is tailored a patient’s per-

sonal needs and values (40). The benefits of the PC medical

home (and similar transition home programmes for older

adults) include lower rates of hospital readmission and

improvements in patient satisfaction with care, as

described in a systematic review by Allen et al. (41). There-

fore, the development of more interdisciplinary commu-

nity-based dietetic services and dietetic positions in

transition home services may promote PC dietetic care for

older malnourished patients.

Being listened to was a salient indicator of interper-

sonal communication and PC dietetic care according to

the participants. As a result of the time-restrained and

busy nature of the hospital setting, participants in the

present study considered that they were not always effec-

tively heard by dietitians. This issue may be further com-

pounded because older patients are more likely to suffer

from hearing, vision and cognitive impairments (42).

Whitehead et al. (43) also recognise that good communi-

cation, which encompasses attentive listening, is funda-

mental to PCC, as well as key to facilitating dietary

behaviour change. Unfortunately, while the dietitians in

their study valued good communication with patients,

they considered this time consuming (43). A report by the

Victorian Department of Health (21) emphasises that time

taken to communicate with older patients is not wasted.

They explain that it is safer and more efficient to know

what patients need than it is to make assumptions and

that this is necessary for the provision of optimal and tai-

lored PCC (21). Although dietitians are encouraged to take

the time to utilise interpersonal communication skills

with older malnourished patients to provide PCC, it is

appreciated that until hospital-based systems are trans-

formed to facilitate this practice, this may continue to be

a challenge. This further highlights the value of
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community-based dietetic follow-up to help to overcome

hospital setting related barriers to interpersonal commu-

nication.

To our knowledge, this small exploratory study is the

first to capture the experiences of older malnourished

patients with hospital dietetic services in both the inpa-

tient and community setting. It provides the initial data

to inform an ongoing wider study about the dietetic jour-

ney of older malnourished patients. However, limitations

should be acknowledged. Only 16 weeks were available

for data collection. This subsequently limited the capacity

for researchers to recruit inpatients before they were dis-

charged and the response rate was lowest when partici-

pants were recruited via mail (14.3% and 0% for the

survey and interview, respectively). As a result of the

small sample and purposive nature of sampling, the views

of participants included in the present study may not rep-

resent the views of all older malnourished patients. More-

over, throughout the survey responses and interviews, an

overwhelming sense of agreeableness evolved. This may

be explained by the result of a study by Coulter and Jenk-

inson (44), who found that older patients have fewer

expectations of the care provided in comparison with

their younger peers. Similarly, the results may have been

exposed to positive bias because older patient responses

can be influenced by a desire to please the researcher (45)

and a hesitation to critique healthcare (46). Although these

limitations do make the representativeness of the findings

unclear, qualitative research in nutrition sciences aims to

enrich our knowledge of certain processes, rather than

present definitive relationships and conclusions (19).

Hence, the present findings help to address the lack of

patient experience research conducted with the older mal-

nourished patient population. This is central to informing

evidence-based PC dietetic care.

It would be worth exploring patient perceptions of

older malnourished patients with respect to quality diete-

tic care in larger samples and in other health districts

across Australia, as well as in other countries. This will

allow the translatability of these findings to be explored.

Additionally, such research may further enhance our

understanding of PC dietetic care for older malnourished

patients across the care continuum. By expanding this

evidence base and also exploring the perceptions of health

professionals, the present findings could aid the develop-

ment of a tool for assessing the patient-centeredness of

dietetic services for older malnourished patients.

In conclusion, the results of the present study have

identified eleven quality indicators of dietetic services

from the perspectives of older malnourished patients.

This set of indicators helps to describe what older mal-

nourished patients consider constitutes PC dietetic care.

This may assist dietitians to provide evidence-based PCC.
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Appendix 1:
Survey

Patient satisfaction survey

In the Nutrition Department of Illawarra Shoalhaven Local Health District we aim to 

provide the best quality dietetic service to our patients and clients.

By completing this survey, you will be providing us with feedback to improve the 

quality of our care and services. Your responses will remain confidential.

We’d like to thank you in advance for your time.

Please provide some basic information about yourself: (Please circle)

Gender: Female Male

Age: 70-74yrs 75-84yrs 85+yrs

Living situation: Live alone in own home Live with 

spouse/partner/family

Live in low level care Live in Nursing Home

Tell us about your experience in hospital

1- How long have you been in hospital for? Please tick:

[    ] ≤1 week

[    ] 1-2 weeks

[    ] 2-4 weeks

[    ] 1-3 months

[    ] ≥ 3 months

2- If you have been transferred to different hospitals during your stay please 

let us know how many, please circle.

Coledale Bulli Wollongong Port Kembla

Shellharbour Kiama Other _______________________

3- During your stay in hospital, did you ask to see a Dietitian?

[    ] No

[    ] Yes, tell us why: 

__________________________________________________________

4- During your stay in hospital, did a Dietitian come to see you without you 

asking? Please tick:

[    ] Yes, please tell us the number of dietitian visits: _________

[    ] No, if no, go to question 10

[    ] Unsure/don’t know 
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5- Can you  recall the information the dietitian discussed with you, please tick:

[    ] Yes, please tell us what the information was mainly about:

___________________________________________________________________

__________

[    ] No

[    ] Unsure 

6- Did your dietitian give you advice on ways to improve your nutritional 

intake?

[    ] Yes, please tell us what key advice was given: 

___________________________________________________________________

__________

[    ] No 

[    ] Unsure 

7- Did you find this information useful?

[    ] Yes, please tell us what advice was most useful:

___________________________________________________________________

__________

[    ] No, please tell us what might have been useful: 

___________________________________________________________________

__________

8- Did the Dietitian explain things in a way you could understand?

[    ] Yes

[    ] No, please tell us how it could have been explained better:

___________________________________________________________________

__________

9- If you have seen a dietitian during THIS stay, how would you rate the 

dietetic service that you have received?

Excellent                    Good                     No comment                      Fair                     

Poor     

Please comment on what the dietitian(s) could have done better or what they did 

well? 

___________________________________________________________________

___________________________________________________________________

____________________
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10- During your stay, have you received any special/different foods or 

supplement drinks?

[    ] Yes, please let us know what those foods/drinks were: 

_____________________________

[    ] No 

[    ] Unsure 

11- Have you been weighed while you have been in hospital?

[    ] Yes

[    ] No
[    ] Unsure  

12- Do you have any concerns about your weight?

[ ] Yes, what are they? -

_________________________________________________________

[    ] No

[    ] Unsure  

13- Do you have any concerns or worries about how well you have been eating in 

hospital?

[    ] Yes, what are they? 

_________________________________________________________

[    ] No

[    ] Unsure  

14- Do you think it would be helpful to see a dietitian after you go home from 

hospital?

[    ] Yes, please let us know why? 

__________________________________________________

[    ] No, please let us know why not? 

_______________________________________________

[    ] Unsure  

15- What language do you mainly speak at home?

[    ] English, go to question 17

[    ] A language other than English, specify language

__________________________________

16- If you saw a dietitian, was an interpreter provided?

[    ] Yes

[    ] No, did not need one

[    ] No, but would have liked to have had one. 
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17- Did you complete this survey on your own?

[    ] Yes

[    ] No, with help from someone (please specify) 

_____________________________________

18- Have you seen a dietitian as an outpatient

[   ] Yes, please go on to question 19

[   ] No, this concludes the survey for inpatient dietetic services; thank you for your 

time, your feedback is greatly appreciated.

Please feel free to write any other comments about inpatient dietetics services you 

wish to share with us below:

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

__________

Tell us about your experience as an outpatient

Only answer these next questions if you have seen a dietitian as an outpatient.

19- If you have seen a dietitian as an outpatient please indicate with which 

service: 

[    ] ITACS (Illawarra Transitional Aged Care Service)

[ ] CONECT (Community Outpatient and Extended Care Team)

[    ] Other (Please specify) 

________________________________________________________

20- Do you know why you have seen the dietitian?

[    ] Yes, tell us why: 

____________________________________________________________

[    ] No

21- Has your Dietitian given you advice on ways to improve your nutritional 

intake?

[    ] Yes, please tell us what key advice was given: 

___________________________________________________________________

__________

[    ] No 

[    ] Unsure 
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22- Have you found this information useful?

[    ] Yes, please tell us what advice was most useful:

___________________________________________________________________

__________

[    ] No, please tell us what might have been useful: 

___________________________________________________________________

__________

23- Did the dietitian explain things in a way you could understand?

[    ] Yes

[    ] No, please tell us what you would have preferred/how it could have been better:

___________________________________________________________________

__________

24- How would you rate the outpatient dietetic service that you have received?

Excellent                    Good                     No comment                      Fair             

Poor  

Please comment on what the dietitian(s) could have done better or what they did 

well?

___________________________________________________________________

___________________________________________________________________

______________________________________

25- What language do you mainly speak at home?

[    ] English, go to question 27.

[    ] A language other than English, specify language 

__________________________________

26- Was an interpreter provided for you?

[    ] Yes

[    ] No, did not need one

[    ] No, but would have liked to have had one. 

27- Did you complete this survey on your own?

[    ] Yes

[    ] No, with help from someone (please specify) 

_____________________________________

Please feel free to write any other comments about outpatient dietetic services that 

you wish to share with us below:

______________________________________________________________________

______________________________________________________________________

__________________________

Thank you for your time. Your feedback is greatly appreciated
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Appendix 2:
Interview question guide

1 During your hospital admission, a Dietitian was

involved in your care. Please describe your nutrition care

experience from beginning to end (including your expe-

rience with the outpatient service (ITACS/CONECT).

Prompts: What triggered the need for nutrition care?

What did the Dietitian do for you? Were you given a spe-

cial diet/supplement drinks/information/reassurance, etc.?

Were you given any specific advice? How have you been

using the advice that you were given?

2 What was positive about seeing the dietitian?

Prompts: Identify type of information provided, how it

was delivered and in what setting, what changes if any

was enacted with the eating plan, how as the advice used

during and proposed for after the hospital stay.

3 Was there anything negative about your interaction

with the Dietitian? What constructive criticism can you

offer us so we can improve things?

Prompts: Identify if the Dietitian understood what the

patients concerns were; if their preferences and requests

were taken into account, and if not why the patient might

think they were not; identify if the food requirements

were the main concern, or the advice about how to man-

age the dietary requirements was of main concern; iden-

tify what the patient thinks might be done better from

their experience.

4 If you were able to talk with someone who might

have similar health issues and who had to go to hospi-

tal what might you advise them to talk with the Dieti-

tian about?

Prompts: identify any specific areas of concern or areas

that were well done that might not be clear to other

patients around food and nutrition offerings or advice;

identify if patient are concerned about how they will

manage their food and nutrition needs at home.

5 Any other comments that you would like to make

about the Dietitian or the service that we have not yet

covered
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Abstract

Background: Student confidence is an important contributor to a successful

professional placement experience. The present study aimed to evaluate a

placement preparation program for student dietitians and to assess the

impact on self-rated confidence with respect to commencing placements.

Methods: The present study is part of a design-based research approach that

involves students in a cyclic enquiry to evaluate and improve curricula.

Nutrition and Dietetics students at an Australian university participated in a

1-week mandatory workshop – Pre-Placement week (PrePW), N = 98 stu-

dents: in 2015 (n = 54) and 2016 (n = 44). An online survey was conducted

before and after PrePW using a five-point Likert scale (1 = not confident;

5 = very confident) to assess self-rated confidence to commence placements.

Mean (SD) scores were calculated. Paired and independent t-tests evaluated

within- and between-group differences, respectively.

Results: Before PrePW, the mean (SD) for student confidence to commence

placements overall (in all areas of practise) was ‘somewhat confident’

[2.9 (0.6) in 2015 and 3.0 (0.7) in 2016]. Students were least confident to com-

mence Clinical Practice [2015: 2.5 (0.6); 2016: 2.8 (0.6)] compared to Food

Service Management (FSM) [2015: 3.2 (0.9); 2016: 3.1 (0.9)] and Community

and Public Health Nutrition (CPHN) [2015: 3.3 (0.9); 2016: 3.2 (0.8)]. Stu-

dent feedback from PrePW 2015 was used to change the curriculum and

PrePW program. The 2016 students reported significantly greater confidence

within all areas of practice: Clinical Practice [3.4 (0.6)], FSM [3.7 (0.6)] and

CPHN [3.8 (0.6)], including confidence to commence placements overall

[3.6 (0.6)] (P < 0.05).

Conclusions: Design-based research provides a useful framework for

improvement to curricula and, in this case, was successful in enhancing stu-

dent confidence in preparation for professional placement.

Introduction

Self-confidence is considered to be one of the most influen-

tial motivators and regulators of behaviour in people’s

everyday lives (1). A growing body of evidence suggests that

the perception of one’s own ability or self-confidence is a

central mediating construct of achievement strivings and

career development (2–4). However, the development of

expert ability and self-confidence has many influences,

including the deliberate practice of particular tasks and

multiple opportunities to refine skills (5). Conversely, a lack

of self-confidence in task performance has the potential to

impede learning and can negatively influence career success.

Professional placement provides students with a key

opportunity to actively engage in the integration of the-

ory and practice. In Australia, practice-based experiences
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are integrated into the university dietetic curriculum, as

distinct from the internship model, although preparation

for these experiences follows the same principles (6,7). As

a core component of the university program, placement

design should be consistent with the pedagogy of the

entire program (6,8,9). The benefits of placements for stu-

dent learning have been well documented in the health

professional literature (10,11). However, students describe

the experience as personally challenging (12), and report

feeling unsure and anxious about placement, which can

impact negatively on self-confidence (13).

The Dietitians Association of Australia requires students

to complete 20 weeks of professional practice placement
(14), and dietetic programs incorporate this 20 weeks into

the final year of a Bachelor or Master degree credential. At

Griffith University, students undertake three practicum

courses within one semester of their final year, spending

10 weeks in Clinical Practice placement – in the treatment

and coordination of dietetic care for individuals in the

clinical health care setting, 4 weeks in Food Service Man-

agement (FSM) placement and 6 weeks in Community

and Public Health Nutrition (CPHN) placement. In 2014,

the Nutrition and Dietetics teaching team at Griffith

University conducted curriculum redevelopment to better

incorporate preparatory and practical placement experi-

ences into program design and to make it consistent with

the overall pedagogical approach of the degree. This

included a change to the previous single day offering of an

information-focused briefing session to an extended

week-long pre-placement program (PrePW) designed to

re-enforce and enhance knowledge and skills developed

during university based curricula. The changes were based

on a theoretical framework of student success, developed

by drawing on the sociological constructs of structure and

agency (15) (Fig. 1). Structural factors are the recurring

patterns of social interaction relating people through

social institutions and groups (15). Agency reflects our

ability to operate independently to influence our lives and

the wider society (15). The model demonstrates the interac-

tion between environmental and personal factors through-

out the transition from university education to new

graduate practitioner status. The university provides a

structured environment aimed at enhancing perceptions,

knowledge and confidence to undertake practice-based

learning (16,17). However, success in the placement compo-

nent of the curriculum is influenced by student agency,

including attitudinal and behavioural qualities, such as

motivation for learning (12). The aims of the placement

program are for students to be able to demonstrate

National Competency Standards, as well as have a positive

experience that enhances confidence in dietetic practice.

There is a growing body of literature around scholarly

activities within dietetic education14 and the means for

increasing dietetic student preparedness and self-confi-

dence for placement (2,18–20). The purpose of the current

research was to involve students in a cyclic enquiry to

inform timely improvements to curricula. The framework

of choice was design-based research in which development

and research took place to support improvements in task

performance and perceived self-confidence through con-

tinuous cycles of design, enactment, analysis and redesign
(21,22). The process is somewhat similar to action research,

a reflective process of progressive problem solving led by

individuals working in teams or as part of a ‘community

of practice’ to improve the way they address issues and

solve problems (23). The present study aimed to evaluate

the extent to which a week-long PrePW workshop

enhanced student perceptions of self-confidence for com-

mencing professional placement in dietetics in Australia.

Materials and methods

The design-based research process used in the present

study is illustrated in Fig. 2. The first phase was to con-

duct focus group interviews with students completing

professional placements in 2014. The aim was to

STRUCTURAL
(Environmental) 

Factors

AGENCTIC
(Personal) 

Factors

STAGE 1
University

based curricula 
(up to 3 years)

STAGE 2 
Placement 

based curricula 
(22 weeks)

STAGE 3
Graduationand 
Credentialing

Preparatory 
experiences 

Placement 
experiences

Successful Placement = Able 
to meet or exceed National 

Competency Standards

Individual factors
(Personality, behaviour and 

attitudinal qualities)

Positive experience and self 
confidence

Factors 
influencing 

success

Student 
feedback

Student 
feedback

Figure 1 Theoretical framework for practice education relying on the interaction between environmental and personal factors for a successful

transition to graduation as a dietitian from Griffith University.
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retrospectively explore the student experience and needs,

including the effects of student perceptions of preparation

and self-confidence on their placement success. The pro-

cess of analysis for these focus groups has been reported

previously (24). The data were used to inform changes to

the teaching program and further evaluations. Emergent

themes were that students felt they could have been better

prepared for placement by the university prior to com-

mencement, and that professional placement was a signif-

icant challenge to their self-confidence.

PrePW was conducted with four successive cohorts of

final year Nutrition & Dietetic students attending an Aus-

tralian university in January and July of 2015 and in Jan-

uary and June of 2016 (Fig. 2). Attendance at PrePW was

a mandatory requirement for commencing professional

placement by these students. PrePW consisted of multiple

purposive sessions over 5 days. Day 1 provided a general

overview of professional placement, including a series of

presentations and seminars aimed at developing and

enhancing generic placement skills such as communica-

tion, learning styles, conflict resolution and self-reflection.

Information on cultural competency and working in rural

and remote settings was provided. A full day was devoted

to each of the practicum courses, Clinical Practice, FSM

and CPHN, respectively. Sessions were aimed at revising

specific skills and enhancing knowledge and attitudes

required within each of these areas of practice. On FSM

and CPHN days, students were allocated to placement

projects and given time to discuss the project with their

placement peers and supervisors, where available. On the

Clinical Practice day, the peer-assisted learning model

and clinical reasoning were reviewed, with an additional

full day being devoted to hospital-ward simulation to

provide students with practice collecting patient data, tak-

ing a diet history from a patient (actor) and receiving

feedback from clinical educators in a hospital environ-

ment.

A series of process and impact evaluation surveys was

developed by the Academic team, entered into online

mode using LimeSurvey (https://www.limesurvey.org) and

pilot-tested by students and staff to produce final ver-

sions. Questions and methods were based on research by

Brissette et al. (2014)(25) who used online surveys to eval-

uate perceived dietetic graduate preparedness for work;

Volders et al. (2010)(26) who measured dietetic student

perception of learning and satisfaction with teaching

processes; and Earland et al. (2011) (16) who looked at

dietetic student perceptions and experiences of inter-

professional education. Students were invited to complete

surveys at the beginning of the first day of PrePW (Part

A – baseline) and after each of the 5 days (Part B – 2–6).
Information sheets were incorporated into the first page

of each survey. All students attending PrePW were eligible

to participate. Completion of each survey was voluntary

and active participation implied consent. Students were

provided with a link to the online site and were given

time to complete each survey within the teaching sched-

ule. Ethical clearance was obtained from the relevant

committee (Institutional Ref No: AHS/62/14/HREC).

Process evaluation measured perceived usefulness of

PrePW sessions on a five-point Likert scale (1 = not at all

useful; 2 = of little use; 3 = neutral; 4 = very useful;

5 = extremely useful), and open-ended items on each ses-

sion allowed students to provide general feedback and to

make suggestions for improvements. In this way, the

2015 Semester 1 PrePW implementation was process eval-

uated and progressively redeveloped for the 2015 Seme-

ster 2 and 2016 Semester 1 cohorts in accordance with

design-based research principles (21,22). Based on student

feedback, the changes focused on shifting from didactic

to workshop style sessions, including activities that were

practiced by students with their placement partners,

increased time for discussion and feedback, more contact

with site supervisors, and more detailed information on

Data combined

Minor 
changes to 
Program

Major 
Change 
PrePW 
changed 

from 1 day 
to 1 week 

Data combined

Moderate
changes to 
Program

Minor 
changes to 
Program

January 2015

PrePW 
Semester 1

July 2015

PrePW 
Semester 2

January 2016

PrePW 
Semester 1

Part 2
End of 
Generic 

Day

Part 3 
End of 
ICM 
Day 1 

Part 4 
End of 
ICM 
Day 2

Part 6 
End of 
FSM 
Day

Part 1 
Baseline

Part 5
End of 
CPHN 
Day

Survey Series Administered to each cohort

Dec 2014
Focus groups  
Semester 2
2014 cohort

Post 
placement 

Focus 
group 

discussions

June 2016

PrePW 
Semester 2

Figure 2 Phases of design-based research in the implementation and redesign of Pre-Placement Week (PrePW). CPHN, Community and Public

Health Nutrition; ICM, Individual Case Management; FSM, Food Service Management.
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placement expectations and assessment. Hospital-based

ward simulations were reorganised to provide students

with more time to discuss patient cases and to practice

fundamental clinical skills, with more clinical educators

being made available to observe student practice and to

provide feedback. The impact of PrePW was measured at

the start and end of the PrePW program by asking stu-

dents to self-rate their confidence to commence profes-

sional placements overall (in all three areas of practice);

their confidence to commence placement within each of

the areas of practice; and their confidence to perform

placement tasks within each area of practice on a five-

point Likert scale (1 = not confident; 2 = limited confi-

dence; 3 = somewhat confident; 4 = confident; 5 = very

confident).

Data were entered into an EXCEL spreadsheet (Microsoft

Corp., Redmond, WA, USA) and are reported at the

cohort level for 2015 and 2016 as frequency distributions

and the mean (SD). Parametric tests were chosen as the

preferred method for evaluating mean differences in Lik-

ert scale responses (27): paired t-tests compared confi-

dence data at baseline and completion (end of each day);

and independent t-tests compared 2015 and 2016 cohorts.

P < 0.05 was considered statistically significant. Given the

minimal curriculum changes within years, survey data

from Semester 1 and 2 cohorts were combined. This

assumption was found to be justified because there were

no significant differences between confidence results for

the two 2015 cohorts (<0.05). The only significant differ-

ence between the two 2016 cohorts was with confidence

to ‘collect and analyse audit data’ [Semester 1: 3.3 (0.8);

Semester 2: 3.9 (0.5), P = 0.008]. Qualitative student

comments from open-ended items on the survey were

examined to help explain the quantitative results.

Results

Fifty-five students attended PrePW in 2015: 28 in Seme-

ster 1 (Master, n = 9; Bachelor, n = 19) and 27 in Seme-

ster 2 (Master, n = 13; Bachelor, n = 14). Completion of

the evaluation was voluntary. Fifty-two of the 55 eligible

students completed Part A (baseline) survey at the start

of PrePW 2015: 25/28 (Master, n = 7) in Semester 1 and

all 27 (Master, n = 13) students in Semester 2. The num-

bers completing Part B surveys varied at the end of each

day of PrePW: 54/55 completed ICM surveys; 50/55 com-

pleted FSM surveys; 44/55 completed CPHN surveys. In

2016, 44 students (all Bachelor) attended PrePW: 29 in

Semester 1 and 15 in Semester 2; all 44 completed Part A

(baseline) survey; and numbers completing Part B surveys

varied at the end of each day of PrePW 2016: 37/44 com-

pleted the ICM survey, whereas 31/44 completed FSM

and CPHN surveys.

There were no significant differences between 2015 and

2016 cohorts for confidence to commence professional

placements overall (in all areas of practice) at the start of

PrePW (baseline ratings): 2015: 2.9 (0.6) and 2016:

3.0 (0.7). Both cohorts of students reported at baseline

that they were least confident to commence Clinical Prac-

tice placement [2015: 2.5 (0.6) and 2016: 2.8 (0.6)] com-

pared to being at least somewhat confident to commence

placements in the other areas of practice: FSM [2015:

3.2 (0.9) and 2016: 3.1 (0.9)] and CPHN [2015: 3.3 (0.9)

and 2016: 3.2 (0.8)]. Confidence to commence profes-

sional placements was re-rated at the end of PrePW 2016

and was found to be significantly increased compared to

baseline ratings: Clinical Practice [3.4 (0.6)], FSM

[3.7 (0.6)], CPHN [3.8 (0.6)] and professional placements

overall (in all areas) of practise [3.6 (0.6)] (P < 0.05).

Table 1 shows the mean (SD) student self-rated confi-

dence to undertake specific tasks related to each area of

practice at the start (baseline) and end of PrePW activi-

ties in 2015 and 2016. At the end of Clinical Practice

activities in PrePW 2015, student confidence scores

increased for most Clinical tasks with significant differ-

ences from baseline means for two items: ‘perform a

nutrition assessment’ and ‘use a tool to reflect on my per-

formance’ (P < 0.05). Student suggestions for improving

the PrePW program included: ‘Further practice of perform-

ing a (nutrition assessment), possibly on each other’ (Seme-

ster 1, 2015) and ‘I think tutorials with real patient chart

notes where we gather relevant information as a group and

prioritise issues. I feel we had limited practice (in these

tasks)’ (Semester 1, 2015). Mean FSM confidence scores

were significantly improved for all items at the end of the

2015 FSM Day sessions (P < 0.05). Student comment:

‘Very useful having projects to discuss with groups and

begin to plan given the very short time frame of the (Food

Service) placement’ (Semester 2, 2015). Mean CPHN con-

fidence improved in 2015 for all items and was signifi-

cantly different from baseline for the item ‘develop a

program plan for a community’ (P < 0.05). Student com-

ment: ‘Good to get our project and meet with our part-

ner . . . Was nice to meet my supervisor and know what is

expected’ (Semester 1, 2015).

The 2016 cohort was significantly more confident at

baseline than the 2015 cohort in four Clinical tasks: ‘per-

form a nutrition assessment’, ‘manage a geriatric patient’,

‘manage an oncology patient’ and ‘provide lifestyle coun-

selling and intervention’ (P < 0.05). Mean baseline confi-

dence scores for tasks relating to FSM and CPHN in 2016

were similar to those in 2015. At the end of Clinical Prac-

tice activities, the 2016 cohort increased confidence in

most Clinical tasks with significant differences from mean

baseline scores for four items: ‘communicate with

patients’, ‘perform nutrition screening’, ‘perform a
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nutrition assessment’ and ‘perform physical assessment’

(P < 0.05). It is noteworthy that mean scores for three

Clinical tasks reached 4 = confident or above: ‘communi-

cate with patients’, ‘perform nutrition screening’ and

‘take a diet history’. Student comments: ‘It was really ben-

eficial to practice (performing a physical assessment) with

other students (Semester 1, 2016); ‘I really appreciated the

time to practice the (Clinical) process (with an

actor) . . . and to be given the time with supervisors without

being rushed’ (Semester 2, 2016); and ‘Great preparation

and valuable experience to grasp a better idea of what is

expected on (Clinical) placement’ (Semester 2, 2016). At

the end of PrePW 2016, all FSM and CPHN tasks showed

an increase in confidence, with significance being reached

for the FSM items: ‘participate in a food service project

on-site’, ‘communicate and liaise with the health care/

food service teams’ and ‘present/report to key stakehold-

ers’. Student comment: ‘This session was extremely useful.

It allowed me to gain knowledge of what will happen on

my FSM placement and integral information that I was not

aware of was delivered in a great and interesting manner’

(Semester 2, 2016) and ‘I liked hearing from the supervi-

sors and past students. It was informative and very valuable

to my understanding of how to go about (my) CPHN place-

ment’ (Semester 2, 2016).

Figure 3 illustrates the frequency distributions of self-

rated confidence to ‘perform a nutrition assessment’ by

2015 and 2016 cohorts at the start and end of PrePW

across 2 years of implementation.

Discussion

A week of purpose-designed Pre-Placement activities

improved student confidence to commence professional

placements across the three areas of dietetic practice: Clini-

cal, Food Service Management and Community and Public

Table 1 Changes in mean (SD) self-rated student confidence at start and end of Pre-Placement Week (PrePW) for dietetic tasks within the

domains of practice

Sense of confidence for/in:

2015 2016

Start PrePW (A)

Mean(SD)

End PrePW (B)

Mean(SD)

Start PrePW (C)

Mean(SD)

End PrePW (D)

Mean(SD)

Individual Case Management n = 52 n = 54 n = 44 n = 37

Communicate with patients 3.6 (0.8) 3.8 (0.7) 3.6 (0.7) 4.0 (0.7)‡

Perform nutrition screening 3.4 (0.7) 3.5 (0.6) 3.6 (0.6) 3.9 (0.5)†,‡

Perform a nutrition assessment 3.1 (0.7) 3.5 (0.7)* 3.6 (0.5)* 3.8 (0.6)†,‡

Perform a physical assessment 3.0 (0.8) 3.0 (0.8) 3.2 (0.6) 3.7 (0.7)†,‡

Take a diet history 3.8 (0.6) 4.1 (0.8) 4.0 (0.7) 4.2 (0.5)

Access evidence-based guidelines in a

clinical setting

3.3 (0.8) 3.2 (0.9) 3.2 (0.8) 3.4 (0.8)

Conduct an outpatient clinic 2.4 (0.8) 2.6 (1.0) 2.6 (0.7) 2.8 (0.8)

Conduct a gastroenterology clinic 2.0 (0.7) 2.3 (0.9) 2.2 (0.7) 2.3 (0.7)

Manage a geriatric patient 2.4 (0.8) 2.6 (0.9) 2.7 (0.8)* 2.7 (0.7)

Manage an oncology patient 2.4 (0.8) 2.6 (0.8) 2.7 (0.8)* 2.7 (0.8)

Provide lifestyle counselling and intervention 3.1 (0.8) 3.4 (0.8) 3.4 (0.7)* 3.4 (0.6)

Implement enteral feeds 1.9 (0.9) 2.1 (0.8) 2.2 (0.8) 2.1 (0.8)

Use a tool to reflect on my performance 3.3 (0.8) 3.6 (0.7)* 3.5 (0.9) 3.6 (0.7)

Use clinical reasoning to justify my decision-making 3.0 (0.7) 3.1 (0.7) 3.2 (0.8) 3.4 (0.7)

Food Service Management n = 52 n = 50 n = 30 n = 31

Participate in on-site food service project 3.4 (0.9) 3.9 (0.6)* 3.4 (0.9) 3.8 (0.6)‡

Collect and analyse audit data 3.1 (1.0) 3.6 (0.7)* 3.2 (1.0) 3.6 (0.7)

Communicate and liaise with the health

care/food service teams

3.4 (1.0) 3.8 (0.7)* 3.4 (1.0) 4.0 (0.5) ‡

Present/report to key stakeholders 2.9 (1.0) 3.5 (0.8)* 3.0 (0.9) 3.6 (0.7)‡

Community and Public Health Nutrition n = 52 n = 44 n = 30 n = 31

Conduct a community needs assessment 3.0 (0.9) 3.3 (0.8) 3.1 (0.9) 3.2 (0.7)

Develop a program plan for a community 3.0 (0.8) 3.3 (0.8)* 3.2 (1.0) 3.3 (0.6)

Implement a community program 2.9 (0.9) 3.3 (0.9) 3.2 (1.1) 3.2 (0.7)

Evaluate a community program 3.0 (0.9) 3.3 (0.8) 3.2 (1.0) 3.3 (0.6)

*Significantly different from A (P < 0.05).
†Significantly different from B (P < 0.05).
‡Significantly different from C (P < 0.05).

Self confidence ratings: 1 = not confident; 2 = limited; 3 = somewhat confident; 4 = confident; 5 = very confident.
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Health Nutrition. PrePW was designed to assist the transi-

tion from University-based to placement-based Nutrition

& Dietetics curricula (Fig. 1). Enhanced preparedness and

self-confidence can reduce student anxiety and improve

performance in the clinical setting to achieve a successful

transition to graduation.(12) The knowledge and skills

development delivered in Stage 1 of our model was

reinforced and extended to increase student self-rated con-

fidence levels immediately prior to placements. The design-

based research framework improved the program through

a process of cyclic evaluation and redesign. By changing the

curriculum according to feedback, the students become co-

designers of the curriculum in an example of the interac-

tion between agency and structure (Fig. 1). The students

are stakeholders in their own learning and had definite

opinions on how to improve their own confidence. The

changes to PrePW significantly increased self-rated confi-

dence scores on multiple measures, including confidence to

commence two out of the three areas of practice (Clinical

Practice and CPHN) and placement overall (in all areas of

practice). The highest increase in confidence in 2016

related to Clinical placement. This result was unsurprising

given that Clinical Practice was the area with the lowest

confidence rating at baseline for both 2015 and 2016

cohorts, and where the lack of confidence to commence

Clinical Practice placement appeared to contribute nega-

tively to confidence with respect to commencing profes-

sional placements overall at the start of PrePW.

Clinical Practice placement is the practice area that stu-

dents are often most concerned about as a result of it being

the most challenging in terms of skills development and

assessment and it is the area with the highest failure rates.

Consequently, strengthening Clinical Practice knowledge

and skills was the focus of many of the changes to the

PrePW program, as well as changes made to the year of

teaching prior to placement (Stage 1 of the model in Fig. 1)

in 2015. The effect of the latter may have been reflected in

higher baseline confidence ratings reported in 2016 com-

pared to 2015 in relation to several individual Clinical

tasks. For the CPHN area of practice, no changes were

made to the 2015 program of final year teaching relevant to

this placement and so it is unsurprising that the confidence

levels of the 2015 and 2016 student cohorts did not vary.

Pre-Placement Week was able to improve student self-

rated confidence in most individual dietetic tasks across all

areas of practice including several Clinical tasks that scored

‘confident’ or above at program completion with signifi-

cant improvements compared to baseline. It is important

to note that the tasks students reported feeling the most

confident about at the end of PrePW were the focus of ded-

icated activities during PrePW. Although the improve-

ments were evident across most areas of practice, the small

sample size for each cohort likely limited the number of

values reaching statistical significance. Additionally, the

number of survey respondents declined from the start to

the end of PrePW in both 2015 and 2016. Anecdotally, this

was likely a result of students leaving the the day’s session

prior to the final evaluation survey completion for various

reasons, including casual employment and child care obli-

gations. Although the use of parametric tests to analyse

Likert scale responses is somewhat controversial, this type

of evaluation is reported in the literature as being generally

more robust than nonparametric testing and tends to yield

largely unbiased results, even when the assumptions per-

taining to the normal distribution of data are violated
(27,28). It was also considered that mean (SD) results and

parametric testing might be easier to interpret and present

in publication than frequency distributions and nonpara-

metric alternatives. Figure 3 was included to illustrate

changes in frequency distributions, across 2 years of

PrePW implementation.

The present study is a detailed documentation of the

design-based research process as applied to a dietetics

curriculum aimed at preparation for professional place-

ments, which has not been reported previously. Although

the method has wide applicability, the results of the pre-

sent study refer to a single university program that limits

the generalisability of the confidence results. The survey

instrument was purpose-developed for research on our

curriculum and is yet to be tested for validity or reliabil-

ity against placement outcomes. However, it should be

noted that student feedback in the process evaluation

enabled the changes to the program that translated into

meaningful increases in confidence on the impact evalua-

tion. Although the interplay of other factors were

untested, the focus on Clinical Practice activities appears

to have been a major element in increasing confidence to
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Figure 3 Changes in distribution in self-rated confidence by 2015

and 2016 student cohorts to ‘Perform a Nutrition Assessment’ at the

start and end of Pre Placement Week preparation activities.
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commence professional placements overall. These out-

comes might inform similar initiatives for other univer-

sity programs.

Design-based research provides a useful method for

improving student confidence to approach final profes-

sional placements. The next phase of this research will

focus on whether the increase in confidence is reflected in

improved placement outcomes for Nutrition & Dietetic

students.
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Abstract

Background: Evidence exists for an association between accordance with a

Mediterranean diet pattern and slower rates of cognitive decline. However, an

‘Americanised’ version of the Mediterranean diet screener is needed to assess

accordance in the USA. Thus, the Mediterranean Eating Pattern for Americans

(MEPA) tool was developed to assess accordance with a Mediterranean-like

food pattern when time is limited. The present study aimed to determine

whether the MEPA screener captured the key elements of the Mediterranean

diet compared to the more comprehensive food frequency questionnaire (FFQ).

Methods: The study comprised a cross-sectional study in which 70 women

completed both the VioScreenTM FFQ (Viocare, Princeton, NJ, USA) elec-

tronically and the 16-item MEPA screener, either electronically or by tele-

phone, aiming to evaluate the inter-method reliability of the proposed

screener. The convenience sample included patients (n = 49) and healthcare

providers (n = 21) recruited from a tertiary care medical centre.

Results: The overall score from the MEPA screener correlated with corre-

sponding overall MEPA FFQ score (q = 0.365, P = 0.002). Agreement

between screener items and FFQ items was moderate-to-good for berries

(j = 0.47, P < 0.001), nuts (j = 0.42, P < 0.001), fish (j = 0.62, P < 0.001)

and alcohol (j = 0.64, P < 0.001), whereas those for olive oil (j = 0.33,

P = 0.001) and green leafy vegetables (j = 0.36, P = 0.0021) were fair.

Usual intakes of potassium, magnesium, vitamin C, saturated fat, selected

carotenoids, folate and fibre derived from the FFQ varied with MEPA

screener scores in the anticipated directions.

Conclusions: The MEPA screener captures several components of the

Mediterranean style pattern, although further testing of the MEPA screener

is indicated.

Introduction

Different versions of the Mediterranean diet exist in vari-

ous countries, including Greece, Spain and France; how-

ever, these diets do possess commonalities. Historically,

the various cultures of the different Mediterranean coun-

tries have played an important role in determining what

foods individuals in these regions consume. Therefore, this

agricultural society near the sea has traditionally empha-

sised the consumption of fresh fruits and vegetables, fish,

legumes, nuts, whole grains, olive oil and wine (1). More

recently, the Mediterranean diet has gained popularity in

the USA because of its health benefits (2).

Because there is no single definition of a Mediterranean

diet and several Mediterranean diet patterns exist across

the Mediterranean countries, the term ‘Mediterranean-like

diet’ is used in the present study to describe a pattern

incorporating the common features of the Mediterranean

diet pattern (2,3). Although accordance with a Mediter-

ranean diet can be an indicator of health, the ‘gold stan-

dard’ tools used to measure accordance with such a

pattern can be time-consuming to assess in a clinical
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setting. Lengthy food frequency questionnaires (FFQs)

and repeated 24-h recalls are typically used to measure

accordance. Because of time-limited settings for dietary

assessment, several shorter dietary questionnaires have

been developed (4,5).

In a 2002 study by Martinez-Gonzalez et al., (4)

researchers examined Mediterranean diet accordance by

quantifying the risk reduction of a first myocardial infarc-

tion using an eight-item screener. Further revisions

resulted in a nine-item diet screener (6) and, subsequently,

a more comprehensive 14-point Mediterranean Diet

Adherence Screener (MEDAS) (7) to measure accordance

with the Mediterranean diet. Although these studies have

mostly been conducted in the Mediterranean region, few

groups have examined the Mediterranean diet and/or the

use of tools for American population samples.

The Mediterranean Eating Pattern for Americans

(MEPA) tool is a proposed 16-item dietary screener to

assess accordance with the Mediterranean-like diet pattern

developed by our group. The MEPA screener was adapted

from the MEDAS, although it incorporates selected com-

ponents protective for brain health as previously reported

by our group on the basis of FFQ responses of partici-

pants in the Chicago Health and Aging Project and the

Memory and Aging Project, comprising two prospective

cohorts of older adults (8,9) along with additional modifi-

cations (i.e. different target frequencies of olive oil,

greens, chicken and nuts plus the inclusion of a compo-

nent specifying fruits other than berries).

The present study aimed to establish the inter-method

reliability of the screener in an effort to support its use to

assess accordance with this dietary pattern in US adult

women. The inter-method reliability of the proposed

MEPA screener was assessed in relation to a ‘criterion’

method, the VioScreenTM FFQ (Viocare, Princeton, NJ,

USA). Similar to the approach of Schrӧder et al., (5) a FFQ
was selected for comparison to the proposed screener. The

FFQ was considered preferable to repeated 24-h recalls

because it was important to capture the weekly (not daily)

consumption of select foods or food groups. Moreover, at

least three to five 24-h recalls would be needed to estimate

weekly intakes of key food items (e.g. beans, fish, berries)

and, thus, a FFQ would readily capture these frequencies

and reflect lower respondent burden. Thus, the objectives

of the present study were to: (i) describe accordance with

the Mediterranean style diet pattern based on responses

from the MEPA tool (and the FFQ); (ii) evaluate the

inter-method reliability of scores from the MEPA tool

(MEPAscreener) and those based on FFQ responses

(MEPAFFQ); (iii) assess the bias of MEPAscreener scores

against those from the MEPAFFQ; and (iv) evaluate FFQ

nutrient intakes in relation to MEPAscreener score tertiles in

a sample of patients and health professionals.

Materials and methods

Study sample

From July 2014 to April 2015, patients between the ages of

24–79 years were recruited from the Rush Heart Center for

Women (RHCW) at Rush University Medical Center

(RUMC). Women were recruited in-person in the clinic or

by e-mail using a list of patient emails provided by the

physician. Inclusion criteria were: (i) having daily Internet

access; (ii) at least 18 years of age; and (iii) the ability to

read and speak English (because tools were only available

in English at the time of the study). A total of 70 women

completed both the full-length VioScreenTM FFQ followed

by the MEPA screener. The Institutional Review Board at

RUMC approved the study in November, 2013.

Dietary assessment

All eligible participants completed the 156-item Vio-

ScreenTM FFQ (10). This FFQ has been extensively tested

against six 24-h recalls; correlations between nutrients

from the two methods exceeded 0.70 and exhibited mini-

mal bias (maximum difference 9%). In addition to queries

regarding food intakes, there are also questions regarding

height, weight and usual physical activity levels. Criteria to

estimate physical activity levels were provided in the initial

e-mail (i.e. sedentary, low active, active, very active and

extremely active). Nutritional and food group analyses

were based on the Nutrition Data System for Research,

version 44 (Nutrition Coordinating Center, University of

Minnesota). These analyses also include calculation of total

and component Healthy Eating Index or HEI 2010 scores.

The HEI-2010 scores the nutrient densities (per 1000 kcal)

for 11 of 12 key dietary components on a continuous scale

based on the Department of Health and Human Services

2010 Dietary Guidelines for Americans (11).

Within 1 week of completing the FFQ, respondents

were asked to complete the 16-item MEPA screener. The

interval between completion of the FFQ and screener was

designed to be small, so that seasonal changes in food

availability were minimised. Recall of those items com-

mon to the 156-item FFQ and the 16-item screener was

of less concern because the FFQ was completed first. All

participants were asked if they were ‘ever counselled or

educated with a Mediterranean diet plan’; this question

was asked after they completed both FFQ and diet

screener. Responses to the MEPA screener were obtained

by either telephone interview (n = 31) or via a link

(n = 39) to a Research Electronic Data Capture or RED-

Cap (Nashville, TN, USA) survey created by the investiga-

tors. For all components, the participant was queried on

how often the food item or group was consumed. For all

but one component, there were questions addressing how
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many servings were consumed with serving sizes defined.

The full MEPA screener is available upon request.

Scoring the screener and the food frequency

questionnaire

A score of ‘0’ or ‘1’ was assigned to each item on the

MEPA screener based on reported frequencies. A score of

‘1’ for any given item was indicative of Mediterranean-

like diet accordance. One point was given for each of: (i)

≥2 servings of olive oil per day; (ii) ≥7 servings of green

leafy vegetables per week; (iii) ≥2 servings of other vegeta-

bles per day; (iv) ≥2 servings of berries per week; (v) ≥1
serving of other fruit per day; (vi) ≤3 servings of red

meat, hamburger, bacon, or sausage per week; (vii) ≥1
serving of fish per week; (viii) ≤5 servings of chicken per

week; (ix) ≤4 servings of full fat or regular cheese or

cream cheese per week; (x) ≤5 servings of butter or cream

per week; (xi) ≥3 servings of beans per week; (xii) ≥3
servings of whole grains per day; (xiii) ≤4 servings of

commercial sweets, candy bars, pastries, cookies or cakes

per week; (xiv) ≥4 servings of nuts per week; (xv) ≤1
meal at a fast food restaurant per week; and (xvi) >0 or

≤2 servings of alcohol per day for men and >0 or ≤1 serv-

ing of alcohol per day for women. If any condition was

not met, a score of ‘0’ was recorded for that item. The

total MEPAscreener score could range from 0 to 16.

Food intake data reported on the FFQ were grouped

into the 16 dietary components defined by the MEPA

screener (see Supporting information, Table S1). All FFQ

food categories were assessed and categorised into the 16

screener components. Using the same cut-offs as in the

MEPA screener, a score of ‘0’ or ‘1’ was assigned to each

FFQ-derived item, resulting in total MEPAFFQ scores

between 0 and 16. The component MEPAscreener scores and

total MEPAscreener scores were then compared with the

component MEPAFFQ scores and total MEPAFFQ scores.

In addition to creating scores based on foods defined

by the MEPA categories, nutrient intake data reported

from the FFQ were compared with the MEPAscreener

scores. Accordance with a Mediterranean-like diet pattern

would reflect nutrient intakes consistent with a Mediter-

ranean pattern: one high in antioxidant nutrients (includ-

ing b-carotene, folate, vitamin C, lutein and zeaxanthin),

potassium, magnesium and fibre. This assumption was

based on the fact that foods emphasised in a Mediter-

ranean-style diet (e.g. whole grains, vegetables and fruits)

are rich in these nutrients (2,12,13).

Statistical analysis

All statistics were performed using SPSS, version 22.0

(IBM Corp., Armonk, NY, USA). P < 0.05 (a priori) was

considered statistically significant. Additionally, normality

was assessed for all variables by an inspection of his-

tograms and Shapiro–Wilk tests.

Descriptive statistics were used to summarise demo-

graphic variables of respondents based on the tertile

into which the total MEPA score was classified. Total

MEPAscreener scores for the first tertile included those less

than or equal to 7; for the second tertile, scores included

8 through 10; and, for the third tertile, scores greater

than or equal to 11. To determine differences in demo-

graphic variables across MEPA screener tertiles, Kruskal–
Wallis tests were conducted for continuous variables and

chi-squared tests for categorical variables. If the Kruskal–
Wallis test was significant, post-hoc Mann–Whitney

U-tests with Bonferroni correction (P < 0.017) were used

to identify where the differences existed.

Percentage agreement and kappa statistics were calcu-

lated to evaluate agreement between each of the 16 com-

ponents of the MEPA screener with those on the FFQ.

The value of ‘1’ or ‘0’ assigned to the FFQ component

was compared with the ‘1’ or ‘0’ for the MEPA screener

component. For each item, percentage agreement was cal-

culated and significance was based on chi-squared tests.

Kappas less than 0.21 were considered to indicate poor

agreement; those between 0.21 and 0.41, fair agreement;

those between 0.41 and 0.60, moderate agreement; those

between 0.61 and 0.80, good agreement; and those

between 0.81 and 1.00, excellent agreement (5). A Spear-

man rho correlation test between the total MEPA FFQ

score and total MEPA screener score of all individuals

was conducted to assess the concordance of total

scores between the two methods. To determine whether

MEPAscreener scores could be used in place of those from

the full-length FFQ, a Bland–Altman plot was used to

examine the difference, or bias, between the two measure-

ment tools. Limits of agreement (LOA) were set at two

SDs above and below the mean difference.

Finally, as a form of ‘construct’ validity, FFQ food and

nutrient intakes were examined for differences and pat-

terns across MEPAscreener score tertiles. FFQ food servings

and nutrient intakes were compared across tertiles of

MEPA scores using Kruskal–Wallis tests. When Kruskal

Wallis tests were significant, a post-hoc Mann–Whitney

U-test with Bonferroni correction (P < 0.017) was con-

ducted to assess which tertiles differed from one another.

Results

Demographics

A total of 70% of respondents were RHCW patients, 3%

were RHCW health professionals and 27% were regis-

tered dietitians with a median [interquartile range

(IQR)] age of 58 (39–65) years and a body mass index
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of 25.7 (22.5–30.3) kg m2. The majority of respondents

reported the consumption of multivitamins (58.6%) and

were not familiar with the Mediterranean diet (61.4%).

Half of the participants reported a low activity level,

defined as typical daily living activities, in addition to

30–60 min of daily moderate physical activity. Few

demographic characteristics differed across MEPA score

tertiles (Table 1). More women in the middle and upper

MEPA tertiles reported an active lifestyle, whereas a

greater number in the first tertile reported either being

sedentary or low active. Moreover, HEI 2010 scores of

those in the second and third tertiles were significantly

higher than those in the first (P = 0.01), although there

were no differences in HEI scores among those in the

second and third tertiles. There were also fewer partici-

pants educated or counseled on Mediterranean dietary

pattern in the first tertile compared to those in second

and third tertiles (P = 0.003).

Accordance

Overall, MEPAscreener scores ranged from 3 to 14 with a

median (IQR) score of 9 (7–11). MEPAFFQ scores ranged

from 3 to 11 and the median (IQR) score was 7 (6–8).
There was no difference in median (IQR) MEPAFFQ score

for RHCW patients/RHCW health professionals [7 (6–9),
n = 51] and dietitians [7 (6–8), n = 19] (P = 0.42), nor

did MEPAscreener scores for RHCW patients/RHCW

health professionals [9 (7–11), n = 51] differ from those

of dietitians [9 (8–10), n = 19] (P = 0.47).

Accordance with MEPA screener components (or the

number and percentage of individuals who reported con-

suming foods consistent with the Mediterranean pattern

and those assigned a ‘1’ for the component) and those

accordant based on FFQ responses are provided in

Table 2. Both methods captured accordance with certain

foods similarly, including green leafy vegetables, berries

and fish. Other components were not accordant (i.e. fast

food). For all but three components (other vegetables,

other fruit and whole grains), accordance was high with

the MEPA screener compared to the FFQ.

Inter-method reliability

Percentage agreement and kappas between items on the

16-item MEPAscreener and the MEPAFFQ are also provided

in Table 2. Percentage agreement was highest between the

MEPA and FFQ responses for alcohol (85.7%), fish

(84.3%), olive oil (82.9%) and whole grains (81.4%) and

was lowest for fast food (45.7%). MEPA screener ques-

tions regarding other vegetables (j = 0.19), meat

(j = 0.12), chicken (j = 0.13), whole grains (j = �0.10),

pastries (j = 0.19) and fast food (j = �0.01) displayed

poor agreement between MEPA and FFQ responses. The

MEPA screener questions related to olive oil (j = 0.33),

green leafy vegetables (j = 0.36), other fruit (j = 0.25),

cheese (j = 0.21), butter (j = 0.21) and beans (j = 0.29)

displayed fair agreement with those of FFQ responses.

The MEPA screener questions related to berries

(j = 0.47), nuts (j = 0.42), fish (j = 0.62) and alcohol

(j = 0.64) displayed moderate to good agreement

between MEPA and FFQ responses. Overall agreement, or

concordance, between the scores on the MEPAscreener and

the MEPAFFQ was considered fair, with a mean j = 0.27.

There was a positive relationship observed between the

overall MEPAscreener score and MEPAFFQ score (q = 0.365,

P = 0.002). The effect size of this correlation is considered

to be medium (14). A Bland–Altman plot of the difference

Table 1 Participant characteristics according to tertiles of the 16-point Mediterranean Eating Pattern for Americans (MEPA) screener

Demographics

First tertile (n = 23)

Total score ≤ 7

Second tertile (n = 28)

Total score ≥ 8 and ≤10

Third tertile (n = 19)

Total score ≥ 11 P-values

Age (years)* 59.0 (37.0–66.0) 51.5 (33.0–63.2) 59.0 (42.0–66.0) 0.36

Body mass index (kg m�2) 27.5 (24.3–34.2) 25.4 (21.7–27.6) 24.6 (22.3–30.7) 0.06

Physical activity, n (%)

Sedentary 4 (20.0) 2 (6.5) 1 (5.3)

Low active 13 (65) 14 (45.2) 8 (42.1) 0.04

Active to extremely active 3 (15) 15 (48.3) 10 (52.6)

Estimated energy requirement (kcal)* 2062 (1909–2229) 2159 (1999–2338) 2275 (2023–2373) 0.20

Multivitamin users, n (%) 14 (60.9) 18 (64.3) 9 (47.4) 0.49

HEI 2010 score* 68.6 (61.9–73.5)a 75.7 (69.5–82.3)b 77.4 (70.6–80.3)b 0.004

Hypertensive, n (%)* 8 (42.9) 11 (52.4) 12 (70.6) 0.23

Educated or counselled on the Mediterranean diet, n (%) 3 (13.0) 12 (42.9) 12 (63.2) 0.003

Web-based MEPA screener administration (REDCap), n (%) 9 (39.1) 19 (67.9) 11 (57.9) 0.12

HEI 2010, Healthy Eating Index 2010; REDCap, Research Electronic Data Capture.

*Values reflect median and interquartile range.
a,b

Values bearing different lowercase lettered superscripts in the same row are significantly different from each other..
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between MEPAFFQ score and MEPAscreener score against the

mean of the two scores is shown in Fig. 1. The bias or mean

difference between the two tools was �2.5, suggesting that

the MEPA screener over-estimates Mediterranean diet

accordance relative to the FFQ. The upper LOA was 5.0,

whereas the lower LOA was �5.0.

‘Construct’ validation

With respect to nutrients (Table 3), as the MEPAscreener

scores increased from first tertile to the second and third

tertiles, the reported intake of potassium, magnesium,

vitamin C, lutein + zeaxanthin, folate and fibre increased;

Table 2 Accordance with Mediterranean Eating Pattern for Americans (MEPA) components on screener and the food frequency questionnaire

(FFQ) and concurrent validity (% agreement and kappas) between MEPA screener scores and those from the FFQ

MEPA screener item MEPA (%)* FFQ (%)†
% Agreement

(P-value) Kappa (P-value)

1. Olive oil 15 (21.4) 5 (7.1) 82.9 (0.006) 0.33 (0.001)

2. Green leafy vegetables 32 (45.7) 30 (42.9) 68.6 (0.002) 0.36 (0.002)

3. Other vegetables 22 (31.4) 40 (57.1) 57.1 (0.07) 0.19 (0.07)

4. Berries 50 (71.4) 46 (65.7) 77.1 (<0.001) 0.47 (<0.001)

5. Other fruit 34 (48.6) 61 (87.1) 61.4 (0.002) 0.25 (0.002)

6. Meat 47 (67.1) 25 (35.7) 51.4 (0.24) 0.12 (0.24)

7. Fish 52 (74.3) 47 (67.1) 84.3 (<0.001) 0.62 (<0.001)

8. Chicken 56 (80.0) 40 (57.1) 60.0 (0.23) 0.13 (0.23)

9. Cheese 47 (67.1) 38 (54.3) 61.4 (0.08) 0.21 (0.08)

10. Butter/cream 42 (60.0) 27 (38.6) 58.6 (0.06) 0.21 (0.06)

11. Beans 24 (34.3) 9 (12.9) 72.9 (0.006) 0.29 (0.003)

12. Whole grains 6 (8.6) 7 (10.0) 81.4 (1.00) �0.10 (0.39)

13. Pastries 45 (64.3) 32 (45.7) 58.6 (0.09) 0.19 (0.09)

14. Nuts 28 (40.0) 16 (22.9) 74.3 (<0.001) 0.42 (<0.001)

15. Fast food 59 (84.3) 31 (44.3) 45.7 (1.00) �0.01 (0.93)

16. Alcohol 70 (70.0) 53 (75.7) 85.7 (<0.001) 0.64 (<0.001)

FFQ, food frequency questionnaire.

*Number (%) of participants scoring ‘1’ on the MEPA screener component.
†Number (%) of participants scoring ‘1’ on the FFQ component.

Figure 1 Bland–Altman plot of the difference between Mediterranean Eating Pattern for Americans (MEPA) food frequency questionnaire (FFQ)

score and MEPA screener score against the mean of the two scores. The mean difference between the scores was �2.5. The solid line represents

the centred mean difference. The upper limit of agreement (LOA) (dotted lines) was set at 1.96 SDs above the mean at 5.0, whereas the lower

LOA (dotted lines) was set at 1.96 SDs below the mean at �5.0.
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however, this trend was only significant for potassium

(P = 0.003), magnesium (P < 0.0001), vitamin C (P =
0.012), b-carotene (P = 0.007), lutein + zeaxanthin (P <
0.0001), dietary folate equivalents (P = 0.009) and fibre

(P < 0.0001). Saturated fat (as a percentage of energy)

was greater amongst those in the first tertile compared to

higher MEPA scores (P = 0.005). With respect to foods

(data not shown), servings of green leafy vegetables, other

vegetables, berries, other fruit, whole grains, nuts and

alcohol increased across the MEPA tertile distribution of

scores; however, this trend was significant for green leafy

vegetables (P = 0.013).

Discussion

The present study was designed to assess the inter-

method reliability and bias of a newly developed MEPA

screener. Fair concordance between scores of the MEPA

screener and the FFQ was observed, although this was

not as strong as that reported for the MEDAS tool and

the Spanish FFQ (r = 0.52, P < 0.001) (5). Because cor-

relation does not necessarily imply good agreement, this

measure was also determined. Overall mean agreement

between the MEPAscreener components and the

MEPAFFQ components was fair (j = 0.27) and not as

good as that reported for the MEDAS tool and FFQ

(j = 0.43) (5), although it was better than that reported

between the MEDFICTS screener and the Block FFQ

(j = 0.08) (15). Agreement between the MEPA screener

and the VioScreenTM FFQ varied from item to item; the

alcohol and fish components exhibited good agreement

(j = 0.64, and 0.62, respectively). Percentage agreement

between scores also varied, with the two components

having the highest percentage agreement (85.7% and

84.3%, respectively) between the MEPA screener and

FFQ methods.

We found that the MEPA score was positively associ-

ated with healthy nutrient intakes, including carotenoids,

potassium, magnesium, vitamin C, folate and fibre. There

was an inverse relationship between MEPA scores and

saturated fat intake. Fruits and vegetables are major com-

ponents of the Mediterranean diet pattern, and they con-

tain carotenoids, potassium, magnesium, vitamin C and

fibre. Therefore, the positive trend in these nutrients is

expected with Mediterranean diet accordance increase.

No significant differences were observed across tertiles

with regard to monounsaturated fat and polyunsaturated

fat. Although we expected to see a positive trend, the lack

of relationship is most likely related to the fact that a

large proportion of monounsaturated fat is derived from

grain-based desserts if olive oil is not the primary fat

consumed.

Several similarities exist between the report by Schrӧder
et al. (5) in which the validity of the MEDAS tool was

evaluated and the present study. MEDAS was a 14-item

screening tool, whereas the MEPA is a 16-item screener.

Schrӧder et al. (5) reported MEDAS scores of 8.6 (1.9)

[mean (SD)] and an FFQ score of 8.4 (1.7). Similarly, in

Table 3 FFQ nutrient intakes according to tertiles of the 16-point Mediterranean Eating Pattern for Americans (MEPA) screener*

Dietary components or nutrients

First tertile total score

≤7 (n = 23)

Second tertile total score

≥8 and ≤10 (n = 28)

Third tertile total score

≥11 (n = 19) P value†

Energy (kcal) 1678 (1037–2203) 1353 (1211–1816) 1567 (1324–1923) 0.32

Carbohydrate 48.9 (40.5–52.6) 49.4 (40.7–58.9) 48.2 (44.5–52.1) 0.75

Protein 15.8 (13.2–18.4) 17.53 (15.2–18.4) 16.7 (14.7–20.4) 0.25

Total fat 37.1 (34.0–41.5) 31.1 (26.9–38.4) 34.6 (30.4–41.2) 0.056

Saturated fat 11.2 (10.2–13.4)a 8.8 (7.0–11.1)b 9.3 (7.9–11.8) 0.005

Monounsaturated fat 14.2 (12.2–16.2) 12.4 (9.7–16.3) 13.2 (11.2–17.3) 0.33

Polyunsaturated fat 7.5 (6.8–9.5) 7.6 (5.5–8.8) 7.5 (6.1–9.1) 0.56

Cholesterol (mg/1000 kcal) 130.2 (111.3–159.5) 123.4 (85.1–198.6) 118.3 (90.6–136.7) 0.44

b-carotene (lg/1000 kcal) 1749 (1212–5149)a 4325 (3453–6973)b 4184 (2437–6999)b 0.007

Potassium (mg/1000 kcal) 1463 (1304– 1825)a 1948 (1679– 2261)b 1822 (1658– 2274)b 0.001

Magnesium (mg/1000 kcal) 160.6 (137.3– 175.6)a 205.3 (188.5– 229.9)b 216.8 (183.6– 245.7)b <0.0001

Folate dietary equivalents (lg/1000 kcal) 226.3 (200.1– 261.9)a 282.9 (240.9– 384.6)b 279.8 (239.9– 328.4)b 0.009

Vitamin C (mg/1000 kcal) 57.5 (45.1– 77.7)a 82.0 (62.6– 115.43) 112.7 (68.3– 137.7)b 0.002

Lutein + Zeaxanthin (lg/1000 kcal) 1303 (856– 1812)a 2919 (1652– 5079) 4226 (1721– 7049)b <0.0001

Fibre (g/1000 kcal) 10.7 (8.9– 12.0)a 14.9 (11.9– 17.5)b 14.5 (12.1– 17.3)b <0.0001

Omega-3 fatty acids (g/1000 kcal) 0.98 (0.82– 1.17) 0.88 (0.74– 1.11) 0.88 (0.65–1.16) 0.48

FFQ, food frequency questionnaire.

*Dietary components presented as a percentage of energy unless otherwise indicated; data presented as the median (IQR).
†Differences across tertiles were assessed by Kruskal–Wallis tests, significant p values are bold-faced in the last column and Bonferroni-adjusted

Mann–Whitney post-hoc comparisons. Different superscript lowercase letters indicate statistical differences (P < 0.017).
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the present study, our MEPAscreener scores [9 (7–11)]
[median (IQR)] were greater than those based on the

FFQ [7 (6–8)]. Schrӧder et al. (5) reported a higher corre-

lation coefficient (r = 0.52, P < 0.001), intraclass correla-

tion (ICC) (ICC = 0.51, P < 0.001) and a higher mean

kappa (j = 0.43) than those values reported in the pre-

sent study (r = 0.395, P = 0.001; ICC = 0.38, P = 0.001;

j = 0.27), respectively. On the other hand, their group

also reported wider limits of agreement than those

reported in the present study (57–153% and 59–120%,

respectively).

Because the MEDAS was the screener on which the

MEPA screener was derived, several items/components

were identical. For example, both screeners ask questions

regarding olive oil, vegetable, fruit, red meat, fish, butter/

cream, beans, pastries, nuts and wine/alcohol intake. The

MEDAS screener included a frequency question on sugar-

sweetened beverage intake and a preference question

related to intake of chicken, turkey or rabbit over the

intake of beef, pork, hamburgers or sausages; no such

questions are included in the MEPA screener. The MEPA

screener differentiated between the intake of berries versus

those of other fruits and the intake of green, leafy vegeta-

bles versus those of other vegetables; no such components

are found on the MEDAS screener. [Berries constitute a

component apart from other fruits in MEPA because of

the preliminary evidence for a protective cognitive impact

observed in animal studies (16) and at least one cohort

study (17)]. In addition, the MEPA screener has a compo-

nent for fast food intake. Kappas reported by Schr€oder

et al. (5) are higher for all the common components, with

the exception of fish and nuts. For the fish item, we report

a kappa of 0.62, whereas Schrӧder et al. (5) reported a

kappa of 0.51. Additionally, the kappa reported for nuts

in the present study is slightly higher than that reported

by Schrӧder et al. (5) (j = 0.42 and j = 0.33, respec-

tively). The lower kappas for the present effort may be a

result of how each screener was developed. The MEDAS

FFQ was designed specifically to assess the Mediterranean

diet pattern of Spanish participants in the Prevenci�on

Dieta Mediterr�anea (PREDIMED) study before the inter-

vention; similarly, the MEDAS screener was developed by

the same researchers. By contrast, the VioscreenTM FFQ

used in the present study was not designed specifically to

assess accordance with a Mediterranean pattern; thus,

some food items did not directly correspond to those in

the MEPA screener.

The limitations of the present study include the changes

in MEPA screener administration (by telephone interview,

then self-administered electronically) during data collec-

tion. The MEPA screener was originally designed to be

administered via telephone. In an effort to allow partici-

pants more flexibility, this screener was adapted to the elec-

tronic REDCap version. Another limitation is that the

findings from the present study may be generalised to adult

women only and the sample size was small (n = 70). It is

critical that the FFQ instrument contain items that are

directly parallel to those on the MEPA screener. For exam-

ple, the VioscreenTM FFQ had a question that addressed the

intake of olive oil and the MEPA screener also asked about

olive oil intake. However, in future versions of this

screener, if participants were asked about extra virgin olive

oil intake, a new FFQ question related to extra virgin olive

oil would be necessary. Additional validity testing using the

more open-ended 24-h diet recall may be performed,

although several 24-h recalls over a long time interval will

be needed to capture less frequently (not daily) food items;

this was the value afforded by the FFQ. Comparison with

nutrient and/or food biomarkers would be another impor-

tant way to ascertain the measurement characteristics of

the proposed screener.

In conclusion, further testing of the MEPA screener is

indicated to determine whether it is a valid tool for

assessing accordance with this Americanised Mediter-

ranean diet pattern. Additional validation studies in more

diverse samples using either the FFQ, repeated 24-h diet

recalls and food biomarkers are warranted.
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Abstract

Background: Observational studies suggest a potentially protective role of

the Mediterranean diet (MD) in allergic diseases, including asthma. Large

scale randomised controlled trials (RCTs) are needed to test the hypothe-

sised allergy-prevention benefits of a MD during pregnancy. The present

two-arm pilot RCT in pregnant women at high-risk of having a child who

would develop allergic disease investigated maternal recruitment, retention

and acceptability of an MD dietary intervention in the UK. The trial also

assessed the effect of the intervention on MD adherence scores at 12 and at

24 weeks post-randomisation.

Methods: Thirty women were recruited at around 12 weeks of gestation.

Retention was high (28 out of 30; 93%). The intervention was acceptable to

participants. Mean (SD) adherence to the MD at baseline was 12.4 (2.9) in

the intervention arm (n = 14) and 13.0 (1.9) in the control arm (n = 16),

where 24 represents maximal adherence. There was a favourable short-term

change in MD score: the adjusted mean difference (intervention – control)

in the change in MD score from baseline to 12 weeks post-randomisation

was 2.4 (95% confidence interval = 0.6–4.2, P = 0.012).

Conclusions: The trial provides important insights into recruitment, reten-

tion and sustaining the dietary intervention, which will be used in the

design of a large RCT.

Introduction

Given the increasing evidence to suggest that prenatal and

early life exposures affect the development of allergy and

asthma, there is considerable interest in the possible role

of diet during pregnancy and early life. The prevalence of

immunoglobulin-E (IgE)-mediated organ-specific allergic

diseases such as atopic eczema/dermatitis, allergic rhino-

conjunctivitis and asthma, as well as of systemic allergic

disorders such as food allergy and anaphylaxis, is increas-

ing (1–3). Asthma is one of the most common noncommu-

nicable diseases, estimated to affect around 235–300
million people, especially in high-income countries (4,5). In

the UK, allergy and asthma are highly prevalent and are

responsible for considerable morbidity, healthcare utilisa-

tion and cost to the National Health Service (NHS) (6–8).

Maternal diet during pregnancy could hypothetically

modulate the development of allergy and asthma by
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influencing airway and/or immune development of the

foetus (9). Associations between aspects of maternal diet

during pregnancy and childhood allergic outcomes have

been reported in birth cohort studies (10), as well as in a

cohort study that evaluated maternal dietary intake [i.e.

Mediterranean diet (MD) adherence] with follow-up of

the children who were born (11).

The MD is a cultural, healthy-eating model charac-

terised by the abundant intake of fruits and vegetables;

other plant foods such as legumes, nuts, seeds and

olive oil; fish; and a low intake of red and processed

meats, along with the consumption of wine at meals.

Evidence-based health applications of the MD have

been described. (12)

In an examination of associations between food and

nutrient intake by pregnant women and children and the

risk of children developing allergy and asthma (13), vita-

mins A, D and E, zinc, fruit and vegetables, and the MD

were found to have potentially substantial protective

roles. Of these, vitamins D (14) and possibly others are

under investigation.

Investigating dietary patterns represents a more com-

plex approach to food and nutrient consumption com-

pared to the study of single-item consumption (15). It

allows for synergy between individual items that might

foster favourable changes in biological mechanisms, such

as oxidative stress and inflammation, which are involved

in allergy and asthma.

A review by Nurmatov et al. (13) included five, observa-

tional studies of the MD, of which the study by Chatzi

et al. (11) was considered to be the highest quality, with

only a ‘moderate’ risk of bias. It was suggested that a high

MD score during pregnancy was protective for persistent

wheeze [odds ratio (OR) = 0.22; 95% confidence interval

(CI) = 0.08–0.58], atopic wheeze (OR = 0.30; 95%

CI = 0.10–0.90) and atopy (OR = 0.55; 95% CI = 0.31–
0.97) at age 6.5 years.

The MD could offer an effective primary prevention

strategy that needs to be investigated through formal

experimental studies; however, there are currently no ran-

domised controlled trials (RCTs) testing the hypothesis

that enhancing MD adherence in the mother will decrease

the risk of allergic disease in children (16). Therefore,

there is a need for a well-designed, adequately powered

RCT investigating the potential protective effects of the

MD on the risk of developing allergy and asthma. We

report a pilot RCT investigating rates of maternal recruit-

ment and retention in the control and intervention arms,

and assessing the acceptability of dietary MD advice and

dietary MD modifications in the intervention arm.

Additionally, we aimed to estimate the effect of the

intervention on MD score at 12 and 24 weeks

post-randomisation, and we sought to measure any

changes in urinary biomarkers of antioxidant capacity,

oxidative stress and whole-body nitric oxide production.

Materials and methods

Ethical approval and trial registration

The trial was carried out in accordance with the guideli-

nes laid down in the Declaration of Helsinki and received

a favourable ethical opinion from the NHS Lothian South

East Scotland Research Ethics Committee 03 (REC refer-

ence 12/SS/0052) and management approval from the

NHS Lothian Research and Development (project no.

2012/SJ/DN/01). Written informed consent was obtained

from all participants. The trial was registered at Clin-

cialTrials.gov (registration no. NCT01634516; Protocol

registration receipt date 07/03/2012).

Trial design

We carried out a two-arm pilot parallel group RCT. To

follow good practice (17), a study protocol manuscript

was submitted prior to completion of participant recruit-

ment and a detailed protocol has been published (16).

Two maternity service sites were used, with dating scan

appointment rates of approximately 100 per month. Eligi-

ble participants were randomised to receive either diet

advice and support, with a supporting MD resource

booklet, in addition to standard care (the intervention

arm), or standard care with no additional advice dietary

advice or support or materials (the control arm). Enrol-

ment was for a period of approximately 6 months (i.e.

from 12 to 36 weeks of pregnancy.

Recruitment

Inclusion and exclusion criteria have been described pre-

viously (16).One hospital and one community treatment

centre was used to enrol women into the study when

they attended for their dating scan. Women had

responded to the invitation sent out with their dating

scan appointment, contacted the researcher, and were

eligible for the pilot study (i.e. at high allergy/asthma

risk for the foetus) based on a positive answer to the

question ‘Do you (the mother), or the father, or sibling

of the baby, have an allergic disease: eczema, a food

allergy, hay fever, or asthma?’ Baseline data collection

was by Food Frequency questionnaire (FFQ), baseline

MD questionnaire and urine specimens obtained in 100-

mL sample containers, refrigerated, and stored frozen at

�80 °C in 2-mL aliquots within 12–24 h for subsequent

analysis.

605ª 2017 The British Dietetic Association Ltd.

D. A. Sewell et al. Mediterranean diet intervention and allergy



Randomisation and intervention

Participating women were randomised 1 : 1 to the inter-

vention or control arm. Allocation was stratified by site,

using pre-randomised sealed envelopes prepared by an

independent statistician.

Intervention

The intervention and the intervention arm protocol have

been described previously (16). The intervention took

place at the dating scan clinic, after the scan and when

the pregnancy was confirmed viable and healthy. It com-

prised a single 15-min structured dietary advice session

encouraging the consumption of foods consistent with

the MD, developed with a hospital dietitian and adminis-

tered face-to-face by a researcher (VSH or DAS) or dieti-

tian using an agreed protocol and a booklet for

consistency. The booklet contained text and pictures, with

ideas for modifying the diet such as eating more fruit and

vegetables, using olive oil and eating more fish. No energy

restrictions were suggested, and a target of at least five

portions of fruit and vegetables per day was emphasised.

Participants’ use of supplements (e.g. folic acid, vitamin

D) was recorded. The researcher/dietician also discussed

ideas for participants to reach the goals of eating more

fruit, vegetables and fish in the context of their current

portion consumption. The use of olive oil for cooking

and dressings was encouraged, and a shopping voucher

given (£10) at baseline and 12 weeks post-baseline, rec-

ommended for purchasing olive oil.

The initial intervention session was followed by sup-

portive telephone calls to the women by the researcher or

dietitian at 4, 8 and 18 weeks post-randomisation for the

personalised MD goals to be reviewed and modified (e.g.

increase fruit and/or vegetable target).

Control arm

Control arm participants followed the same protocol as

the Intervention arm, except they did not receive the

structured dietary advice session or supportive follow-up

telephone calls. Control arm participants, similar to inter-

vention arm participants, also received supermarket

vouchers, although without any accompanying advice

about how to spend them.

Measuring Mediterranean diet score

The MD score (possible range 0–24) was measured by the

MD questionnaire pre-randomisation (around 12 weeks

of pregnancy) and at 12 and 24 weeks post-randomisa-

tion (16). The number of times participants consumed

particular food groups in the previous week was classified

into never, one or two times, or three or more times. For

beneficial components (e.g. vegetables, legumes, fruits,

cereals, fish), the frequency scoring was higher than for

components considered less beneficial (meat, fast food,

confectionery). Because this trial involved pregnant

women, we assumed dairy products to be protective (in-

creased need for calcium) and we did not include alcohol

consumption in the score (11).

Biomarker analysis

Stored urine samples were analysed at the end of the trial,

such that batch and participant paired-sample analyses

could be carried out. Levels of the stable metabolic prod-

ucts of nitrous oxide (NO), nitrite/nitrate (NOx�) (mark-

ers of whole-body NO production and nitrate intake),

ferric reducing antioxidant potential (FRAP; a measure of

total antioxidant activity) and urinary 8-hydroxy-20-deox-
yguanosine (8-OHgG; a marker of oxidative DNA dam-

age and oxidative stress) were determined. Urinary

biomarker sample values are expressed per lmol crea-

tinine (Crn). Urinary Crn was measured using high-per-

formance liquid chromatography based on Dunnett

et al.(18). Sample Crn values were determined from peak

height by reference to a Crn standard curve.

The stable breakdown products of nitrous oxide (NO),

nitrite (�NO2) and nitrate (�NO3) were measured using a

colorimetric assay kit (catalogue no. K023-H1; Arbor

Assays, Ann Arbor, MI, USA). Samples were prepared by

filtering through a molecular weight cut-off filter (Spin-X

UF 500, catalogue no. 431478; Corning Inc, Corning, NY,

USA) in accordance with the manufacturer’s instructions.

Samples were diluted 1 : 10 with assay buffer and 50 lL
was analysed in duplicate. ‘Total NO’ determination was

preceded by �NO2 determination, with both using a wave-

length of 548 nm. Sample �NO3 concentrations were

obtained by subtracting the �NO2 concentration from the

‘Total NO’ concentration. Sample values were expressed

per lmol creatinine (Crn). The between assay coefficient of

variation (CV) was 3.3% (mean 206 lmol �NO3; n = 5).

The antioxidant potential of urine was determined

using a colorimetric FRAP method that estimates the

reduction of ferric tripyridyl triazine [Fe(III) TPTZ] com-

plex to ferrous form, based on Benzie and Strain (19). The

change in absorbance is directly related to the combined

or ‘total’ reducing power of the electron donating antiox-

idants present in the reaction mixture. Iron (II) sulphate

was used to construct a standard curve. Samples were

diluted 1 : 20 (or repeated at 1 : 40 if out of range) with

distilled water. Samples were measured in duplicate and

the results expressed as lmol Fe(II)/lmol Crn. The

within-assay CV was 1.1% [mean 255.8 lmol Fe(II);

n = 10].
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Urinary 8-OHdG was determined using an in vitro

enzyme-linked immunosorbent assay kit (catalogue no.

KOG-200S/E; JaICA, Shizuoka, Japan). Urine samples

were thawed shortly before analysis and centrifuged at

4000 g for 10 min. Fifty microlitres of clear, undiluted

urine was analysed in triplicate in accordance with the

manufacturer’s instructions. Urine sample values (ng

mL�1) were extrapolated from a standard curve generated

for each assay, and expressed per lmol creatinine (Crn).

Within assay precision was assured by constructing a

standard curve for each batch of participant paired (base-

line/end of study) samples analysed and the CV was 9.3%

(mean 8.86 ng mL�1; n = 10).

Between-assay precision for the all of the biomarkers

was monitored using a freshly thawed aliquot of urine

stored at �80 °C for quality control purposes.

Nutrient intake estimation

The Scottish Collaborative Group FFQ (v6.6), a self-

administered, 169-item FFQ, was used to estimate nutri-

ent intake and to compare the intervention and control

arms. (20)

Health economic data

We recorded health economic data to assess the feasibility

of pilot procedures for reporting intervention costs.

Qualitative evaluation of the trial

A sample of participants were contacted by telephone at

the end of the trial period for a recorded semi-struc-

tured telephone interview by a researcher who had not

been involved in meeting the participants. These aimed

to evaluate the process of the pilot trial from the per-

spective of participants (i.e. to explore views regarding

the acceptability of the intervention, any concerns, and

any suggestions for improving the trial procedures). The

interview structure was developed by the Project Man-

agement Team, particularly the psychologist (AR) and

one of the clinical triallists (AW).

Statistical analysis

Data analysis using SPSS, version 22 (IBM Corp., Armonk,

NY, USA) was initially carried out blind to the allocation

arm. Data related to participant characteristics, MD score

and biomarker values are presented as the mean (SD).

The statistical analysis plan (descriptive analysis, recruit-

ment and retention and MD score) has been described

previously (16).

Measurement of potential confounders

Data relating to potential confounders were collected:

eczema, food allergy, allergic rhino-conjunctivitis and

asthma in the mother, father and siblings, as reported by

the participant; exposure to smoking during pregnancy

(by the mother, partner, or in the household); mothers’

dietary pattern; folic acid and vitamin D supplementa-

tion; maternal education; maternal and paternal employ-

ment; body mass at booking-in and at end of trial; baby’s

birth weight and sex. Given the small sample size of this

pilot trial, it was not possible to adjust for these con-

founders in the analysis.

Qualitative data analysis

Telephone interviews were transcribed verbatim and were

analysed for key emerging themes, using a thematic con-

tent analysis(21).

Results

Recruitment and retention

Details of the trial were sent to 848 pregnant women, of

whom we anticipated that 25% were likely to have been

eligible. Thirty-one women responded to the invitation

and met the eligibility criteria (3.7%) (Fig. 1). Of these,

30 (11 nulliparous) were recruited into the trial between

June and December 2012, at a gestational age of around

12 weeks. Twenty-eight (93%) participants completed the

trial. Both participants who withdrew were in the inter-

vention arm. No reason was offered for their withdrawal.

Participant and eligibility characteristics

All women required only routine low risk antenatal care.

The mean (SD) age of participants in each arm was:

Intervention arm 32.2 (5.2) years, range 17–38 years

(n = 14); Control arm 33.9 (4.2) years, range 27–39 years

(n = 16). Socio-demographic characteristics of the

women were recorded. Most had none or one child, did

not smoke, were employed and had a high educational

attainment. Eligibility qualifying criteria are shown in

Table 1.

Change in Mediterranean diet score

Baseline MD score was around 50–55% of the potential

maximum (Table 2). The adjusted mean difference

(Intervention – Control) in the change in MD score from

baseline to 12 weeks was 2.4 (95% CI = 0.6–4.2,
P = 0.012) and, from baseline to 24 weeks, was 1.4 (95%

CI = �0.4 to 3.3, P = 0.13).
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Biomarker analysis

No nitrite (�NO2) was detected in any of the samples, as

would be expected in urine from healthy participants.

There was no significant difference in urinary nitrate

(�NO3) between baseline and 24 weeks post-randomisa-

tion (Table 3) in either the Intervention or Control arm

(P = 0.172 and P = 0.069, respectively). The adjusted

mean difference (Intervention – Control) in the change

in urinary �NO3 from baseline to 24 weeks was not sig-

nificant (0.011 lmol/lmol Crn; 95% CI = �0.017 to

0.039, P = 0.431).

There were no adjusted mean differences (Interven-

tion – Control) in urinary FRAP [0.086 lmol Fe(II)/lmol

Sent invitation to participate
(n = 848)

Excluded  
Did not respond (n = 817)
Nonviable pregnancy (n = 1)

Par�cipants included in analysis n = 12

Lost to follow up: n = 2
2 par�cipants withdrew 12 weeks post-
randomisa�on

Allocated to interven�on n = 14

Received allocated interven�on n = 14 

Lost to follow up: n = 0

Allocated to control n = 16

Par�cipants included in analysis n = 16

Allocation

Analysis

Follow-up

Responded, screened 
and randomized (n = 30)

Enrolment

Figure 1 CONSORT Trial Flow diagram. Pregnant women were sent an invitation (by mail) to take part in the trial, along with their dating scan

appointment confirmation and other pregnancy information.

Table 1 Eligibility qualifying criteria of recruited participants (n = 30)

based on the question ‘Do you (the mother), or the father, or sibling

of the baby, have an allergic disease: eczema, a food allergy, hay

fever or asthma?’

Eligibility of one of eczema, food

allergy, allergic rhinitis/hayfever or asthma n

Mother only 7

Father only 6

Sibling only 3

Mother and father 5

Mother and sibling 3

Father and sibling 2

Mother, father and sibling 4
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Crn; 95% CI = �0.199 to 0.371, P = 0.539] or in uri-

nary 8-OHdG (0.092 ng 8-OHdG/lmol Crn; 95%

CI = �0.199 to 0.384, P = 0.519).

Estimation of nutrient intake

Based on FFQ completion, mean (SD) total energy intake

was 11.1 (3.2) MJ at baseline (range 5.3–19.6 MJ) and

11.1 (3.3) MJ at 24 weeks post-randomisation (range

6.4–19.6 MJ). Saturated fatty acid intake was unchanged

in the both Intervention and Control arms from baseline

to 24 weeks, as was monounsaturated and polyunsatu-

rated fatty acid intake. Mean (SD) vitamin C intake in

the Intervention arm at baseline was 158.3 (75.6) mg

compared to 24 weeks post-randomisation

193.8 (68.6) mg (P = 0.051); however, the adjusted mean

difference (Intervention – Control) in the change in esti-

mated vitamin C intake from baseline to 24 weeks was

25.9 mg (95% CI = �14.3 to 66.0, P = 0.195). There

were no significant differences in the estimated intake of

vitamins A, D or E between arms or significant changes

from baseline to 24 weeks post-intervention in either

arm.

Health economic data

The mean (SD) time taken to deliver the intervention was

18.3 (6.1) min (range 10–35 min). Telephone calls to

intervention arm participants at 4, 8 and 18 weeks post-

enrolment had a mean (SD) duration (range) of 6.3 (2.3)

(3–11), 5.4 (1.7) (3–8) and 6.0 (2.8) (4–14) min, respec-

tively. The mean (SD) total duration of telephone calls

per participant was 16.3 (4.3) min.

Pregnancy outcomes

Mean (SD) weight gain from baseline (approximately

12 weeks of pregnancy) to 36 weeks of pregnancy was

11.6 (4.1) kg (range 5–19 kg) in the intervention arm

(n = 11) and 11.3 (4.0) kg (range 3–18 kg) in the control

arm (n = 14). All participants successfully delivered and

all were single births. There were eight females and four

males born to the intervention arm participants, and nine

females and seven males born to the control arm partici-

pants. Birth weights were 3.57 (0.54) kg and

3.61 (0.32) kg in the Intervention and Control arms,

respectively.

Qualitative evaluation of the trial

Thirteen participants (intervention arm, n = 9) were

interviewed by telephone at the end of the trial. The

interviews lasted 10–30 min and were audio-recorded.

Participants considered themselves already to have been

somewhat aware of healthy eating, and taking part in the

pilot trial had increased the awareness of diet in preg-

nancy for both intervention and control participants.

Having a child, partner or other family member with

allergy or asthma was the primary motivation for partici-

pating. Interviewees reported no disadvantages with

Table 2 Mediterranean diet scores expressed as the mean (SD)

Baseline 12 weeks 24 weeks

Intervention 12.4 (2.9); n = 14 *15.7 (3.0); n = 10† 14.8 (3.0); n = 12

Control 13.0 (1.9); n = 16 13.6 (2.6); n = 16 13.4 (1.9); n = 15

*Indicates a significant increase in the adjusted mean difference (Intervention – Control) compared to baseline (P = 0.012).
†Two Intervention participants who completed the trial did not return the Mediterranean diet questionnaire at 12 weeks.

The maximum score obtainable for this current trial was 24, and included/excluded food categories appropriate in pregnancy.

Table 3 Mean (SD) values of urinary biomarkers assessed in all samples obtained at baseline and 24 weeks post-intervention

Biomarker

Baseline 24 weeks post-intervention

Intervention

(n = 13) Control (n = 15)

Intervention

(n = 12) Control (n = 15)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Nitrate (lM/lM Crn) 0.052 (0.018) 0.083 (0.045) 0.071 (0.037) 0.068 (0.027)

FRAP (lM Fe(II)/lM Crn) 1.050 (0.243) 1.110 (0.428) 1.310 (0.403) 1.280 (0.334)

8-OHdG (ng/lM Crn) 0.978 (0.408) 0.964 (0.475) 0.977 (0.404) 0.876 (0.373)

Crn (mmol L�1) 8.9 (5.3) 7.6 (4.3) 10.1 (6.3) 9.0 (5.1)

Crn, creatinine; FRAP, ferric reducing antioxidant potential; 8-OHdG, 8-deoxyguanosine.

n indicates the number of samples collected in each arm at each time point.
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respect to joining the trial, although some suggested that

real or perceived additional costs for shopping for a MD

could be a disadvantage for other women.

The intervention was highly acceptable to interviewees.

The personal and flexible contact with the trial researcher

and especially the follow-up support calls were appreci-

ated by interviewed participants (e.g. an opportunity to

ask minor questions, to be motivated and to be reminded

about returning trial questionnaires). Some expressed

concerns about the accuracy of retrospectively reporting

diet in the FFQ; suggestions included advising partici-

pants to keep a brief weekly food record to support later

completion of the questionnaire, considering intermittent,

short periods of keeping a full food diary as part of the

trial process, and introducing a mobile app for partici-

pants to record diet information in real time. Suggestions

for improving the MD booklet were to include a wider

range of recipes in the booklet itself or to give access to a

webpage where further recipes, as well links to more

detailed information on diet, allergy, asthma and related

research, would be easily available for anyone interested

in finding out more.

The role of midwives in the lives of pregnant women

was highlighted by interviewees, who could be used to

enhance trial recruitment. Interviewees suggested that the

midwife could give potential recruits trial information

personally during their initial meetings, although recruit-

ment should be later, when women had had time to dis-

cuss the study with other household members and to

pass any first trimester ‘morning sickness’. Interviewees

reported that recruitment should be proactive to avoid

women having to take the initiative to contact the

research team at a time they were likely to be feeling tired

and forgetful, even if they were interested and willing to

enrol in research. Other suggestions to enhance enrol-

ment included more use of information technology (IT)

to publicise the trial through existing, popular social net-

works (e.g. Mumsnet). Some interviewees also suggested

‘snowballing’ from recruited participants who could use

their personal networks of parents to spread information

about the research.

Discussion

The present pilot trial demonstrated the feasibility of

retaining a group of pregnant women over a period of

24 weeks and demonstrated an increase in MD score after

12 weeks of the intervention compared to the control.

Such an increase, if equating to a move from a low-qual-

ity maternal MD score into a higher range, may poten-

tially be protective for wheeze and atopy in the children

born, as was suggested by the cohort study of Chatzi

et al. (11). Our trial intervention apparently encouraged

an increased intake of fruit and vegetables, potentially

increasing the intake of the antioxidant vitamins C and E;

however, analysis of the FFQ data did not reveal any sig-

nificant difference. It can be hypothesised that an

increased fruit and vegetable intake would result in the

urinary excretion of a water-soluble, antioxidant vitamin

such as vitamin C, although we did not see indication of

an increase in urinary FRAP in the intervention arm.

Fruit and vegetables, particularly vegetables, are a major

source of dietary nitrate (22); however, there was no

adjusted mean difference between trial arms of urinary

nitrate. A small sample size and therefore a lack of statis-

tical power is likely to be a limitation to the biomarker

analysis. In this pilot trial, we were also able to collect

health economic and pregnancy outcome data that is nec-

essary to inform a larger trial where health economic

analysis is intended and confounding variables need to be

adjusted for.

The present pilot trial, comprising an intervention

aimed at increasing adherence to an unrestricted MD in

pregnant women, is a prerequisite for informing the

design of a large-scale trial to test the hypothesis that

greater adherence to a MD during pregnancy will reduce

the risk of allergy in children. The available epidemiologi-

cal evidence is supportive of a link between the MD and

the prevention of allergic disease (13); however, this is

only testable in a large-scale primary prevention RCT

with follow-up of the infants for several years.

Our pilot trial provided the opportunity to model the

potential intervention and to refine its practicality (e.g.

recruitment, retention, sample size determinants). Having

considered the range of options for recruitment, we chose

a dating scan clinic recruitment strategy that is feasible

and cost-effective and has the potential for future scaling-

up. We were able to recruit and retain a small sample of

women at high-risk of their children developing allergic

disease. Recruitment, however, was slower than antici-

pated. The recruitment period was extended, although it

was also limited by the funding opportunity (maximum

project duration of 12 months). We recruited through a

centralised NHS booking system operated from the major

hospital in the region, meaning that the number of invi-

tees was high in proportion to the number that were eli-

gible and might respond to such an invitation. Prior to

the trial, we estimated that around 800 invitations to par-

ticipate would be sent and that one-quarter (n = 200)

would fulfil the eligibility criteria (16), based on the epi-

demiology of allergic disorders in Scotland, systematic

reviews of primary prevention trials (23,24) and a dietary

intervention trial in pregnant women (25). From our dis-

cussions with consumer representatives that informed the

trial, we anticipated that around 50 eligible women would

be willing to take part, and, after some participant and
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data attrition, we anticipated that 40 participants would

complete the study. Although our maternal recruitment

rate was lower than anticipated, the retention rate of par-

ticipants into the study was higher than envisaged. Any

future recruitment strategy should include prior engage-

ment with community midwives in an attempt to have

them introduce the possibility of taking part in the study

at an earlier stage, aiming to increase the contemplative

phase of participation. Furthermore, engagement with

Children and Family Centres and other organisations with

a role in improving maternal nutrition, through national

frameworks (e.g. The Scottish Government) (26) and a

greater use of IT social networks could also be utilised to

disseminate trial information and prepare potential par-

ticipants for a letter of invitation. These wider strategies

should also help to address any lack of diversity in partic-

ipant characteristics: the sample recruited for this trial

was largely well-educated and employed, and older than

the Scottish average (29.7 years) (National Records for

Scotland27). Only four out of the 30 women in this pilot

RCT were less than 30 years of age. Evidence from a sys-

tematic review of socio-economic position (SEP) in the

development of allergy and asthma suggests that allergy is

associated with a higher SEP, and asthma with a lower

SEP (28), emphasising the need to recruit from a broad

socio-economic spectrum, as well as considering underly-

ing dysfunction (‘endotype’). The recruitment rate and

recruitment duration will be used to calculate how many

centres will be required to carry out a large RCT.

We incorporated behavioural change techniques

(BCTs) (29) into the pilot intervention, such as goal-set-

ting, and provided information on how to perform the

behaviour. Our aim is to continue to develop evidence-

based BCTs, as well as their timing, for implementation

in the dietary intervention for a large-scale RCT, with the

aim of maintaining an increased adherence to the MD

through to the end of pregnancy and postnatally.

Although the MD score increased significantly in the

intervention arm from baseline to 12 weeks, this was not

sustained, with the increase in MD score being insignifi-

cantly higher at 24 weeks compared to baseline. After

week 8 and before week 18 post-baseline, MD goals were

not reviewed and revised. There was contact at 12 weeks

to complete a MD score questionnaire. We suggest that

additional contact and continuation of the BCTs used in

our intervention are both justified, given the arguably

short amount of time spent delivering the intervention

(approximately 18 min on average) and on follow-up

telephone calls (approximately 16 min on average). The

average time spent on delivering the intervention (i.e. on

both face to face delivery at baseline and on subsequent

telephone calls) was 34 min. This represents a mean cost

of £19.82 per participant (excluding telephone call

charges) based on a recent estimate of the cost of hospi-

tal dietitian time (30).

The aim of measuring urinary biomarkers markers was

to gauge possible shifts towards increased antioxidant

capacity (FRAP), increased whole body NO production

and/or fruit and vegetable intake (Nitrite/Nitrate) and

decreased oxidative stress (8-OHdG). A key physiological

mechanism underlying the potential effect of maternal

diet on allergy outcome is based on the hypothesis that,

at a critical stage of foetal development, there might be

oxidative stress or compromised vascular development in

the lung (e.g. for asthma), which causes damage, leading

to allergy susceptibility. A diet rich in antioxidants, for

example, might offset oxidative stress. Measuring a mar-

ker of both antioxidant capacity and oxidative stress may

allow for better understanding/corroboration of data.

Measuring the stable products of nitric oxide (e.g. nitrate)

to give a marker of whole-body NO production may

inform us of the status of a key metabolic regulator

implicated in diverse pathological states, also related to

free radical biology, as well as of any potential influence

in the vasculogenesis of organs and tissues. Vegetable

consumption is also a determinant of urinary nitrate

excretion. Although purporting to be an assay measure of

whole body NO production, in the expected absence of

urinary nitrite in our sample population, the assay used

was effectively a measure of urinary nitrate. The source of

the nitrate is therefore a combination of in vivo forma-

tion from NO and ingested nitrate. Approximately 80%

of dietary nitrates are derived from vegetable consump-

tion (31). Other sources include fruit. Urinary nitrate

might therefore reflect fruit and vegetable intake and this

can readily be seen if a concentrated source of vegetable

nitrate (beetroot juice) is ingested (D. A. Sewell, unpub-

lished data). An increase in MD score that is partly as a

result of an increase in fruit and vegetable intake, which

is a key part of the intervention strategy used in the pre-

sent study, may result in an increase in urinary nitrate.

Despite evidence of a correlation between the intake of

foods with a high antioxidant content [e.g. walnuts (32),

extract of Hibiscus sabdariffa (33) and green tea (34)] and

plasma and urinary FRAP having been demonstrated, we

were not able to demonstrate using robust statistical anal-

ysis any differences between trial arms. This was most

likely a result of the small sample size, and a ‘fade’ in

compliance to the advice, as reflected in the smaller dif-

ference in the MD score between groups at 24 weeks

compared to 12 weeks. Of the urinary biomarkers mea-

sured, urinary nitrate and FRAP in a random urine sam-

ple (or, in the future, in blood samples) might be the

best biomarkers to take forward to a larger RCT to add

further credence to a short questionnaire method of

assessing MD change.
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No significant changes were seen between groups or over

time in the measurement of urinary 8-OHd, a sensitive,

stable and integral marker of oxidative stress in vivo (35).

This was included as a biomarker because previous work

relating to allergy has suggested that urinary 8-OHd was

higher in patients with atopic dermatitis compared to con-

trol children free of allergic or inflammatory diseases (35).

In our hands, the within-assay CV was too high, particu-

larly compared to the other biomarker measures. Further-

more, the commercially available kit is relatively expensive,

and we suggest that, although the measure may be of

benefit in comparing patients with different clinical out-

comes, it appears less promising as a biomarker of dietary

change.

Baseline FFQ data were collected prior to randomisa-

tion to the intervention or control arm such that well-

recognised limitations of dietary reporting tools (e.g.

contamination of control arm) were not amplified at that

stage. Intervention arm study participants would, how-

ever, have been aware of expected dietary behaviour on

completion of the FFQ at the end of the trial. It might be

hypothesised that the emphasis placed by the intervention

on the increased use of olive oil, the consumption of fish

and a reduction in red meat consumption would poten-

tially increase intake of monounsaturated fatty acids and

polyunsaturated fatty acids and decrease saturated fat

intake; however, this was not seen in the data. Between

group and differences over the time of vitamin intake for

which there is a potentially a protective role (vitamins A,

C, D and E) were also not evident. Given the small sam-

ple size and the systematic variability in dietary assess-

ment (e.g. problems inherent in the use of retrospective,

self-reported methods of dietary intake, which lack quan-

titative sensitivity), one might anticipate difficulty in find-

ing differences.

We have been able to show an increase in a MD score

during the second trimester of pregnancy; however, we

were not able to maintain a significant increase in MD

score during the third trimester of pregnancy. Our MD

score assumed dairy products to be protective because of

the increased requirement for calcium during pregnancy,

and the score did not include alcohol consumption

because alcohol consumption is not recommended in

pregnancy. Six participants indicated that they consumed

some alcohol during pregnancy. Assessing the potential

clinical significance of the increase in MD score seen in

this pilot trial is difficult given that there have been no

intervention trials of the MD on allergy. The magnitude

of change seen in this pilot trial might be compared with

a cohort study of the MD in pregnancy as protection for

wheeze and atopy in childhood (11). Using the ‘low’ level

score as a reference, a high MD score during pregnancy

was found to be protective for persistent wheeze

(OR = 0.22; 95% CI = 0.08–0.58), atopic wheeze

(OR = 0.30; 95% CI = 0.10–0.90) and atopy (OR = 0.55;

95% CI = 0.31–0.97) at age 6.5 years. An increase in MD

score of 3 (in a total score of 22) in the study by Chatzi

et al. (11) could potentially move a woman out of the

lowest tertile MD score in pregnancy. In a large trial of

the effect of a MD intervention on cardiovascular disease

end-points, Estruch et al. (36) achieved a highly statisti-

cally significant long-term change in MD adherence,

which was sustained for 5 years, ranging from 1.4 to 1.8

points (on a 14-point scale), resulting in a reduction in

the incidence of major cardiovascular events in partici-

pants at high cardiovascular disease risk. Our pilot trial

has indicated a potential mean benefit in the MD score of

between 0 and 4 points, on a 24-point scale, in the

second trimester of pregnancy.

Conclusions

In this pilot RCT, recruitment was a challenge but might

be improved by contact with potential participants at an

earlier stage of the pregnancy and the adoption of a wider

recruitment strategy. Retention of participants was high.

The procedures and intervention appeared to be highly

acceptable, which is likely to have contributed to the high

retention. The intervention effect might be maximised by

continued BCT support during the third trimester of

pregnancy. Favourable changes in MD score were

achieved, although with some fall back over time. Hence,

there was a need for continued reinforcement through

the goal-setting and information strategies employed in

the first 12 weeks of the intervention phase. The mean

change in MD appears to be sufficiently promising to

pursue this programme of work towards a large-scale

RCT. Evidence of dietary change through urinary biomar-

ker changes and FFQ was not seen, despite an increase in

fruit and vegetable intake being a key part of the inter-

vention and participant goal-setting reinforcement. Given

that there is need for a well-designed and adequately

powered RCT to investigate the potential protective

effects of the MD on the risk of developing allergy and

asthma, we are following a framework for developing and

evaluating complex interventions (17). Following on from

a development phase, this trial of feasibility provides

important insights into recruitment and retention for a

large trial. The outcome measures chosen and reported

are important in the design and potential funding of an

adequately powered, large-scale RCT. Through participant

involvement, the qualitative work produced a number of

ideas that might be considered for recruitment, retention

and effect sustainability in dietary intervention studies.

This pilot RCT will enable us to refine a protocol and

continue the programme of work to test the hypothesis
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that greater adherence to a MD during pregnancy will

reduce the risk of allergy in children.
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Abstract

Background: Vitamin A deficiency, which is a leading health issue world-

wide, is estimated to affect approximately 190 million children globally. The

most affected areas are Africa and parts of Southeast Asia.

Methods: The present study examined the use of vitamin A supplementa-

tion and the association between socio-demographic factors and vitamin A

supplementation in children aged less than 5 years from a cross-sectional

demographic survey of Pakistan. Odds ratios were used to express the asso-

ciation between the independent and dependent variables.

Results: For 10 906 children, the coverage of vitamin A supplementation was

68.5%, with regional variations of between 8% and 79%. A multiple logistic

regression analysis was used on a nationally representative sample of mothers

aged 15–49 years. The adjusted results showed that socio-demographic factors

such as a maternal age greater than 24 years, living in rural areas and regional

variations were positively associated with vitamin A supplementation.

Conclusions: From the results of the present study, we conclude that socio-

demographic factors were influential on vitamin A supplementation in chil-

dren aged less than 5 years. Therefore, national and community-level efforts

to support younger mothers in urban areas in the regions with the lowest cov-

erage are needed to increase the acceptance of vitamin A supplementation,

aiming to improve the nutritional status of children and decrease inequity in

health.

Introduction

The human body needs vitamin A for different systems to

function normally, including the visual, respiratory,

immune and reproductive systems (1). Vitamin A has an

anti-infectious effect by regulating the human immune sys-

tem, which protects the body from infections (2). Vitamin

A deficiency can lead to serious health problems, such as a

high risk of infections, visual defects and anaemia (3,4). Dif-

ferent studies have demonstrated a strong association

between vitamin A deficiency and an increased risk of

infections (3,5). The main cause of vitamin A deficiency is a

poor diet, which can lead to serious complications such as

respiratory and ocular diseases; the most affected individu-

als are young children and pregnant women (4).

Vitamin A deficiency remains a serious public health

issue worldwide, and primarily affects developing

countries. According to the World Health Organization

(WHO), approximately 19.1 million pregnant women and

190 million children under the age of 5 years suffer from

vitamin A deficiency (6,7).

The highest rate of vitamin A deficiency is reported to

occur in children aged under 5 years and in pregnant

women in Africa and Southeast Asia (7). Several studies

have revealed that vitamin A supplementation has

decreased the rate of infant mortality (8–14) and morbidity

by reducing the prevalence of infections, such as diarrhoea,

and respiratory diseases (8). A study in Ghana showed that

vitamin A supplementation in children aged less than

5 years decreased hospital admissions and clinic visits (14).

Based on a meta-analysis, Mayo-Wilson et al. (15)

concluded that vitamin A supplementation reduced mor-

bidity and mortality for children in different countries.

Furthermore, they suggested that no further trials are
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needed that compare vitamin A with placebo, although

further knowledge is needed about how to improve the

utilisation of vitamin A supplementation. A study from

Cambodia (16) indicated that only 40% of the children

received vitamin A supplementation, and maternal educa-

tion appeared to be an important determinant of vitamin

A supplementation. Also, in a study from Bangladesh (17),

maternal education found to be important for a greater

supplementation coverage of vitamin A.

Pakistan is a developing country in which more than

half of the population lives in rural areas (18). The condi-

tions of the population living in rural areas are very low

compared to the urban areas. The mortality rate in

infants and children aged less than 5 years is very high

and primarily related to undernutrition as a result of lack

of food or micronutrients and poverty (19). An assessment

based on vitamin A deficiency in children aged less than

5 years showed that the total percentage of malnourished

children was 19.6% and 29.9% in urban and rural areas,

respectively (20).

In the existing literature, few studies (20–23) have exam-

ined the association between socio-economic or demo-

graphic factors, such as maternal age, maternal education,

employment status, wealth index, place of residence and

region and vitamin A supplementation in children aged less

than 5 years in Pakistan compared to other developing

countries (14). However, such studies are of clinical and

public health importance when designing effective inter-

ventions aiming to combat the consequences of vitamin A

deficiency. The present study examined the possible effect

of household socio-economic status on vitamin A supple-

mentation and the coverage of supplementation in children

aged less than 5 years in different regions in Pakistan.

Materials and methods

Design and source of data

In the present study, cross-sectional data from the Demo-

graphic and Health Survey (DHS) of Pakistan from 2012

to 2013 were used. Because the details of the survey

methods have already been published (18), only a brief

description of the methods is included here. Sampling

was conducted in all regions, including urban and rural

areas, through a two-stage stratified random sample

design to select clusters within the first level and house-

holds within the second level.

The final data collection was performed at the house-

hold level by trained interviewers who administered

household and individual DHS standardised question-

naires, such as the Long Household Questionnaire,

Women’s Questionnaire and Childs Verbal Autopsy ques-

tionnaires (18) The Long Household Questionnaire was

used to obtain information about the parents’ age, sex,

marital status and education. Married women aged 15–
49 years were also identified as possible candidates to be

interviewed using the ‘Women’s Questionnaire’ (18) to

obtain information regarding their children’s immunisa-

tions, health and nutrition, and also information about

the women’s work and awareness about several diseases.

The Child Verbal Autopsy Questionnaire in this survey

was standardised (24) according to the WHO and has

been used in other studies (25,26). The questionnaire pro-

vided details about child mortality and morbidity from

parents, relatives or other acquaintances.

The survey procedure and instruments for the DHS

Pakistan were followed by the National Institute of Popu-

lation Studies in Pakistan. Earlier surveys have been ethi-

cally approved but, for the survey of 2012–2013, no

details about ethical approval are reported (18). Informed

consent was obtained from all participants prior to taking

part in the survey, and the information that was collected

remained confidential. The present study was based on an

analysis of anonymous secondary data obtained by the

authors: www.dhsprogram.com/data/.

Settings

The survey was conducted in all provinces of Pakistan,

excluding the Federally Administered Tribal Areas. For

security reasons, it was not possible to include Azad,

Jammu and Kashmir; therefore, the study could not be

conducted in the whole population at a national level.

Population and selection procedure

In the first stage of the survey, a total of 500 sample

points were selected in proportion to the size, with 248

points in urban areas and 252 points in rural areas. In

the second stage, households were collected from all sam-

ple points by applying a random sampling technique.

From each sample point, 28 households were selected,

resulting in 14 000 households being selected for inter-

views using the Long Household Questionnaires.

The Long Household Questionnaire identified a total

of 14 569 women, of whom 13 558 were successfully

interviewed, for a response rate of 93%. Data were col-

lected from 11 763 women with a child aged between

6 months and 5 years. Among the eligible women, the

reason for nonresponse was absence despite repeated vis-

its by interviewing staff.

Measurements

The outcome variable was supplementation of vitamin A,

dichotomised as ‘yes’ or ‘no’ for children. A child was

considered to be a ‘yes’ if he/she had received at least
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one dose of vitamin A in the 6 months preceding the

survey.

To assess independent variables, different indicators

were included. Regions included were Punjab, Sindh,

Khyber Pakhtunkhwa, Balochistan and Gilgit Baltistan.

The place of residence was coded into rural or urban

areas. Maternal age was categorised into the age cate-

gories: 15–24 years; 25–34 years; and 35–49 years. Mater-

nal education was categorised as: no education; primary

education (Grade 1–8); secondary (Grade 9–12); and

higher education (Bachelor and Master Degrees). Mater-

nal employment status was divided into employed and

unemployed. The Wealth Index was classified into the

categories: poor, middle and rich. The economic status of

households was based on data from the Wealth Index,

which is extensively used to measure the status in public

or private services and has been validated in several sur-

veys (27). The index measures the cumulative living stan-

dards of a household by collecting data on the ownership

of selected assets, such as televisions and cars, construc-

tion materials used in housing, drinking water sources,

sanitation facilities and other characteristics related to

wealth status. The statistical procedure creates standard-

ised scores in relation to a standardised distribution with

a mean of ‘0’ and ‘1’ as the SD, which are then used to

create wealth quintiles.

Statistical analysis

In the statistical analysis weighting, clustering and stratifi-

cation were used to achieve a sample representative of

national and regional levels. A binary logistic regression

was used in a first step to analyse the data collected. This

procedure was performed to determine how socio-eco-

nomic and demographic factors were associated with vita-

min A supplementation with crude ratios as expressions

of the associations. To simultaneously adjust for the

included variables maternal age, educational level, Wealth

Index, place of residence and region in the first step, a

multiple logistic regression analysis was also conducted

with odds ratios demonstrating the relationships. Crude

and odds ratios are reported with 95% confidence inter-

vals. The analyses were performed using SPSS COMPLEX SAM-

PLES, version 24 (IBM Corp., Armonk, NY, USA).

Results

Information about the supplementation of vitamin A was

available from 10 906 mothers (92.7%). The prevalence

of vitamin A supplementation in children in different

provinces of Pakistan varied from approximately 8% to

79% (Table 1). On a national level, the coverage was

found to be 68.5%.

Table 1 shows that approximately one-half of the

mothers were in the 25–34-year-old age group. Most of

the respondent mothers were uneducated. Most of the

respondent mothers were unemployed. Poor mothers

comprised the most common group and around two-

thirds of the mothers resided in rural parts of the

country.

In Table 2, the findings from the binary logistic regres-

sion indicated that mothers in the age ranges 25–34 years

and 35–49 years were more likely to receive vitamin A

supplementation for their children than younger mothers.

Mothers with a primary education were more likely to

receive vitamin A supplementation for their children

compared to mothers without education. Referring to the

Wealth Index, middle class mothers had a higher proba-

bility of receiving vitamin A supplementation for their

children compared to poor mothers. Similarly, mothers

living in rural areas were more likely to receive vitamin A

supplementation for their children compared to mothers

living in urban areas. Compared to mothers in Gilgit Bal-

tistan, mothers in the other regions of Pakistan were

more likely to receive vitamin A supplementation.

In the multiple analysis, age, place of residence and

regions remained significant when all of the variables

were adjusted simultaneously (Table 2). The probability

Table 1 Descriptive statistics of the participating women aged 15–

49 years with children aged 6–59 months

Characteristics N %

Study population 10 906 100

Maternal age (years)

15–24 2497 22.9

25–34 6282 57.6

35–49 2127 19.5

Educational level

No education 6162 56.5

Primary education 1843 16.9

Second and higher education 2901 26.6

Employment status

Unemployed 8179 75.0

Employed 2727 25.0

Wealth index

Poor 4820 44.2

Middle 2149 19.7

Rich 3937 36.1

Place of residence

Urban 3239 29.7

Rural 7667 70.3

Vitamin A supplements by region

Punjab 5665 73.7

Sindh 2219 56.3

Khyber Pakhtunkhwa 1423 79.2

Balochistan 496 42.7

Gilgit Baltistan 73 8.2
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of receiving vitamin A supplementation for children

increased when mothers were older than 24 years of age,

and also when mothers were living in the rural areas of

Punjab, Sindh, Kyber Pakhtunkhwa and Balochistan.

Discussion

The present study provides evidence of the socio-eco-

nomic and demographic determinants of child health

outcomes with respect to vitamin A supplementation in

Pakistan. Among the factors selected in the present study,

maternal age, place of residence and region were shown

to be the strongest predictors for vitamin A supplementa-

tion in children under 5 years of age in Pakistan. Vitamin

A supplementation was found to have a prevalence of

68.5%, with regional variations.

Maternal education and household living standard did

not contribute as predictors in the adjusted model. By

contrastt, other studies have shown that educated moth-

ers and/or with higher living standards are well informed

of the importance of the vitamin A and are more posi-

tive towards supplementation or fortification for their

children (16,17,20,28).

The adjusted model showed that older mothers living

in rural areas of Pakistan were more likely to give vitamin

A to their children than younger mothers. Regional dis-

parities in the coverage of vitamin A supplementation

were also found, with a higher likelihood of coverage in

the larger regions in terms of population (18). Younger

maternal age as a risk factor for children not receiving

vitamin A supplementation has also been reported in ear-

lier studies (17,28)
. Moreover, urban residency is a factor

that has been identified earlier in some studies in relation

to lower supplementation of vitamin A (29,30). Speculation

as to why the coverage of vitamin A supplementation is

lower in urban areas leads to the consideration that these

parents have access to and offers of food containing

vitamin A instead of supplementation. According to the

findings in the demographic and health survey report

2012–2013 from Pakistan, a higher proportion of children

aged 6–23 months, living in urban areas, were offered

food rich in vitamins (18).

The coverage of the distributed vitamin A supplemen-

tation of 68.5% in the present study is below the 80%

coverage that has been considered necessary for reduc-

ing child mortality (31). Notably, the findings of vitamin

A coverage in this study are not in line with the UNI-

CEF reports for Pakistan (32), which reported a 99%

rate over the same interval. UNICEF has apparently

included records from local offices, which have been

demonstrated to overestimate the coverage of vitamin A

supplementation (29).

The findings in the present study highlight the impor-

tance of regular follow-ups to identify gaps in health ser-

vices provision that can change over time. Interventions

and campaigns targeting earlier identified risk factors

such as maternal education or household living standards

may have succeeded, although other groups have not

been covered. To improve the vitamin A status in Pak-

istan, new approaches for implementation may be

required to reach young mothers in urban areas or those

living in sparsely populated areas (33).

A nationwide health programme adapted to regional

variations can be launched to increase the awareness of

mothers regarding vitamin A deficiency and its conse-

quences in children under 5 years of age (34,35) with help

of local government bodies and local influential health

organisations. In the Lancet series on maternal and child

nutrition, Bryce et al. (36) noted that policies tackling

poverty, cultivation and infrastructure are necessary

beyond strategies for improving nutritional status.

The main strength of the present study is the use of

the largest household-based survey ever conducted in

Pakistan. In addition, in Pakistani culture, mothers are

mostly engaged with children under 5 years of age, and

so they are a very reliable source of information regarding

Table 2 Crude and adjusted odd ratios for socio-demographic

factors affecting vitamin A intake

Socio demographic

factors

Crude

OR (95% CI)

Adjusted

OR (95% CI)

Maternal age (years)

15–24 1 1

25–34 1.20 1.02–1.42 1.27 1.06–1.51

34–49 1.26 1.01–1.56 1.34 1.07–1.69

Education level

None 1 1

Primary 1.31 1.04–1.64 1.19 0.95–1.49

Secondary or

Higher

1.09 0.90–1.31 1.07 0.84–1.37

Employment status

Unemployed 1

Employed 1.06 0.90–1.25

Wealth index

Poor 1 1

Middle 1.43 1.14–1.80 1.24 0.96–1.60

Rich 1.13 0.91–1.40 1.15 0.89–1.48

Place of residence

Urban 1 1

Rural 1.30 1.03–1.64 1.35 1.06–1.73

Region

Gilgit Baltistan 1

Punjab 31.21 16.68–58.41 29.35 15.60–55.22

Sindh 14.34 7.71–26.69 14.48 7.79–26.94

Khyber

Pakhtunkhwa

42.53 21.36–83.97 41.15 20.75–81.60

Balochistan 8.31 4.26–16.20 8.32 4.32–16.04

OR, odds ratio; CI, confidence interval.
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children. The weakness of the study is that it does not

cover the whole population. A large number of people

live in the tribal areas of Pakistan, where data collection

is difficult for multiple reasons, such as security and strict

local traditions, according to which the women are not

allowed to give interviews.

Based on these findings, health professionals and policy

makers should develop effective strategies aimed at deliv-

ering nutritional supplements to all children in the com-

munity, especially children with the highest risk for

deficiency. Fortifying commonly consumed foods such as

flours, cereals, sugar, margarine and oils with vitamin A
(21,37,38) may help. Targeted vitamin A supplementation

programmes can be introduced in regions and communi-

ties with high levels of vitamin A deficiency (23,38).

Acknowledgments

We are particularly thankful to the Measure DHS archive

administrators for giving us access to the Pakistan DHS

data 2012–13.

Transparency declaration

The lead author affirms that this manuscript is an honest,

accurate and transparent account of the study being reported,

that no important aspects of the study have been omitted

and that any discrepancies from the study as planned (and

registered with) have been explained. The reporting of this

work is compliant with the STROBE guidelines.

Conflict of interests, source of funding and
authorship

The authors declare that they have no conflicts of

interest.

No funding declared.

FC contributed to the acquisition, analysis and inter-

pretation of data and the drafting of the manuscript.

LL took charge of design of the study and interpreta-

tion of data, as well as the drafting and revision of the

manuscript. Both authors contributed to the intellec-

tual content and the final version submitted for publi-

cation.

References

1. Sommer A & West KPJ (1996) Vitamin A Deficiency:

Health, Survival and Vision. New York, NY: Oxford

University Press.

2. Green HN & Mellanby E (1928) Vitamin A as an anti-

infective agent. Br Med J 2, 691–696.
3. Rice AL, West KPJ & Black RE (2004) Vitamin A

deficiency. In: Comparative Quantification of Health Risks.

pp. 211–256 [Ezzati M, Lopez AD, Rodgers A & Murray

CJL, editors]. Geneva: World Health Organization.

4. Sommer A & Davidson FR (2002) Assessment and control

of vitamin A deficiency: the Annecy Accords. J Nutr 132,

2845S–2850S.
5. Semba RD (1999) Vitamin A and immunity to viral,

bacterial and protozoan infections. Proc Nutr Soc 58, 719–
727.

6. Klemm R, Harvey P, Palmer A et al. (2007) Defining the

issues for Vitamin A. http://www.a2zproject.org/pdf/

Vitamin-A-gap-analysis.pdf (accessed August 2016).

7. WHO (2009) Global Prevalence of Vitamin A Deficiency in

Populations at Risk 1995–2005. WHO Global Database on

Vitamin A Deficiency. Geneva: World Health Organization.

8. Barreto ML, Santos LM, Assis AM et al. (1994) Effect of

vitamin A supplementation on diarrhoea and acute lower-

respiratory-tract infections in young children in Brazil.

Lancet 344, 228–231.
9. Daulaire NM (1992) Childhood mortality after high dose

vitamin A. BMJ 304, 1381.

10. Muhilal Permeisih D, Idjradinata YR &

Muherdiyantiningsih Karyadi D (1988) Vitamin A-fortified

monosodium glutamate and health, growth, and survival

of children: a controlled field trial. Am J Clin Nutr 48,

1271–1276.
11. Rahmathullah L, Underwood BA, Thulasiraj RD et al.

(1990) Reduced mortality among children in southern

India receiving a small weekly dose of vitamin A. N Engl J

Med 323, 929–935.
12. Sommer A, Tarwotjo I, Djunaedi E et al. (1986) Impact of

vitamin A supplementation on childhood mortality. A

randomised controlled community trial. Lancet 1, 1169–
1173.

13. West KP Jr, Pokhrel RP, Katz J et al. (1991) Efficacy of

vitamin A in reducing preschool child mortality in Nepal.

Lancet 338, 67–71.
14. Ross DA (1993) Vitamin A and childhood mortality.

Ghana vitamin A supplementation trials study team.

Lancet 342, 861.

15. Mayo-Wilson E, Imdad A, Herzer K et al. (2011) Vitamin

A supplements for preventing mortality, illness, and

blindness in children aged under 5: systematic review and

meta-analysis. BMJ 343, d5094.

16. Grover DS, Pee S, Sun K et al. (2008) Vitamin A

supplementation in Cambodia: program coverage and

association with greater maternal formal education. Asia

Pac J Clin Nutr 17, 446–450.
17. Semba RD, Pee S, Sun K et al. (2010) Coverage of vitamin

A capsule programme in Bangladesh and risk factors

associated with non-receipt of vitamin A. J Health Popul

Nutr 28, 143–148.

619ª 2017 The British Dietetic Association Ltd.

F. Changezi and L. Lindberg Vitamin A intake in children

http://www.a2zproject.org/pdf/Vitamin-A-gap-analysis.pdf
http://www.a2zproject.org/pdf/Vitamin-A-gap-analysis.pdf


18. National Institute of Population Studies (NIPS) [Pakistan]

and ICF International (2013) Pakistan Demographic and

Health Survey 2012–2013. Islamabad, Pakistan and

Calverton, Maryland, USA: NIPS and ICF International.

19. Iram U & Butt MS (2008) Socioeconomic determinants of

child mortality in Pakistan: evidence from sequential

probit model. Int J Soc Econ 35, 63–76.
20. Saif G, Gilani IH, Almas K et al. (2001) Socio-economic

pattern and nutrition in children under five years of age.

Int J Agric Biol 3, 153–154.
21. ACC/SCN (1997) 3rd Report on the World Nutrition

Situation. Geneva: ACC/SCN.

22. Iqbal R, Sethi MJ & Sethi S (2007) Frequency of vitamin A

deficiency in children aged 6–72 months at the Out

Patient Ophthalomology Department Agency Headquarter

Landikotal Khyber Agency. J Postgrad Med Inst 21, 46–49.
23. NNS (2011) National Nutrition Survey of Pakistan.

Islamabad: Government of Pakistan, Aga Khan University

and UNICEF.

24. Anker M, Black RE, Coldham C et al. (2008) A Standard

Verbal Autopsy Method for Investigating Causes of Death in

Infants and Children. Geneva: World Health Organization.

25. Aggarwal AK, Kumar P, Pandit S et al. (2013) Accuracy of

WHO verbal autopsy tool in determining major causes of

neonatal deaths in India. PLoS ONE 8, e54865.

26. Aleksandrowicz L, Malhotra V, Dikshit R et al. (2014)

Performance criteria for verbal autopsy-based systems to

estimate national causes of death: development and application

to the Indian Million Death Study. BMCMed 4, 21.

27. Rutstein SO & Johnson K (2004) The DHS Wealth Index.

Calverton, MD: ORC Macro.

28. Semba RD, Pee S, Sun K et al. (2010) Low intake of

vitamin A-rich foods among children, aged 12–35 months,

in India: association with malnutrition, anemia, and

missed child survival interventions. Nutrition 26, 958–962.
29. Nyhus Dhillon C, Subramaniam H, Mulokozi G et al.

(2013) Overestimation of vitamin a supplementation

coverage from district tally sheets demonstrates

importance of population-based surveys for program

improvement: lessons from Tanzania. PLoS One 8,

e58629.

30. Agrawal S & Agrawal P (2013) Vitamin A supplementation

among children in India: does their socioeconomic status

and the economic and social development status of their

state of residence make a difference? Int J Med Public

Health 31, 48–54.
31. Ross DA (2002) Recommendations for vitamin A

supplementation. J Nutr 132, 2902S–2906S.
32. UNICEF. Childinfo – Pakistan. Available at: https://public.

tableau.com/views/VitaminASupplementationDashboard-

Alternate/Combined?:embed=y&:display_count=yes&:

showTabs=y&:toolbar=no&:showVizHome=no (accessed

August 2016).

33. Lassi ZS, Kumar R, Mansoor T et al. (2014) Essential

interventions: implementation strategies and proposed

packages of care. Reprod Health 11, S5.

34. Khaliq R, Rahman MU, Rizvi F et al. (2008) Knowledge,

attitude and practices among mothers of children under

five years regarding vitamin-A intake. Ann Pak Inst Med

Sci 4, 121–124.
35. Matta S, Matta P & Gupta V (2006) Knowledge among

women regarding vitamin A deficiency: a hospital based

study. Indian J Prev Soc Med 37, 138–141.
36. Bryce J, Coithinho D, Darnton-Hill I et al. (2008)

Maternal and child undernutrition: effective action at

national level. Lancet 371, 510–526.
37. Solon FS (2006) Good governance for nutrition in the

Philippines: elements, experiences, and lessons learned.

Food Nutr Bull 27, 343–352.
38. Dary O & Mora JO (2002) Food fortification to reduce

vitamin A deficiency: international vitamin A consultative

group recommendations. J Nutr 132, 2927S–2933S.

620 ª 2017 The British Dietetic Association Ltd.

Vitamin A intake in children F. Changezi and L. Lindberg

https://public.tableau.com/views/VitaminASupplementationDashboard-Alternate/Combined?:embed=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:display_count=yes<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showTabs=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:toolbar=no<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showVizHome=no
https://public.tableau.com/views/VitaminASupplementationDashboard-Alternate/Combined?:embed=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:display_count=yes<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showTabs=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:toolbar=no<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showVizHome=no
https://public.tableau.com/views/VitaminASupplementationDashboard-Alternate/Combined?:embed=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:display_count=yes<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showTabs=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:toolbar=no<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showVizHome=no
https://public.tableau.com/views/VitaminASupplementationDashboard-Alternate/Combined?:embed=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:display_count=yes<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showTabs=y<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:toolbar=no<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>%5band%5d<ucode>*</ucode><ucode>*</ucode><ucode>*</ucode>:showVizHome=no


MICRONUTRIENTS

Effect of magnesium supplementation on type 2 diabetes
associated cardiovascular risk factors: a systematic review
and meta-analysis
H. Verma1,2,3 & R. Garg1,2

1IKG Punjab Technical University, Kapurthala, India
2ASBASJSM College of Pharmacy, Ropar, India
3Overseas R&D Centre, Overseas HealthCare Pvt Ltd, Phillaur, Punjab, India

Keywords

blood pressure, dyslipidaemia, magnesium,

meta-analysis, type 2 diabetes.

Correspondence

H. Verma, Overseas R&D Centre, Overseas Health

Care Pvt Ltd, Phillaur, Punjab 144410, India.

Tel.: +91 8699769926

Fax: +91-1826-222885

E-mail: frd.ohcpl@gmail.com

How to cite this article

Verma H. & Garg R. (2017) Effect of magnesium

supplementation on type 2 diabetes associated

cardiovascular risk factors: a systematic review

and meta-analysis. J Hum Nutr Diet. 30, 621–633

doi: 10.1111/jhn.12454

Abstract

Background: Cardiovascular disorders remain the leading cause of death in

type 2 diabetic patients. In the present study, a systematic review and a

meta-analysis of randomised controlled trials (RCTs) were conducted aim-

ing to evaluate the effect of magnesium supplementation on type 2 diabetes

(T2D) associated cardiovascular risk factors in both diabetic and nondia-

betic individuals.

Methods: PubMed, Scopus, Cochrane, Web of Science and Google Scholar

databases were searched from inception to 30 June 2016 aiming to identify

RCTs evaluating the effect of magnesium supplementation on T2D associ-

ated cardiovascular risk factors. The data were analysed using a random

effect model with inverse variance methodology. Sensitivity analysis, risk of

bias analysis, subgroup analysis, meta-regression and publication bias analy-

sis were also conducted for the included studies using standard methods.

Results: Following magnesium supplementation, a significant improvement

was observed in fasting plasma glucose (FPG) [weighted mean difference

(WMD) = �4.641 mg dL�1, 95% confidence interval (CI) = �7.602, �1.680,

P = 0.002], high-density lipoprotein (HDL) (WMD = 3.197 mg dL�1, 95%

CI = 1.455, 4.938, P < 0.001), low-density lipoprotein (LDL) (WMD =
�10.668 mg dL�1, 95% CI = �19.108, �2.228, P = 0.013), plasma triglyc-

erides (TG) (WMD = �15.323 mg dL�1, 95% CI = �28.821, �1.826,

P = 0.026) and systolic blood pressure (SBP) (WMD = �3.056 mmHg, 95%

CI = �5.509, �0.603, P = 0.015). During subgroup analysis, a more benefi-

cial effect of magnesium supplementation was observed in diabetic subjects

with hypomagnesaemia.

Conclusions: Magnesium supplementation can produce a favourable effect

on FPG, HDL, LDL, TG and SBP. Therefore, magnesium supplementation

may decrease the risk T2D associated cardiovascular diseases, although

future large RCTs are needed for making robust guidelines for clinical

practice.

Introduction

Type 2 diabetes (T2D) is a life style disorder characterised

by insulin resistance in insulin sensitising organs and

impaired insulin secretion by pancreatic b-cells (1). An

epidemiological outbreak of T2D is a major concern for

the world healthcare system, generating a large healthcare

burden across the globe. The prevalence of diabetes has

been speculated to increase from 250 million at present

to 592 million by 2035 (2,3). Developing countries are at

higher risk (69%) compared to developed countries

(20%) (4,5).Cardiovascular disorders (CVD) remain the
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leading cause of death in T2D patients (6,7). Various risk

factors associated with CVD include hypertension, dyslip-

idaemia, impaired glucose metabolism and smoking. The

overall risk of CVD associated morbidity and motility in

T2D involves a complex interplay between these factors
(8,9). The focus of current patient oriented T2D therapy is

on controlling hyperglycaemia, along with decreasing the

risk of CVD to improve the quality of life and life expec-

tancy of T2D patients (10).

Long-term hyperglycaemia results in macro- and

microvascular complications in T2D. Elevated glucose

levels cause glycation of lipoproteins within the body.

Glycated lipoproteins have differential handling by

lipoprotein receptors, which potentiates atherogenicity.

Moreover, glycated lipoprotein has increased susceptibility

towards oxidation, which increases oxidative stress in

T2D patients. Diabetic dyslipidaemia (also known as

atherogenic dyslipidaemia) is prevalent in T2D patients at

high risk of macrovascular complications. It is charac-

terised by elevated triglyceride (TG) remnants and small

dense low-density lipoprotein (LDL) levels, along with

decreased high density-lipoprotein (HDL) levels. Elevated

blood pressure (BP) also increases the risk of CVD. It has

been reported that, with each 10 mmHg increase in sys-

tolic blood pressure (SBP), the risk of CVD increases by

15%. Therefore, consideration should be given to CVD

associated risk factors along with hyperglycaemia in the

management of T2D. Management of diabetic dyslipi-

daemia and BP is demonstrated to be more beneficial

than targeting hyperglycaemia alone for decreasing the

risk of macro- and microvascular complications in T2D
(11,12).

Life style modifications and adjuvant dietary supple-

mentation are areas of active research in the management

of T2D. Magnesium (Mg) supplementation is included

among them. Mg is the fourth most abundant cation in

the human body with maximum intracellular distribution

(99%) (13). The ARIC study demonstrated an inverse

association between serum magnesium levels and the risk

of developing T2D in the general population, which sug-

gests a beneficial role of Mg in the prevention of T2D
(14). Mg is essential cofactor of more than 300 enzymes

(including enzymes involved in glycolysis). Therefore, Mg

is critical for intracellular carbohydrate metabolism (15). It

also acts as a cofactor of tyrosine kinase enzyme and thus

is involved in post-receptor signalling of insulin. Mg reg-

ulates the release of calcium from the rough endoplasmic

reticulum (as a cofactor of CaATPase) in pancreatic

b-cells, thus modulating insulin secretion from the pan-

creas (16–18). Mg produces a positive effect on diabetic

dyslipidaemia by modulating the activity of lipoprotein

lipase (LPL), desaturase (DS) and lecithin-cholesterol acyl

transferase (LCAT). Impaired activity of LPL and DS

leads to elevated TG levels and an increased saturated to

unsaturated fatty acid ratio, respectively. This results in

increased vulnerability to macrovascular changes associ-

ated with T2D. In addition, LCAT plays a critical role in

maintaining lipoprotein balance within the body. An

impairment in activities of LPL and LCAT results in

increased TG, LDL and very LDL (VLDL) and decreased

HDL (12). Mg also decreases BP by causing vascular

smooth muscle relaxation, which results in decreased vas-

cular tone (11). Inflammation and oxidative stress in T2D

are also reported to be associated with hypomagnesaemia

(HM) because serum Mg levels are inversely associated

with C-reactive protein, interleukin (IL)-1b, IL-6, induci-
ble nitric oxide synthase, interferon-c and malondialde-

hyde levels (15,17). Therefore, HM may be a critical risk

factor for T2D and other associated co morbidities.

Various cross-sectional and longitudinal studies con-

firms the association of Mg intake with insulin sensitivity

and glucose homeostasis (19–28). Two meta-analyses (29,30)

have been conducted aiming to determine the effect of

Mg supplementation on insulin sensitivity and glucose

homeostasis (involving an intervention duration of 4–
24 weeks with both organic and inorganic salt forms).

Both studies confirmed the significant association of Mg

intake with insulin sensitivity and glucose homeostasis.

However, in a meta-analysis by Song et al.,(29) the long-

term effect of Mg supplementation was uncertain (as was

evident from glycated haemoglobin levels), whereas, in a

meta-analysis by Simental-Mendia et al. (30), the effect of

Mg supplementation on CVD risk factors was not evalu-

ated. Various observational studies also suggest a benefi-

cial role of Mg in reducing the risk of CVD (31–38).

In the present study, we performed a systematic review

and meta-analysis of randomised controlled trials (RCTs)

to evaluate the beneficial effect of Mg supplementation

on T2D associated CVD risk factors. The present meta-

analysis includes studies carried out in T2D subjects or in

populations at high risk of T2D.

Methods

Search strategy and selection criteria

A search was conducted in accordance with the Preferred

Reporting Items for Systematic Review and Meta-analysis

(PRISMA) statement (2009) (39). We searched PubMed,

Scopus, Cochrane, Web of Science and Google Scholar

databases from inception to 30 June 2016, including arti-

cles in press and online ahead of publication using a

search strategy with Medical Search history (MeSH)

terms: (randomised controlled trial OR Controlled trials

OR randomised OR Placebo) AND (Magnesium OR

Magnesium therapy OR Magnesium supplementation)

AND (NIDDM OR Type 2 Diabetes OR Type II Diabetes
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OR Non-Insulin Dependent Diabetes OR Insulin resis-

tance OR Insulin sensitivity OR Hyperglycaemia OR

Impaired glucose tolerance). Truncations (*) were used at

appropriate places to ensure that all variations of search

terms were included. The search was restricted to the

English language only. Wherever studies were available as

an online abstract or were inaccessible, their full text was

obtained either from the journal publisher or from the

study authors by personal request. Additional information

wherever required was obtained from the corresponding

author of a study by request. Studies compliant with the

following inclusion criteria were included in present sys-

tematic review:

• RCTs with parallel or cross-over design

• Enrolled participants ≥18 years of age

• Participants were either T2D or at high risk of

developing T2D (e.g. prediabetics, hypertensive, over-

weight or obese)

• Evaluated effect of Mg supplementation (both

organic and inorganic) on T2D associated CVD risk fac-

tors

• A supplementation duration of at least 1 month

• The presence of sufficient data to interpret pre- and

post-treatment changes in desired outcomes.

Studies not compliant with the above inclusion criteria

were excluded. We also excluded case controlled studies,

multiple reports of same trial and observational studies

(cross-sectional as well as longitudinal designs).

Both investigators in the present study carried out an

independent search for suitable trials and evaluated titles

and abstracts during prescreening. After prescreening, the

full text of the remaining studies was evaluated for poten-

tial inclusion in the present systematic review. Any dis-

crepancy regarding the decision for including or

excluding a particular study was resolved after mutual

discussion.

Data collection and quality assessment

Data collection forms were developed in accordance with

the Cochrane Handbook of Systematic Reviews of Interven-

tions (40). Each study was given with a unique study ID

(an integer) and the following information was extracted

from the included studies:

• Last name of first author and year of publication

• Number of participants in both treatment and con-

trol group (in cross-over studies, same number of partici-

pants considered in both groups)

• Population characteristics, including age, body mass

index, HM or normomagnesaemic (NM)

• Dose of Mg and its related salt form

• Duration of supplementation

• Baseline and final values in each group for any of:

Fasting plasma glucose (FPG), fasting plasma insulin

(FPI), glycated haemoglobin (HbA1C), total cholesterol

(TC), HDL, LDL, TG, SBP and diastolic blood pressure

(DBP)

Assessment of the risk of bias was performed in accor-

dance with the Cochrane Handbook of Systematic Reviews

of Interventions (40). Separate forms were generated for

each study with its unique study ID (initially assigned

during data collection). Each study was evaluated for its

sequence generation method, allocation of sequence con-

cealment, blinding and dropout details, selective outcome

reporting and other potential sources of bias.

Data synthesis and analysis

Collected data of different outcomes, wherever needed,

was converted into uniform measurement units using

established conversion factors. FPG, TC, HDL, LDL and

TG values were recorded as mg dL�1. Insulin values were

recorded as lIU mL�1. SBP and DBP values were

recorded as mmHg. These measuring units were adopted

to increase the utility of systematic review in clinical

practice. Comprehensive meta-analysis (CMA), version 2

(Biostat, Eaglewood, NJ, USA) was used for the meta-

analysis. Effect of intervention was assessed in form of

weighted mean difference (WMD) at a 95% confidence

interval (CI). WMD was calculated using inverse variance

methodology. The following formulae were used to calcu-

late the change score (or intervention effect):

• For studies in which baseline values were available:

Change score ¼ ðTf � TbÞ � ðCf � CbÞ (1)

where Tf is the final value of outcome in treatment

group; Tb is the baseline value of outcome in treatment

group; Cf is the final value of outcome in control group;

and Cb is the baseline value of outcome in control group.

• For cross-over trials

Change score ¼ Tf � Cf (2)

wherever the SEM was reported for a particular group,

this was converted to the SD by multiplying it by the

square root of number of subjects present in that group.

Wherever results were recorded as median value with

range, conversion into mean and SD was performed as

suggested by Hozo et al.(41). Wherever variation was

recorded as range, the SD was calculated by subtracting

the lower limit from the upper limit followed by division

of outcome with t-value at 95% CI. The t-value was cal-

culated in EXCEL (Microsoft Corp., Redmond, WA, USA)

using the formula: =tinv(1�0.95, n�1), where, n is the

number of subjects in a particular group. Random effect
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model (DerSimonian-Laird method) and a generic inverse

variance method were used for meta-analysis. Inter-study

variability was assessed by the Cochrane Q and I2 index (40).

Sensitivity analysis was performed as suggested by the

Cochrane Handbook of Systematic Reviews of Interventions (40)

via the ‘leave-out one method’. In this method, one study was

removed at a time and the meta-analysis was repeated with

the remaining treatment arms and any effect of elimination

on summary estimate was evaluated.

Subgroup analysis

Subgroup analysis was performed to assess the effect of

population and intervention characteristics on outcome

measure. There were two population based subgroup

analysis criteria: diabetic or nondiabetic population and

HM (<0.74 mmol L�1 or 1.8 mg dL�1) or NM

(≥0.74 mmol L�1 or 1.8 mg dL�1) population. Interven-

tion subgroup analysis had two criteria: ≤3 months of

treatment duration or >3 month treatment duration and

the type of magnesium salt used in intervention (inor-

ganic or organic). Variation among subgroups was evalu-

ated on the basis of the P-value at 95% CI.

Meta-regression

Weighted random effect meta-regression was performed

to evaluate the association between possible confounders

and outcome measure. In the present analysis, elemental

magnesium dose per day and treatment duration (in

weeks) were considered as possible confounders.

Assessment of publication bias

Publication bias was analysed by visual assessment of

asymmetry in Begg’s funnel plot. Kendall’s tau with con-

tinuity correlation, Egger’s linear regression test, corrected

effect size test (trim and fill test) and the classical Fail safe

N test were also used to assess the effect of publication

bias on reported outcome.

Results

We found 88 records during the initial search of all data-

bases. Of these, 35 were non-original records. Twenty

three did not meet the inclusion criteria. The remaining

studies were considered after analysing the full text. Of

these, two studies (42,43) were excluded because one (42)

was a case–control study and the other (43) was a confer-

ence abstract (i.e. no data were available). The full text of

one study (44) was not available online. On request, the

journal publisher provided the full text. The design details

of two studies (44,45) were obtained from their corre-

sponding authors on request. Finally, 28 studies were

included in the present review (46–71). In accordance with

the PRISMA statement, the details of the search strategy

and its outcomes are presented in Fig. 1.

A total of 1694 subjects were included in present study.

Of these, 834 subjects belong to the treatment arm,

whereas 860 belong to the placebo arm. Studies were con-

ducted from 1989 to 2015. A summary of selected studies

is provided in the Supporting information (Table S1).

Figure 1 Details of the search strategy and its

outcomes.
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Assessment of the risk of bias

Under sequence generation analysis, no study was found

to have a high risk of bias. Allocation concealment was

unclear in all studies. Blinding of participants, personnel

and outcome assessors was associated with a low risk of

bias. There was only one study by Solati et al. (66) that

was associated with a high risk of bias. All studies

reported adequate data for inclusion in the meta-analysis.

No study included in the present meta-analysis was found

to have a high risk for selective reporting outcomes (see

Supporting information, Table S2).

Effect on outcomes related to type 2 diabetes associated

cardiovascular disease related risk factors

The effect of Mg supplementation of FPG, FPI, HbA1C,

TC, HDL, LDL, TG, SBP and DBP was assessed via meta-

analysis of 27, 15, 14, 15, 20, 12, 21, 19 and 19 treatment

arms. After Mg supplementation, significant improvement

was observed in FPG (WMD = �4.641 mg dL�1, 95%

CI = �7.602,�1.680, I2 = 83.353, P = 0.002) (Fig. 2), HDL

(WMD = 3.197 mg dL�1, 95% CI = 1.455, 4.938,

I2 = 67.250, P = 0.00032) (Fig. 2), LDL (WMD = �10.668

mg dL�1, 95% CI = �19.108, �2.228, I2 = 71.201,

P = 0.013) (Fig. 2), TG (WMD = �15.323 mg dL�1, 95%

CI = �28.821, �1.826, I2 = 53.267, P = 0.026) (Fig. 2) and

SBP (WMD = �3.056 mmHg, 95% CI = �5.509, �0.603,

I2 = 59.191, P = 0.015) (Fig. 2). Insignificant improvement

or no improvement was observed in FPI (WMD =
�0.481lIU mL�1, 95% CI = �1.462, �0.500, I2 = 57.774,

P = 0.336) (Fig. 2), HbA1C (WMD = �0.001%, 95% CI =
�0.132, 0.130, I2 = 0.000, P = 0.989) (Fig. 2), TC (WMD =
�4.323 mg dL�1, 95% CI = �10.841, 2.195, I2 = 55.102,

P = 0.194) (Fig. 2) and DBP (WMD =�1.369 mmHg, 95%

CI = �3.023, 0.285, I2 = 64.749, P = 0.105) (Fig. 2). As is

evident from the value of I2, the included studies had moder-

ate to considerable heterogeneity associated with them.

Sensitivity analysis (leave-out one method) showed that

results were robust and were not over influenced by the

results of a particular study.

Subgroup analysis

Both population and interventional subgroup analysis did

not show any significant variation in the case of HbA1C

and TC at 95% CI. A significant differential effect was

observed in rest of outcomes at 95% CI (see Supporting

information, Table S3). In the diabetic versus nondiabetic

population, significant differences were observed in FPG

(P = 0.003), HDL (P < 0.001), LDL (P = 0.003) and TG

(P = 0.041), whereas an insignificant difference was observed

in the case of FPI (P = 0.301). Statistically significant

variation was also observed among the HM and NM groups

in the case of FPG (P = 0.001), FPI (P = 0.013), HDL

(P < 0.001) and LDL (P = 0.039), whereas variation was

insignificant in the case of TG (P = 0.797). Different Mg salts

had a variable effect only in the case of FPG (P < 0.001) and

HDL (P < 0.001) at 95% CI, whereas, there was no differen-

tial effect on other outcomes. Duration of therapy

(≤3 months or >3 months) also had a significant variable

effect for all outcomes except in the case of FPI (P = 0.171).

Meta-regression analysis

At 95% CI, elemental Mg dose was found to be inversely

associated with FPG (P = 0.084), TC (P = 0.002), HDL

(P < 0.001), LDL (P = 0.008), TG (P = 0.028), SBP

(P < 0.001) and DBP (P < 0.001) (see Supporting infor-

mation, Fig. S1). Duration of therapy had inverse associa-

tion with FPG (P < 0.001) only when the rest of

parameters did not show a significant association at 95%

CI (see Supporting information, Fig. S2).

Risk of publication bias

Visual evaluation of funnel plot for all outcomes (see

Supporting information, Fig. S3) was performed. Data

related to Kendall’s tau with continuity correlation,

Egger’s linear regression test, trim and fill test and the fail

safe N test for all outcomes are shown in the Supporting

information (Table S4). The trim and fill test shows

imputation of three studies and one study in the case of

FPI and TG, respectively, although there was no signifi-

cant variation in the outcome summary estimate. Egger’s

regression test showed significant variation only in the

case of TG (P = 0.015), whereas all other outcomes did

not show any significant bias in any of the tests.

Discussion

Hyperglycaemia plays an important role in the develop-

ment of macro- and microvascular complications in T2D

because it affects the glycation of lipoproteins as and also

increases their vulnerability towards oxidation (11,12). We

observed an overall beneficial effect of Mg supplementa-

tion on FPG. We also observed a differential effect of Mg

supplementation during subgroup analysis. A significant

beneficial effect of Mg supplementation was observed in

the diabetic population with hypomagnesaemia. Hence,

analysis of baseline serum Mg levels may be important

before rationalising Mg supplementation. Significant vari-

ation was also observed in the case of treatment duration.

Both short-term and long-term therapy were found to be

effective in the management of FPG, although >3 months

of supplementation produces a greater beneficial effect on
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Figure 2 Meta-analysis of the effect of magnesium supplementation on: (a) fasting plasma glucose, (b) fasting plasma insulin, (c) glycated

haemoglobin, (d) total cholesterol, (e) high-density lipoprotein, (f) triglycerides, (g) low-density lipoproteins, (h) systolic blood pressure and (i)

diastolic blood pressure (P < 0.05).
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Figure 2 Continued.
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Figure 2 Continued.
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FPG (P = 0.001). Our results regarding the short-term ben-

eficial effect of Mg supplementation on FPG are different

from the results reported by Simental- Mendia et al. (30) and

this may be the result of a greater number of clinical studies

being included in the present meta-analysis.

Mg affects insulin secretion by modulating the opening

of a voltage-gated calcium channel in the pancreatic

b-cell (16,17). The included studies did not check the effect

of Mg supplementation on insulin secretion, although

they reported its effect on FPI. Overall, we did not

observe any significant effect of Mg on FPI but, during

subgroup analysis, a significant improvement in FPI was

observed in the HM population (P = 0.013). Hence, ade-

quate intracellular Mg levels may play an important role

in insulin secretion.

We did not find any beneficial effect of Mg supplemen-

tation on HbA1C during the overall and subgroup analy-

sis. This might be a result of the shorter treatment

duration. The actual effect of intervention on HbA1C can

be assessed with a treatment duration longer than 3–
4 months. Therefore, to determine the effect of Mg sup-

plementation on HbA1C, longer duration trials are

needed.

Serum Mg levels are reported to be associated with

improved serum levels of VLDL, LDL, HDL and TG (31–38).

Our results depict an overall beneficial effect of Mg on

TG, HDL and LDL. Significant variation was observed

among diabetic or nondiabetic populations, as well as

HM or NM populations, and also with ≤3 months or

>3 months of treatment duration. The results of the pre-

sent study show a positive effect of Mg supplementation

on diabetic dyslipidaemia, with a more pronounced effect

in HM patients. A beneficial effect of Mg supplementa-

tion on HDL and LDL can be obtained after short-term

usage, whereas long-term usage is required to obtain a

beneficial effect on TG. Hence, Mg supplementation may

produce a beneficial effect in diabetic dyslipidaemia. Our

results did not show any beneficial effect of Mg supple-

mentation (both overall and at subgroup levels) on TC

levels. Interestingly, we found a positive effect of Mg sup-

plementation on HDL levels in the NM population. This

may be because of considerable heterogeneity associated

with the subgroup or it could be related to the fact that

all treatment arms in NM subgroup had mean baseline

HDL levels ≤50 mg dL�1. Normal HDL levels ranges

from 40 to 60 mg dL�1. Mg supplementation may shift

these baseline values towards the higher side of the nor-

mal range. Nevertheless, our hypothesis needs clinical

validation.

As discussed earlier, an elevated BP also increases the

risk of CVD. During the meta-analysis, we found an

overall moderate beneficial effect of Mg supplementation

on SBP, although there was no effect on DBP, which may

be because of the high degree of heterogeneity associated

with the population. It is important to note that only

four studies were carried out in hypertensive subjects.

Hence, more trials need to be conducted in T2D patients

with HT to determine any beneficial effect of Mg on SBP

and DBP.

Subgroup analysis of different salt forms shows a sig-

nificant variable effect on various outcomes. This might

be the result of a quantitative interaction occurring dur-

ing the meta-analysis because more studies were con-

ducted with an inorganic salt form. Therefore, to increase

the power of the analysis and to assess the effect of the

dose of Mg on various confounders, we converted the

dose of all salts forms into their elemental Mg content.

Meta regression analysis showed an inverse association

between Mg dose and all outcomes (except FPI and

HbA1C). From the meta-analysis data, it was evident that

significant beneficial effects can be obtained with an ele-

mental Mg dose of 300–400 mg. Nevertheless, the

bioavailability aspect of different salts of Mg should be

considered before making any clinical decision.

There are several limitations of the present meta-analy-

sis that deserves attention.

First, the included studies had a small population size.

Second, although beneficial effects were observed in HM

populations, the majority of trials were either conducted

in NM or did not consider baseline serum Mg levels.

Third, fewer trials were conducted in HT patients. Hence,

although we observed an overall beneficial effect of Mg

supplementation on SBP, its effects in HT patients are

still uncertain. Fourth, during the meta-regression analy-

sis, we converted the dose of magnesium salts into their

elemental magnesium content, whereas we did not con-

sider the bioavailability aspects of different salts, therefore

possibly introducing biasness into the analysis. Organic

forms are reported to be more bioavailable than inorganic

forms because of a higher solubility in the gastrointestinal

milieu (72). Fifth, obesity is reported to be associated with

an increased risk of CVD (73), although the majority of

included trials did not correlate body weight to CVD,

which can be a potential source of bias. Finally, bias in

the results can also be introduced as a result of factors

affecting lipid levels within the body. These include renal

disease, hypothyroidism, genetically determined lipopro-

tein disorder, alcohol abuse and oestrogen replacement

therapy (10). Such factors were not considered in any of

the included studies.

Conclusions

The present meta-analysis indicates that Mg supplementa-

tion can produce a favourable effect on FPG, TG, HDL,

LDL and SBP in T2D patients with HM, although current
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research is not sufficient for making robust guidelines for

clinical practice. There is an urgent need for large RCTs

focussing on the many unexplored aspects of Mg supple-

mentation in T2D associated CVD. Noteworthy among

them are a consideration of body weight as a possible

confounder for CVD development, bioavailability aspects

of different salt forms of Mg, various conditions affecting

the lipid metabolism in the body and the effect of Mg

supplementation in T2D patients with HT.
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Supporting information

Additional Supporting Information may be found online

in the supporting information tab for this article:

Figure S1. Meta-regression analysis of the effect of ele-

mental magnesium dose on: (a) fasting plasma glucose,

(b) fasting plasma insulin, (c) glycated haemoglobin, (d)

total cholesterol, (e) high-density lipoprotein, (f) triglyc-

erides, (g) low-density lipoproteins, (h) systolic blood

pressure and (i) diastolic blood pressure (P < 0.05).

Figure S2. Meta-regression analysis of effect of dura-

tion of therapy on: (a) fasting plasma glucose, (b)
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fasting plasma insulin, (c) glycated haemoglobin, (d)

total cholesterol, (e) high-density lipoprotein, (f)

triglycerides, (g) low-density lipoproteins, (h) systolic

blood pressure and (i) diastolic blood pressure

(P < 0.05).

Figure S3. Funnel plots for assessment of publication

bias: (a) fasting plasma glucose, (b) fasting plasma insu-

lin, (c) glycated haemoglobin, (d) total cholesterol, (e)

high-density lipoprotein, (f) triglycerides, (g) low-density

lipoproteins, (h) systolic blood pressure and (i) diastolic

blood pressure (P < 0.05).

Table S1. Summary of the different studies included in

the systematic review.

Table S2. Assessment of the risk of bias in accordance

with the Cochrane risk of bias assessment tool.

Table S3. Subgroup analysis of various study outcomes at

a 95% confidence interval.

Table S4. Assessment of the risk of publication bias.
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Abstract

Background: Dietary modification is critical in the self-management of

chronic kidney disease. The present study describes the accuracy, quality

and health literacy demand of renal diet information for adults with kidney

disease obtained from the Internet and YouTube (www.youtube.com).

Methods: A comprehensive content analysis was undertaken in April and

July 2015 of 254 eligible websites and 161 YouTube videos. The accuracy of

the renal diet information was evaluated by comparing the key messages

with relevant evidence-based guidelines for the dietary management of peo-

ple with kidney disease. The DISCERN tool (www.discern.org.uk) was used

to evaluate the quality of the material. Health literacy demand was evaluated

using the Patient Education Material Assessment Tool (www.ahrq.gov/profes

sionals/prevention-chronic-care/improve/self-mgmt/pemat/index.html) and

seven validated readability calculators.

Results: The most frequent renal diet topic found online was generic dietary

information for people with chronic kidney disease. The proportion of renal

diet information obtained from websites that was accurate was 73%. How-

ever, this information was mostly of poor quality with extensive shortcom-

ings, difficult to action and written with a high health literacy demand. By

contrast, renal diet information available from YouTube was highly under-

standable and actionable, although only 18% of the videos were accurate,

and a large proportion were of poor quality with extensive shortcomings.

The most frequent authors of accurate, good quality, understandable, mate-

rial were government bodies, dietitians, academic institutions and medical

organisations.

Conclusions: Renal diet information found online that is written by govern-

ment bodies, dietitians, academic institutions and medical organisations is rec-

ommended. Further work is required to improve the quality and, most

importantly, the actionability of renal diet information found online.

Introduction

Chronic kidney disease affects more than 10% of adults

globally (1). A key component of the self-management of

chronic kidney disease (CKD) is adherence to the appro-

priate dietary prescription (2–4). However, the dietary

prescription for the management of CKD is considered

complex and challenging for many patients (5). Patients

report feeling ‘bewildered’ about the renal diet and often

find it difficult to follow (6). This is further compounded

by the nature of the diet prescription, which becomes more

complex and changes as CKD progresses (4).
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Adherence to the diet prescription is compromised not

only by its complexity, but also by other factors, which

include inadequate health literacy and cognitive impair-

ment. These factors are common in patients with

advanced CKD (7–10) and they can negatively impact upon

their ability to understand, apply and adhere to their diet

prescription. Adherence to the renal diet may be compro-

mised further if patients receive conflicting messages

about the renal diet from different members of the

nephrology team (11), or if the advice is in contrast to

their own beliefs about healthy food choices (5).

Patients (and their carers) often seek further information

or clarification about information provided by their health

professional from readily accessible online information

sources such as the Internet (12–16), or the most popular

online video sharing website, YouTube (www.youtube.c

om) (17). Evidence from the small number of studies inves-

tigating the technology used by people with CKD indicates

that 60% of adults with end stage kidney disease have con-

ducted online searches for health information (13). Further-

more, information on foods to avoid is a major focus of

online searches by people with CKD (18).

Surprisingly, there are few studies that have formally

evaluated online information for people with CKD. A

study by Garg et al. (19) evaluated 115 dialysis related

YouTube videos. The accuracy of these videos was

assessed using a range of relevant evidence-based guideli-

nes for the management of patients undertaking dialysis.

It was found that 16.5% of these videos were misleading

and 41.7% were inaccurate. A large proportion (68.4%)

of these videos also promoted unproven therapies. Other

content analysis studies of written health information for

people with CKD available online have found that infor-

mation is frequently written at a literacy level that exceeds

the health literacy skills of patients with CKD (20–22).

However, these previous studies did not specifically evalu-

ate the content or quality of renal diet information. An

important knowledge gap therefore remains. Thus, the

present study aimed: (i) to describe the main categories

of online renal diet information (i.e. information available

on websites and YouTube); (ii) to determine the propor-

tion of online renal diet information that was accurate

(-based); and (iii) to describe the quality and health

literacy demand of online renal diet information.

Materials and methods

This research was an exploratory study using a combina-

tion of desk-based methods used in previous content

analysis or health literacy demand studies (19,21,23–26). As a

result, ethics approval was not required.

A list of renal diet related search terms were con-

structed to search the Internet and YouTube (Table 1).

These search terms were constructed using professional

clinical judgement by three members of the research team

(KL, AK, LM) about potential search terms that could be

used when searching for information about the renal diet.

These terms were then discussed with, and informal feed-

back obtained, from individuals with chronic kidney dis-

ease (n = 3). Search terms were entered into the three

most popular search engines used in Australia: Google,

Yahoo and Bing (27). Potential websites for analysis were

restricted to the first seven pages of results for each search

term in accordance with recent content analyses (26). An

initial pilot search of YouTube using the first two search

term combinations yielded more than 97 000 potential

videos for evaluation. Therefore, potential videos for anal-

ysis were restricted to the first seven pages of results on

YouTube, and the search was confined to the first two

search terms, as shown in Table 1.

Exclusion criteria included those websites and YouTube

videos: (i) that were not in English; (ii) were not related

to kidney disease in humans; (iii) did not provide dietary

information for people with kidney disease; (iv) access

was prohibited as a result of password protection; (v)

information retrieved from websites was limited to less

than 150 words; or (vi) the video was not audible.

Information about the renal diet retrieved from web-

sites or YouTube was categorised into one of nine renal

diet topic categories (Table 1). Similarly, the authors of

the renal diet information were categorised into one of 10

categories, with two additional unique author categories

of ‘unclear sources’ and ‘patient testimonials’ (Table 1)

required for categorisation of YouTube videos based on

previous research (19).

The accuracy of renal diet information retrieved from

the Internet and YouTube was evaluated by an experienced

renal dietitian, Advanced Accredited Practising Dietitian

and first author (KL). Information was considered accurate

and therefore ‘evidence-based’ if the nutrient prescription

and/or the dietary recommendations were consistent with

the relevant evidence-based guidelines for the dietary man-

agement of kidney diseases (2,4,28–31). These evidence-based

guidelines were used because they represented the most up

to date recommendations for renal dietetic practice at the

time of the study. Using an approach that is consistent

with previous content analysis work (19), if the online infor-

mation evaluated contained partially accurate and partially

inaccurate information, then the information was classified

as inaccurate.

Evaluation of the quality renal diet information

The quality of the renal diet information obtained was

evaluated by two members of the research team (AK,

LM) using the DISCERN appraisal process and related

635ª 2017 The British Dietetic Association Ltd.

K. Lambert et al. Quality of online renal diet information

http://www.youtube.com
http://www.youtube.com


tool (www.discern.org.uk) (32). The DISCERN tool was

originally developed to enable consumers of health infor-

mation to evaluate the quality of written health informa-

tion (32). The tool allows users to evaluate the quality of

the information by reviewing whether the sources of evi-

dence within the health information are explicit; the

material is current, unbiased and reliable. Using this tool,

the overall quality of the information is scored using a

five-point Likert scale. An overall DISCERN quality rating

score of ‘2’ or below indicates the material is of poor qual-

ity and has serious or extensive shortcomings; a rating of

‘3’ indicates the material is of fair quality with potentially

important but not serious shortcomings; and a rating of ‘4’

or above indicates the material has minimal shortcomings

and is of good quality (32). In the present study, the

proportion of materials considered poor, fair and good

quality are reported.

Evaluation of the health literacy demand of renal diet

information

The Patient Education Materials Assessment Tool

(PEMAT) (www.ahrq.gov/professionals/prevention-chronic-

care/improve/self-mgmt/pemat/index.html) (33) was used

to evaluate the understandability and actionability of the

renal diet information obtained, which is referred to as

the ‘health literacy’ demand. According to the authors of

the tool, ‘understandability’ refers to health information

that is written in a manner that can be understood by

health consumers from diverse backgrounds and with

Table 1 List of search terms, renal diet categorisation and author types

Search terms Renal diet topic categories

Author categories

Internet-based search YouTube search

Kidney Disease Diet Miscellaneous (such as acute

kidney injury, immunoglobulin

A nephropathy, hypertension,

fluid restriction, low phosphate diet)

Academic [e.g. university or

academic body (e.g. ‘.edu’)]

Academic [e.g. university

or academic body

(e.g. ‘.edu’)]

Renal Disease Diet Diet information specifically

for people with kidney stones

Commercial enterprises Commercial enterprises

Kidney Foods Diet information specifically for

people with polycystic kidney

disease (PCKD)

Dietitians Dietitians

Special Renal Foods Diet information specifically for

people with chronic kidney disease

(no stage of CKD specified)

Government bodies

[e.g. National Institute of

Health (US) (e.g. ‘.gov’)]

Government bodies

[e.g. National Institute of

Health (US) (e.g. ‘.gov’)]

Chronic Kidney

Disease and Diet

Diet information specifically for

people considered ‘Predialysis’ i.e.

CKD stage 4 or 5

Media outlets (e.g. radio,

TV, newspaper)

Media outlets (e.g. radio,

TV, newspaper)

Polycystic Kidney

Disease and diet

Generic diet information for

people undertaking any type of

dialysis

Medical doctors Medical doctors

Dialysis and Diet Diet information specifically for

people undertaking peritoneal

dialysis

Medical organisations

[e.g. the National Kidney

Foundation or Kidney Health

Australia (e.g. ‘.org’)]

Medical organisations

[e.g. the National Kidney

Foundation or Kidney

Health Australia (e.g. ‘.org’)]

Dialysis and Food Diet information specifically for

people undertaking haemodialysis

Naturopaths Naturopaths

Kidney Transplant

and Diet

Diet information specifically for

people after kidney transplant

Patient support organisations

(e.g. ‘kidneybuzz.com’)

Patient support

organisations

(e.g. ‘kidneybuzz.com’)

Kidney Disease and

food

‘Other’ (e.g. wikis) ‘Other’ (e.g. wikis)

Kidney Transplant

and food

Unclear source

Kidney Failure and

Diet

Patient Testimonial

Kidney Disease

Treatment and Diet
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varying levels of health literacy (33). ‘Actionability’ refers

to health information that is written in a manner that

enables health consumers to easily identify what they

need to do, based on the information presented (33). The

PEMAT scores materials on a scale of 0–100, with a score

of 100% indicating higher ‘understandability’ and ‘action-

ability’, respectively. A score of greater than 70% has been

set by the authors of the tool as indicative of material

that is understandable and actionable (33). There are two

versions of the PEMAT (33): a version for written infor-

mation, which includes 17 criteria for assessing ‘under-

standability’ and seven criteria for assessing the

‘actionability’, and an audio-visual version of the PEMAT
(33), which includes 13 criteria for assessing ‘understand-

ability’ and four criteria assessing ‘actionability’. Each cri-

teria in both versions of the PEMAT is evaluated in a

binary fashion as either agree or disagree.

The literacy demand (readability) of the written diet

information retrieved from the websites in the present

study was assessed by cutting and pasting written material

into an online readability calculator (www.readabilityfor

mulas.com/free-readability-formula-tests.php.) (34). This

calculator provides an average of the estimated reading

age and grade level required to read the written material.

The average values are obtained by utilising seven previ-

ously validated reading formulas: the Flesch Reading Ease

formula (35); the Flesch Kincaid Grade Level (36); the

Gunning FOG formula (37); the SMOG Index (38); the

Coleman–Liau Index; the Automated Readability

Index (39); and the Linsear Write Formula (40).

Statistical analysis

All data were analysed using SPSS, version 21 (SPSS Inc.,

Chicago, IL, USA). Normality was assessed using the

Shapiro–Wilk test, with the data reported as median and

interquartile range (IQR). Wilcoxon rank sum or

Kruskal–Wallis tests were used to compare scores between

groups (such as understandability and actionability

between author types or between websites and YouTube).

P < 0.05 was considered statistically significant.

Results

Internet searches were conducted on the 20 April 2015

and YouTube searches on 2 July 2015. A total of 1125

websites and 280 YouTube videos were identified using

the keyword searches. After exclusion of duplicates and

ineligible sites or videos, 254 websites (Fig. 1) and 161

YouTube videos (Fig. 2) were eligible for analysis.

The most common categories of renal diet information

found on websites and YouTube are shown in Table 2.

Diet for CKD was the most common type of renal diet

information found on both websites and YouTube (39.8%

and 82.0%, respectively). The next most frequent renal diet

topic categories on websites were generic diet information

for dialysis (18.1%), followed by diet information for kid-

ney transplant (10.6%). By contrast, miscellaneous renal

information (9.9%) and diet for poly cystic kidney disease

(PCKD) (3.7%) were the second and third most frequent

renal diet topics on YouTube. Information on the diet for

patients considered predialysis was virtually non-existent

on YouTube (0.6%) and made up only a small proportion

of information from websites (6.3%).

Table 2 also indicates that 73.2% of the total number

of web pages evaluated (n = 254) contained accurate (i.e.

evidence-based) information. This was significantly higher

than the proportion of accurate renal diet information

found on YouTube (18.0%; P < 0.0001). For the most

common renal diet category (‘Diet for CKD’), the major-

ity of the information available from websites was accu-

rate (69.3%). By contrast, the majority of information for

this same category on YouTube was inaccurate (84.8%).

A high proportion of information on diet for PCKD was

inaccurate (87.5% for websites and 66.7% for YouTube).

Author categories with a high proportion of accurate

renal diet information online included academic, dietetic,

government, media outlets and medical organisations

(Table 3). Notably, however, YouTube did not contain

any videos from academic or government authors.

Although commercial organisations were the most fre-

quent authors of online renal diet information, they were

also a common source of inaccurate information. The

proportion of inaccurate renal diet information produced

by commercial sources was significantly higher on You-

Tube (94.1%) than from websites (43.4%; P < 0.0001).

Other common author sources of inaccurate material

were naturopaths or medical doctors, or material in the

form of patient testimonials. Further analysis of the com-

mercial authors on YouTube indicated that 89 (74.7%) of

all videos were produced by just two individuals (data

not shown).

Poor quality information with extensive or serious

shortcomings constituted approximately half of the renal

diet information evaluated on websites (49.6%) and You-

Tube (58.4%) (Table 4). The proportion of material from

websites considered to be of good quality was 26% and

almost all of this material was accurate (n = 65/66). By

contrast, the proportion of good quality material obtained

from YouTube was very small (11.8%) and 68.4%

(n = 13/19) was accurate.

Analysis of the health literacy demand of renal diet

information is also shown in Table 4. Information

obtained from websites was written at a median readabil-

ity level of Grade 10 (IQR = 9–12) and for a median

reader aged 14 years (IQR = 14–17) (Table 4).
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Readability levels of information from websites did not

differ according to accuracy.

Web-based information had significantly lower levels

of understandability (P < 0.0001) and actionability (P <
0.0001) compared to YouTube information. Material con-

sidered to be accurate and found on the Internet was sig-

nificantly less understandable than accurate information

found on YouTube (P < 0.0001). The only category of

renal diet information that scored above the PEMAT cut-

off of 70% for actionability was inaccurate information

found on YouTube.

Further examination of the health literacy demand

scores of renal diet information according to selected

author types are shown in Table 5. All authors with a

high proportion of accurate information had

understandability scores >70% (Table 5). Information on

YouTube produced by commercial organisations and

medical doctors was significantly more understandable

than information produced by the same author types

but available on websites (P < 0.0001). The only author

type from websites that scored >70% for actionability

was material authored by government bodies. YouTube-

based renal diet information that scored highly for

actionability was material authored by dietitians or

commercial organisations.

Discussion

High-quality, evidence-based health information is an

essential tool for educating patients about how to take a
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proactive role in the self-management of their health
(15,41). In the present study, we found that renal diet

information from websites and YouTube was dominated

by generic information about the diet for CKD. In addi-

tion, the proportion of renal diet information obtained

from websites and YouTube that was considered to be

accurate, of good quality, and with a low health literacy

demand was very low. The results of the present study

suggest that health professionals should only refer patients

to websites or YouTube for renal diet information if it is

accompanied with explicit guidance on how to locate the

relatively small number of appropriate high-quality, evi-

dence-based materials.

The findings of the present study regarding the quality

of online renal diet information provide a useful

contribution to the small body of content analysis litera-

ture in the area of nephrology. Our findings on readabil-

ity are consistent with previous work on the readability

levels of online CKD related material (21,22,42). However,

our research extends previous work in the CKD context

by evaluating the consistency of renal diet information

with evidence-based guidelines, as well as by analysing

this material with respect to the important and emerging

area of health information understandability and action-

ability (43). One of the key points from the present study

is that evidence-based renal diet information from web-

sites is written at a readability level of approximately

Grade 10 or a 14–15 year-old high school student. This is

more than three levels above the readability levels for

health materials recommended by bodies such as the
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National Institute of Health (44) and the Australian Clini-

cal Excellence Commission (45). Exceeding the minimum

requirements for plain language health information means

that patients (especially those with low health literacy)

may not be able to comprehend or use the renal diet

information found online to meet their needs (46).

Patients with CKD are actively engaged and looking for

CKD related information online (47). Indeed, health pro-

fessionals are often asked to contextualise or clarify online

information found by patients or carers of patients with

CKD (48,49). Consequently, we consider health profession-

als need to be proactive and help patients navigate the

often unruly structure of the Internet (50). However,

health professionals often report that they lack confidence

on how to instruct their patients to search for

appropriate information online (51,52). We have therefore

constructed a summary of the characteristics of good

quality, accurate renal diet information (Table 6). Table 6

has been developed using the results of the present study,

as well as frequently cited guidance on how to assess the

quality of medical information on the Internet (53). Links

to the websites and videos evaluated in the present study

that meet these criteria are also provided (https://smah.

uow.edu.au/medicine/contacts/UOW055691). Table 6 could

also be used by health professionals with patients in their

discussions regarding searching for appropriate renal diet

information on the Internet or YouTube.

One of the key results of the present study is the scarcity

of good quality online renal diet information that is both

understandable and actionable. This has important

Table 2 Comparison of the categories and proportion of accurate renal diet information obtained from Internet websites and YouTube

Categories of renal diet information

Internet websites (n = 254) YouTube videos (n = 161)

Accurate, n (%) Inaccurate, n (%) Total, n (%) Accurate, n (%) Inaccurate, n (%) Total, n (%)

Diet for CKD 70 (69.3) 31 (30.7) 101 (39.8) 20 (15.2) 112 (84.8) 132 (82.0)

Diet for Predialysis CKD 12 (75.0) 4 (25.0) 16 (6.3) 1 (100) 0 (0) 1 (0.6)

Generic diet information for dialysis 43 (93.5) 3 (6.5) 46 (18.1) 0 (0) 3 (100) 3 (1.9)

Diet information for peritoneal dialysis 5 (100) 0 (0) 5 (2.0) 0 (0) 0 (0) 0 (0)

Diet information for haemodialysis 13 (100) 0 (0) 13 (5.1) 0 (0) 0 (0) 0 (0)

Diet information for kidney transplant 23 (85.2) 4 (14.8) 27 (10.6) 1 (50.0) 1 (50.0) 2 (1.2)

Diet for Kidney Stones 11 (84.6) 2 (15.3) 13 (5.1) 1 (100) 0 (0) 1 (0.6)

Diet for PCKD 2 (12.5) 14 (87.5) 16 (6.3) 2 (33.3) 4 (66.7) 6 (3.7)

Miscellaneous 7 (41.1) 10 (58.8) 17 (6.7) 4 (25.0) 12 (75.0) 16 (9.9)

Total 186 (73.2) 68 (26.8) 254 (100) 29 (18.0) 132 (82.0) 161 (100)

Diet for CKD: diet information for chronic kidney disease (but with no stage of CKD specified); Diet for Predialysis refers to diet for people with

CKD stage 4 or 5; Generic diet information for people undertaking any type of dialysis; Generic diet information for people undertaking peri-

toneal dialysis; Diet information specifically for people undertaking hemodialysis; Diet for people with polycystic kidney disease (PCKD); Miscella-

neous: includes topics such as acute kidney injury, immunoglobulin A nephropathy, hypertension, fluid restriction, low phosphate diet.

Table 3 Analysis of the accuracy of renal diet information obtained from Internet websites and YouTube according to author type

Internet websites (n = 254) YouTube videos (n = 161)

Accurate, n (%) Inaccurate, n (%) Total, n (%) Accurate, n (%) Inaccurate, n (%) Total, n (%)

Academic 8 (100) 0 8 (3.1) 0 0 0

Dietitians 17 (100) 0 17 (6.7) 8 (100) 0 8 (5.0)

Government bodies 11 (100) 0 11 (4.3) 0 0 0

Other 2 (100) 0 2 (0.8) 0 2 (100) 2 (1.2)

Medical organisations 77 (89.5) 9 (10.5) 86 (33.9) 0 0 0

Media outlets 19 (86.4) 3 (13.6) 22 (8.7) 0 0 0

Commercial 39 (56.5) 30 (43.4) 69 (27.2) 8 (6.7) 111 (94.1) 119 (73.9)

Patient support organisation 4 (44.4) 5 (55.5) 9 (3.5) 5 (100) 0 5 (3.1)

Medical Doctors 2 (40.0) 3 (60.0) 5 (2.0) 5 (62.5) 3 (37.5) 8 (5.0)

Naturopaths 7 (28.0) 18 (72.0) 25 (9.8) 1 (100) 0 1 (0.6)

Unclear source 0 0 0 0 9 (100) 9 (5.6)

Patient Testimonials 0 0 0 2 (22.2) 7 (77.7) 9 (5.6)

Total 186 (73.2) 68 (26.8) 254 (100) 29 (18.0) 132 (82.0) 161 (100)
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implications for adherence by patients to the renal diet. In

the present study, only academic institutions, government

bodies, dietitians and medical organisations scored

strongly in terms of understandability and only govern-

ment bodies, scored well for actionability. However action-

able information is highly valued and preferred by patients

with CKD (6,11,54). This suggests that more attention is

required to the inclusion of simple, practical, actionable

instructions (e.g. including details on how to incorporate

the renal diet into family and social occasions). This would

theoretically enable all patients, not just those with inade-

quate health literacy or impaired cognition(55,56), to adopt

healthy renal diet behaviours (33,57). Designing renal diet

information that is actionable may also prevent patients

from searching for alternative (and possibly inaccurate)

information because the renal diet information they have

obtained contains clear instructions on what to change.

Designing more effective renal diet information that is

both understandable and actionable could therefore

increase patient knowledge, and address the key concerns

of patients. This may well be an important part of improv-

ing renal diet adherence (58).

A second key message from the present study is that

not all online information about the renal diet is accu-

rate. Therefore, renal diet information found online by

patients (particularly those obtained from YouTube) may

be contradictory to advice that they have received from

their health care team. This is problematic because it has

been observed that when people encounter conflicting

health information, substantial cognitive effort is required

to process the contradictory information (59) and this is

considered to lead to errors in judgement (60). As a result,

we therefore suggest that patients look for renal diet

information authored by dietitians, medical organisations,

academic institutions or government bodies because they

were the most common sources of accurate information.

Material from these organisations is preferred than mate-

rial authored by commercial organisations, naturopaths,

medical doctors or via patient testimonials because, in

the present study, they were frequently found to be inac-

curate. The consequences of following renal diet advice

that is inaccurate could be the consumption of inappro-

priate foods or the avoidance of potentially suitable

foods. This may result in reduced dietary variety and

quality in an already limited diet.

One of the strengths of the present study is the use of

validated tools to examine the quality and health literacy

demand of renal diet information found online. The DIS-

CERN tool was initially developed to enable patients to

rate the quality of written information materials about

treatment choices (32). However, it has subsequently been

shown to distinguish reliably between low and high-qual-

ity health publications, websites and patient education

materials (61,62). Similarly, the PEMAT has been shown to

have strong internal consistency, reliability and construct

validity (33). The DISCERN and PEMAT tools also allow

evaluation of how relevant the content is, as well as the

complexity and organisation of ideas, which represent key

features that readability formulas do not take into

account (63). Future research into the development of

tools to evaluate the increasingly complex range of multi-

media materials available online is required.

The limitations of the present study include the

cross-sectional nature. Information was also limited to

information in the English language only, and non-Eng-

lish material may be of a different quality. YouTube

search terms were also limited to only two combina-

tions for pragmatic reasons. It is also possible that the

Table 4 Analysis of the quality and health literacy demand of renal diet information obtained from Internet websites and YouTube

Internet websites (n = 254) YouTube videos (n = 161)

Accurate, n Inaccurate, n Total, n (%) Accurate, n Inaccurate, n Total, n (%)

Quality of information (evaluated using the DISCERN tool)

Poor quality with extensive or serious

shortcomings

60 66 126 (49.6) 6 88 94 (58.4)

Fair quality with potentially important but

not serious shortcomings

61 1 62 (24.4) 10 38 48 (29.8)

Good quality with minimal shortcomings 65 1 66 (26.0) 13 6 19 (11.8)

Health literacy demand (evaluated using online readability calculators and the PEMAT)

Readability, median grade level (IQR) 10 (9–11.3) 10 (9–12) 10 (9–12) - - -

Readability, median reader age (IQR) 14 (14–16) 14 (14–17) 14 (14–17) - - -

Understandability, median score, % (IQR) 77 (60–92)a 56 (42–75) 75 (50–87)b 100 (89–100)a 91 (88–100) 91 (88–100)b

Actionability, median score % (IQR) 50 (33–86) 33 (17–40) 40 (29–80)c 67 (33–100) 100 (66–100) 100 (66–100)c

IQR, interquartile range.

Values with the same superscript (a,b,c) are significantly different from each other at P < 0.0001.

A score of <70% indicates poor understandability or actionability.

641ª 2017 The British Dietetic Association Ltd.

K. Lambert et al. Quality of online renal diet information



key word combinations used for searching may not

reflect the Internet searching practices of all people

with kidney disease. Despite this, we consider the nat-

ure of the searches that we conducted to be

comprehensive. We did not specifically exclude com-

mercial organisations or other patient support organisa-

tions like previous content analysis studies (64,65). This

is because information from these sites may be used to

inform the decisions and change the dietary or health

behaviours of people with kidney disease (66) and, as

shown in the present study, information from these

sources makes up a substantial portion of the informa-

tion to be found.

Future work should be directed to increasing the num-

ber of accurate, high-quality renal diet information

resources online. One topic area for immediate action

would be renal diet information that clearly describes the

type of dietary changes required for predialysis patients.

Similarly, there is a paucity of accurate evidence-based

information online for people with PKCD. Research that

utilises the perspectives of patients with kidney disease

regarding the preferred content and format of renal diet

related information is also desirable. Further work investi-

gating how patients with chronic kidney disease make

sense of and implement complex renal diet related self-

management advice is also required, and could be used to

inform the design of future dietary self-management pro-

grammes and health information.

This comprehensive study of online renal diet informa-

tion has shown that renal diet information available

online is often of poor quality, with variable levels of

health literacy demand and is dominated by generic

information for people with CKD. Web-based searches

that are directed to renal diet information authored by

dietitians, medical organisations, academic institutions or

government bodies are recommended because these are

likely to be accurate. Future work is required to improve

the quality and reduce the health literacy demand of renal

Table 5 Analysis of health literacy demand of renal diet information obtained from Internet websites and YouTube according to selected author

types

Author

Understandability median score % (IQR) Actionability median score % (IQR)

Internet websites (n = 254) YouTube videos (n = 161) Internet websites (n = 254) YouTube videos (n = 161)

Authors with a high proportion of accurate information

Academic institutions 76 (55–87) – 57 (33–94) –

Government bodies 88 (83–99) – 83 (68–100) –

Dietitians 88 (80–100) 100 (95–100) 67 (38–100) 100 (47–100)

Medical organisations 81 (60–92) – 50 (33–100) –

Other authors

Commercial 58 (43–77)a 91 (89–100)a 40 (29–62)b 100 (66–100)b

Patient support organisations 50 (39–88) 88 (76–100) 33 (28–44) 33 (22–77)

Patient testimonials – 94 (85–100) – 67 (22–100)

Medical doctors 31 (5–62)c 89 (69–97)c 20 (11–62) 16.5 (0–52)

Naturopaths 58 (44–78) 89 (89–89) 33 (17–50) 0

A score of <70% indicates poor understandability or actionability.

Values with the same superscript (a,b,c) are significantly different from each other at P < 0.0001.

Table 6 Characteristics of good quality renal diet information

obtained from the Internet or YouTube

The information is accurate and evidence-based i.e. it is written or

created

(a) Dietitians,

(b) Medical organisations (e.g. ‘.org’),

(c) Academic institutions (e.g. ‘.edu’) or

(d) Government bodies (e.g. ‘.gov’)

The information clearly:

(a) Explains why the dietary changes are required,

(b) Does not refer to, or use anecdotal evidence to justify the sug-

gested changes,

(c) Supports advice with references to scientific research results or

evidence based guidelines,

(d) Explains why particular foods may need to be avoided or

restricted and

(e) Provides practical food or menu based substitutes for foods to

be avoided

The information provides specific details in layman’s terms about how

to incorporate the dietary changes suggested into existing eating

habits or into social eating occasions (i.e. it is understandable and

actionable)

(a) The information contains clear instructions on what actions the

person needs to take, in layman’s terms, with specific food or menu

examples and

(b) The information contains clear instructions on when dietary

changes are required, in layman’s terms, with specific food or menu

examples
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diet information online. Engaging with patients and

carers about the preferred format and content is also

suggested.
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Abstract

Background: The present study aimed to evaluate the nutritional status of

patients undergoing haemodialysis (HD) by comparing nutritional risk

scores with biochemical, anthropometric and body composition variables.

Methods: Eighty-five individuals [65.9% male, mean (SD) age 62 (14) years]

participated in a cross-sectional study. Global Objective Assessment (GOA)

and Modified Global Subjective Assessment (mGSA) scores, as well as bio-

chemical, anthropometric and body composition data, were collected using

standardised procedures.

Results: The prevalence of malnutrition ranged from 20.0% (% body fat by

electrical bioimpedance) to 95.3% (by GOA), depending on the indicator or

score used. According to the waist circumference, 61.2% of the individuals

presented abdominal obesity and visceral adipose tissue was excessive in

20% of them. Malnutrition diagnosis by GOA showed the relationship

between the anthropometric and body composition indicators, as assessed

by the extent that the ratings of risk nutritional/mild malnutrition and

mainly moderate malnutrition were accompanied by a significant decrease

in nutritional status and body composition variables. However, with respect

to categories of mGSA, no statistically significant differences were observed

for nutritional status and body composition variables. In the receiver opera-

tor characteristic curve analyses, mGSA and GOA were good indicators for

diagnosing malnutrition because both achieved an AUC > 0.5.

Conclusions: mGSA and GOA were more sensitive with respect to identify-

ing individuals at nutritional risk compared to the isolated anthropometric

indicators, thus indicating their utility in diagnostic malnutrition. However,

individuals at high nutritional risk also presented cardiometabolic risk, as

diagnosed mainly by central fat indicators, suggesting the application of

both malnutrition and cardiometabolic risk markers in HD patients.

Introduction

Protein-energy malnutrition (PEM) is highly prevalent in

individuals undergoing haemodialysis (HD) (1,2) because

of a reduced protein and energy intake, inflammation,

resistance to anabolic hormones such as insulin and

growth hormone, and the loss of amino acids and other

nutrients in the dialysate and catabolism of muscle

protein (1,3,4).

PEM is associated with increased morbidity and mor-

tality (5) and a worse quality of life in this population (6,7)

and so several indicators have been evaluated aiming to

assess the nutritional status of individuals undergoing

HD, such as the Subjective Global Assessment (SGA) (8),
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the malnutrition-inflammation score (9), anthropometric

and biochemical indicators and bioelectrical impedance

analysis (BIA) (10). However, no indicator is considered as

the gold standard (11) and therefore the combined use of

markers for assessing nutritional-inflammatory status in

HD individuals is suggested (12).

Thus, Kalantar-Zadeh et al. (13) developed Modified

Global Subjective Assessment (mGSA) as an alternative to

the classic anthropometric nutritional assessment for

chronic kidney disease. The mGSA is based on a clinical

assessment derived from rating scales calculated from a

brief history and physical examination (14), which assists

in predicting clinical outcomes associated with nutrition

under different conditions (15,16). The mGSA assimilates

the advantages of SGA and is a reproducible and vali-

dated method for assessing the nutritional status of indi-

viduals undergoing HD, in a practical manner and at low

cost (17,18).

The Global Objective Assessment (GOA) is underuti-

lised in individuals undergoing HD, even though it is a

rating numerical system that can identify malnutrition by

combining objective indicators of nutritional assessment.

Therefore, this could be more specific than mGSA (19),

although only one study has evaluated the relationship of

mGSA and GOA with direct objective measures (20).

The present study aimed to evaluate the nutritional status

of HD patients, comparing nutritional risk scores with bio-

chemical, anthropometric and body composition variables.

Materials and methods

Study sample

This cross-sectional study included 85 individuals (aged

20–86 years) undergoing HD, from a single dialysis centre.

Non-inclusion criteria were individuals who expressed no

interest in participating in the present study, or individuals

who had been undergoing HD treatment for less than

1 month, as well as those with hearing impairment, newly

implanted catheters, haemodynamic instability, as assessed

by the medical sector, or those who were unable to remain

standing for anthropometric evaluation. The study was

approved by the Ethics Committee in Human Research of

the Universidade Federal de Vic�osa (Reference number

27364314.8.0000.5153) and was conducted in accordance

with the guidelines of the Declaration of Helsinki. Written

informed consent was obtained from all patients.

Nutritional status and diagnosis

The clinical and nutritional status were assessed by mGSA,

GOA, albumin, anthropometry and body composition

assessment. The mGSA used was the adapted model pro-

posed by Kalantar-Zadeh et al. (13) for kidney dialysis

patients. We also completed a GOA score, as proposed by

Martins (19), for kidney dialysis patients. Serum albumin

was determined according to standard Labtest procedures

(Vista Alegre, Lagoa Santa, Brazil).

Anthropometry was performed approximately 30 min

after the end of the HD session, including dry weight

(kg), height (cm), waist (WC), hip and arm (AC) circum-

ferences, and skinfold thickness (ST) (triceps, biceps, sub-

scapular and suprailiac) in accordance with standard

procedures (21–23).

The determination of ST was taken using a caliper

(Model MGF 771, Cescorf, Porto Alegre, Brazil) and the

measurements were performed in triplicate (24). AC was

measured at the midpoint between the acromion process

of the scapula and the olecranon. At the time of measure-

ment, the upper limbs were positioned parallel to the

individual trunk. The measure was compared with the

reference values of US Hanes (25). The tricep ST and AC

measurements were used to calculate the arm muscle

circumference (26), adjusted-arm muscle area (27) and arm

fat area (25).

WC was obtained at the largest circumference, and the

measurement was carried out during the time of expira-

tion and analysed in accordance with the cut-off points

of the World Health Organization (WHO) (28), consider-

ing the risk of diseases associated with obesity, and also

in accordance with the International Diabetes Federation

(IDF) (29).

Hip circumference was measured at the gluteal region

corresponding to the most protuberant hips and buttocks

without tissue compression (23). From the division of WC

by hip circumference, the waist-hip ratio (WHR) was cal-

culated, with the adoption of the cut-off points recom-

mended by the WHO (28) for risk of cardiovascular

disease.

Body composition was also evaluated approximately

30 min after the end of HD session by BIA (model

BC150; Tanita, Tokyo, Japan). The physical constitu-

tion scale and visceral adipose tissue (VAT) were also

determined by BIA. In accordance with the manufac-

turer’s information, the VAT accumulation risk is calcu-

lated by estimating the VAT area via the BIA method

on the basis of magnetic resonance imaging. The physi-

cal constitution scale assesses muscle and body fat levels

and, from these results, one of nine body types is

selected.

The sum of triceps, biceps, subscapular and suprailiac

ST (sum of four skinfolds thickness; Σ4ST) according to

the formula of Durnin and Womersley (30) for determin-

ing body fat percentage was derived using the equation of

Siri (31).

Subjects were classified according to the presence, or

not, of malnutrition by different indicators, regardless
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of intensity of nutritional impairment. The criteria

adopted for the diagnosis of malnutrition were:

• mGSA: Nutritional risk/mild malnutrition (9–23
points), moderate malnutrition (24–31 points), severe

malnutrition (32–39 points) or very serious malnutrition

(≥40 points) (13);

• GOA: Nutritional risk/mild malnutrition (≥7
points), moderate malnutrition (13–18 points) or severe

malnutrition (≥19 points) (19);

• Body mass index (BMI): <18.5 kg m–2 for adults, in

accordance with the cut-off points established by the

World Health Organization (32) and BMI <22 kg m–2 for

the elderly, in accordance with the cut-off points estab-

lished by Lipschitz (33);

• AC, Arm muscle circumference and Triceps ST:

<90% of adequacy, taking the 50th percentile as refer-

ence, according to age and sex for the population (25,34).

The categories for the diagnosis were: severe malnutrition

<70%, moderate malnutrition 70–80% and mild malnu-

trition 80–90%, according to Blackburn and Thornton
(35).

• Adjusted-arm muscle area: <15th percentile. The

15th percentile was used as reference according to

age and sex (34), including the categories: severe

malnutrition <5th percentile and mild/moderate

malnutrition >5th and <15th percentile, according to

Frisancho (25).

• Arm fat area: <25 percentile according Rombeau

et al. (36), considering the 25th percentile for age and sex,

proposed by Frisancho (34).

• Body fat: Body fat percentage (BF%) by BIA, accord-

ing to sex and sex. Females: 18–39 years <21%; 40–59 years

<23% and 60–99 years <24%; Males: 18–39 years <8%;

40–59 years <11% and 60–99 years <13% (37,38).

• Albumin: <4.0 g dL�1 (39).

• Normalised protein equivalent of nitrogen appear-

ance (nPNA) was calculated from the Kt/V urea and

serum urea (39). A value of nPNA was considered as nor-

mal when ≥1.0 (40).

With respect to being overweight and cardiometabolic

risk, the criteria considered were :

• BMI: >25.0 kg m–2 for adults, in accordance with

the cut-off points established by the World Health Orga-

nization (32) and BMI >27 kg m–2 for the elderly, in

accordance with the cut-off points established by

Lipschitz (33);

• WC: high risk for metabolic complications: ≥80 cm

for women and ≥94 for men and very high risk: ≥88 cm

for women and ≥102 for men, in accordance with the

cut-off points established by the WHO (28) and ≥80 cm

for women and ≥90 cm for men, in accordance with the

IDF (29).

• WHC: >0.85 for women and >1.0 for men, in accor-

dance with the WHO (28).

• Body fat: BF% by BIA, according to sex and age.

Females: 18–39 years >33%; 40–59 years >34% and 60–
99 years >36%; Males: 18–39 years >20%; 40–59 years

>22%; and 60–99 years >25%. BF% by Σ4ST, according
to sex and age. Females: 18–34 years >35%; 35–55 years

<38%; and >55 years >35%; Males: 18–34 years >22%;

35–55 years >25%; and >55 years >23% (37,38).

• VAT: Excessive levels: scale 13–59.

• Physical constitution scale: Body types 1, 2 and 3.

Statistical analysis

Statistical analysis was performed using SPSS, version 20.0

(SPSS, Inc., Chicago, IL). Data are expressed as frequen-

cies, mean (SD) or median and interquartile ranges,

depending on the variable’s distribution, and as con-

firmed by the Shapiro–Wilk test.

To compare the variables of nutritional status and body

composition according to the categories of mGSA and

GOA, analysis of variance was performed complemented

by Hochberg’s GT2 test or Games–Howell; or the

Kruskal–Wallis test complemented by Bonferroni correc-

tion in accordance with the variable’s distribution. The

difference between the frequency of malnutrition accord-

ing to sex and age, for the different indicators of evalua-

tion, was observed using Pearson’s chi-squared test or

Fisher’s exact test. An analysis of the receiver operator

characteristic (ROC) curve was made using Kt/V urea as

HD success. P < 0.05 was considered statistically

significant.

Results

The prevalence of malnutrition ranged from 20.0% to

95.3% when diagnosed, respectively, by the BIA and GOA

(Fig. 1). mGSA and GOA diagnosed the hightest percent-

ages of malnutrition (89.4% and 95.3%, respectively).

Arm fat area and triceps ST comprised the indicators that

identified a higher prevalence of malnutrition (78.3% and

82.1%, respectively).

Malnutrition occurrence using AC, arm muscle circum-

ference, adjusted-arm muscle area, arm fat area and

nPNA was significantly higher among men compared to

women (Fig. 1). When comparing the frequency of mal-

nutrition by age, a higher prevalence of malnutrition

among the elderly was indicated by BMI classification

and nPNA (Fig. 1).

When we evaluated being overweight and car-

diometabolic risk in the sample, we found that 20.0%

were overweight by BMI. Some 22.4% of the individuals
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presented as being at high risk and 23.5% as being at very

high risk of metabolic complications associated with cen-

tral obesity by WHO criteria (28), with the occurrence of

very high risk being more relevant among women

(20.0%, WC ≥ 88 cm). By the IDF (29), 61.2% of the

individuals presented abdominal obesity. According to

the WHR, 52.9% had a risk of cardiovascular disease,

with a higher frequency for females (Table 1).

The BF% obtained by the Σ4p method identified,

respectively, a lack of and excess fat in 22.7% and 48.8%

of individuals. The prevalence of the body fat excess cate-

gory was statistically higher among males. With regard to

age, the frequencies of body fat scarcity and obese cate-

gories were higher in adults and elderly, respectively

(Table 1).

According to BIA, 20.0% of individuals showed a lack

of fat and 23.5% showed fat excess. By the physical con-

stitution scale, 15.3% of the individuals were classified as

being underweight and 28.2% as overweight; 20% had

excessive levels of visceral fat, and the prevalence of this

category was statistically higher among elderly individuals

(Table 1).

Table 2 shows anthropometric and body composition

variables of HD patients, according to malnutrition diag-

nosis by the GOA. In this sense, the BMI was reduced

across adequate, risk of malnutrition and malnutrition

diagnosis levels. Values of WC, fat mass and visceral fat

levels from BIA were significantly lower in malnourished

subjects compared to those who had adequate levels or

were at risk of malnutrition. The physical constitution

scale and nPNA were significantly lower in malnourished

subjects compared to those with adequate values. We also

performed a comparison between anthropometric and

body composition variables across malnutrition diagnosis

using the mGSA (Adequate and Nutritional risk/mild mal-

nutrition) and there were no statistically significant differ-

ences between groups for any variable (data not shown).

Finally, ROC curve analysis was used to confirm the

sensitivity of mGSA and GOA in relation to successful

HD, as evaluated by Kt/V urea. The ROC curve is a line

graph that plots the probability of a true positive result

(test sensitivity) versus the probability of a false positive

result for a number of different cutoff.

Thus, the AUC was 0.658 [95% confidence interval

(CI) = 0.519–0.797] for arm muscle circumference, 0.644

(95% CI = 0.506–0.781) for adjusted arm muscle area,

0.536 (95% CI = 0.390–0.682) for BMI, 0.530 (95%

CI = 0.381–0.678) for BF% by BIA, 0.526 (95%

CI = 0.316–0.616) for GOA and 0.524 (95% CI = 0.288–
0.591) for mGSA (Fig. 2).

Discussion

The present study aimed to evaluate the clinical and

nutritional status and body composition of individuals

undergoing HD, with an emphasis on a comparison

between the diagnoses provided by biochemical and clas-

sic anthropometric indicators and those obtained by

GOA and mGSA. A higher frequency of malnourished

individuals was observed when using the GOA (95.3%)

and this was lower using the BIA (20.0%). After the GOA

and mGSA, the arm fat area and triceps ST indicators

Figure 1 Malnutrition prevalence in haemodialysis patients by sex and age, according to different indicators (n = 85). mGSA, modified global

subjective assessment; GOA, global objective assessment; BMI, body mass index; AC, arm circumference; AMC, arm muscle circumference; ST,

skinfold thickness; AAMA, adjusted-arm muscle area; AFA, fat arm area; BIA, electrical bioimpedence; nPNA, normalised protein equivalent of

nitrogen appearance.*#P < 0.05 by Pearson’s chi-squared test or Fisher’s exact test for comparision between sex and age.
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detected, similarly, a higher prevalence of malnutrition,

showing that these anthropometric indicators of fat

reserves were also more sensitive.

This result is similar to those described previously in

previous studies (41,42). However, several factors influence

the variation in the prevalence of malnutrition in the dif-

ferent studies. Among the differences between the coun-

tries where the studies are carried out, it is possible to

note sample heterogeneity and a diversity in eating pat-

terns, socio-economic status and comorbidities (43), and

also the various factors that contribute to the develop-

ment of malnutrition (41), as well as the dose and HD

conditions (44).

The mGSA is a full quantitative method, adapted and

validated for the diagnosis of PEM in individuals on dial-

ysis and is related to morbidity and mortality in this pop-

ulation (13,45,46). The GOA, has the same function as the

mGSA; however, it is rarely used to assess the nutritional

status of individuals undergoing HD. Thus, it should be

applied in association with mGSA, and it is important to

check the relationship of the diagnosis provided by both

methods with other objective indicators.

The categorical classification of GOA showed a rela-

tionship with the evaluated indicators to the extent that

the ratings of nutritional risk/mild malnutrition and

mainly moderate malnutrition were accompanied by a

Table 1 Overweight and cardiometabolic risk prevalence in haemodialysis patients by gender and age, according to anthropometric indicators

and bioelectrical impedance (n = 85)

Total Female Male

P

Adult Elderly

P

(n = 85) (n = 29) (n = 56) (n = 33) (n = 52)

n (%) n (%)* n (%)* n (%)* n (%)*

BMI

Underweight 21 (24.7) 7 (8.2) 14 (16.5) 3 (3.5)a 18 (21.2)b

Normal weight 47 (55.3) 14 (16.5) 33 (38.8) 0.435 24 (28.2)a 23 (27.1)a 0.015

Overweight 17 (20.0) 8 (9.4) 9 (10.6) 6 (7.1)a 11 (12.9)a

WC (WHO, 1998) (26)

No risk 46 (54.1) 3 (3.5)a 43 (50.6)b 19 (22.4) 27 (31.8)

High risk 19 (22.4) 9 (10.6)a 10 (11.8)a <0.001 7 (8.2) 12 (14.1) 0.872

Very high risk 20 (23.5) 17 (20.0)a 3 (3.5)b 7 (8.2) 13 (15.3)

WC (IDF, 2005) (27)

Adequate 33(38.8) 3 (3.5) 30 (35.3) <0.001 16 (18.8) 17 (20.0) 0.145

Inadequate 52 (61.2) 26 (30.6) 26 (30.6) 17 (20.0) 35 (41.2)

WHR

No risk 40 (47.1) 2 (2.4) 38 (44.7) <0.001 19 (22.4) 21 (24.7) 0.122

Risk 45 (52.9) 27 (31.8) 18 (21.2) 14 (16.5) 31 (36.5)

BF% Σ4ST

Not recommended 5 (6.0) 0a 5 (6.0)a 1 (1.2)a 4 (4.8)a

Scarcity 14 (16.7) 4 (4.8)a 10 (11.9)a 10 (11.9)a 4 (4.8)b

Normal 24 (28.6)a 12 (14.3)a 12 (14.3)a 0.011 11 (13.1)a 13 (15.5)a 0.029

Excess 17 (20.2) 1 (1.2)a 16 (19.0)b 6 (7.1)a 11 (13.1)a

Obesity 24 (28.6) 11 (13.1)a 13 (15.5)a 5 (6.0)a 19 (22.6)b

BF% BIA

Fat lack 17 (20.0) 5 (5.9) 12 (14.1) 8 (9.4) 9 (10.6)

Healthy 48 (56.5) 19 (22.4) 29 (34.1) 17 (20.0) 31 (36.5)

Fat excess 16 (18.8) 3 (3.5) 13 (15.3) 0.402 7 (8.2) 9 (10.6) 0.752

Obese 4 (4.7) 2 (2.4) 2 (2.4) 1 (1.2) 3 (3.5)

Physical constitution scale BIA

Weight low 13 (15.3) 3 (3.5) 10 (11.8) 7 (8.2) 6 (7.1)

Healthy weight 47 (55.3) 19 (22.4) 28 (32.9) 0.509 15 (17.6) 32 (37.6) 0.280

Overweight 24 (28.2) 7 (8.2) 17 (20.0) 10 (11.8) 14 (16.5)

Visceral fat level BIA

Healthy level 68 (80.0) 26 (30.6) 42 (49.4) 0.109 32 (37.6) 36 (42.4) 0.002

Excessive level 17 (20.0) 3 (3.5) 14 (16.5) 1 (1.2) 16 (18.8)

BMI, body mass index; BF, body fat; BIA: electrical bioimpedance; WC, waist circumference; WHR, waist-hip ratio; Σ4p, sum of four skinfolds

thickness.

*In the total sample. P represents Pearson’s chi-squared test or Fisher’s exact test.

Values followed by different superscript letters within a column are significantly different (P < 0.05). Where there was no statistically significant

difference, the letter was omitted.

The values of p in bold mean that they were less than 0.05 in the statistical tests.
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significant decrease in the values of anthropometric and

body composition variables. Morais et al. (20) also found

a positive correlation of GOA only for BMI in 44 adults

and elderly undergoing HD, although GOA was not

related to three biochemical markers (serum albumin,

transferrin and lymphocyte total count).

We did not identify this relationship across mGSA classifica-

tion. The same outcome was observed in other studies (10,47).

This result can be explained by the fact that mSGA is

qualitative and a more sensitive method for the diagnosis of

malnutrition. By taking into consideration objective variables,

the GOA becomes a more specific method, and presents a bet-

ter correlation with the studied variables.

In the ROC curve analyses, mGSA and GOA were good

indicators for diagnosing malnutrition because both

achieved an AUC >0.5 in relation to successful HD by

Kt/V urea. Given these results, these nutritional risk

scores are useful indicators for the nutritional diagnosis

in HD individuals.

Three methods (Σ4ST, BIA and the physical constitution

scale) were used to evaluate health risk by body fat excess

and indicated categories of adiposity below the desired

level, which is an advantage when assessing individuals

undergoing HD because the body fat reserves appear to

offer protection against treatment exploitative conditions
(48) and the lack of fat tissue, which is indicative of malnu-

trition, is a factor that contributes for mortality (49).

Despite the possible protection offered by weight

excess, studies have shown that HD obese patients had

lower scores of quality of life compared to other indivi-

duals (50). Furthermore, central fat has been associated

with cardiometabolic disorders (51), cardiovascular events
(52) and mortality in these individuals.

Thus, in addition to using different indicators for the early

diagnosis of nutritional risk, the assessment of

Table 2 Anthropometric and body composition variables of haemodialysis patients, according to malnutrition diagnosis by the Global Objective

Assessment (n = 85)

Variables

Adequate

nutrition (n = 4)

Nutritional risk/mild

malnutrition (n = 75)

Moderate

malnutrition (n = 6) P

BMI (kg m–2) 28.9 (4.1)a 23.6 (3.3)b 18.4 (1.0)c <0.001

AC (cm) 32.2 (5.2a 27.5 (3.6)b 26.83 (4.1)a.b 0.043

Arm muscle circumference (cm) 27.7 (3.3) 24.3 (2.9) 24.2 (4.9) 0.111

Adjusted-arm muscle area (cm2) 54.5 (37.2–68.5) 39.4 (32.1–44.0) 34.5 (26.0–47.7) 0.134

Arm fat area (cm2) 18.4 (8.8–28.7) 10.8 (7.2–15.2) 6.1 (4.6–15.1) 0.097

Triceps ST (mm) 15.1 (7.2–20.9) 9.6 (6.8–14.0) 5.0 (3.8–15.5) 0.165

WC (cm) 98.8 (8.8)a 90.2 (9.4)a 76.3 (5.6)b <0.001

WHR 0.97 (0.95–1.00)a.b 0.98 (0.92–1.02)a 0.89 (0.84–0.93)b 0.033

Fat mass Σ4ST (kg) 23.1 (7.1)a 14.3 (5.6)b 8.8 (6.1)b 0.001

Lean mass Σ4ST (kg) 46.3 (5.3) 46.6 (9.5) 43.0 (7.5) 0.604

Fat mass BIA (kg) 23.7 (1.3–31.3)a 13.4 (9.4–17.6)a 6.2 (3.4–8.5)b 0.002

Lean mass BIA (kg) 43.4 (5.4) 44.8 (9.1) 42.9 (5.6) 0.845

Visceral fat level BIA 12.8 (2.2)a 9.3 (4.0)a 6.5 (1.4)b 0.047

Physical constitution scale BIA 2.0 (2.0–2.8)a 5.0 (2.8–5.0)a.b 7.0 (4.0–7.0)b 0.017

Albumin (g dL�1) 4.5 (4.2–4.7) 4.1 (3.9–4.3) 4.1 (4.0–4.3) 0.074

nPNA (g kg�1 dia�1) 1.3 (0.1)a 1.1 (0.2)a.b 0.9 (0.2)b 0.031

AC, arm circumference; BMI, body mass index; BIA, electrical bioimpedance; BF, body fat; nPNA, normalised protein equivalent of nitrogen

appearance; ST, skinfold thickness; WC, waist circumference; WHR, waist-hip ratio; Σ4ST, sum of four skinfolds thickness.

Values expressed as the mean (SD) or median and interquartile range, according to the data distribution.

P represents analysis of variance, complemented by Hochberg’s GT2 test, or a Games-Howell or Kruska–Wallis, complemented by Bonferroni cor-

rection.

Values followed by different superscript letters are significantly different (P < 0.05). Where there was no difference, the letter was omitted.

The values of p in bold mean that they were less than 0.05 in the statistical tests.

Figure 2 Receiver operator characteristic curve for different variables

of malnutrition in relation to successful haemodialysis (by Kt/V urea).

BMI, body mass index; %BF BIA, percentage of body fat by electrical

bioimpedance; GOA, global objective assessment; mGSA, modified

global subjective assessment.
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cardiometabolic risk also becomes important. In this sample,

despite the high risk of malnutrition, the presence of car-

diometabolic risk was indicated using different methods.

According to the WHR, 52.9% had a risk of cardiovas-

cular disease and, by WC, 61.2% were at risk of diseases

associated with obesity. Moreover, among these patients

with a high WHR, none had excessive body fluids and,

for this reason, water retention did not influence the

measurement and, because there was no interference,

WHR may be used without the risk of misinterpretation

(data not shown).

Recent studies have stressed that the type and fat distri-

bution, rather than total fat, is a determinant of long-

term risk factor complications (53) and increased muscle

mass reserves and body fat are shown to be protective (54).

These studies suggest that an assessment of the body

composition and especially the regionalisation of the body

fat of these individuals is important because, in the pre-

sent study, 20.0% had a high VAT and, from all patients

with adequate BMI levels, 17% showed a high VAT.

In this context, BIA is a non-invasive method with high

reproducibility and specificity (55,56) and assesses the dry

weight (57,58), body composition, nutritional status (59,60)

and hydration of HD individuals (61,62).

The recommendation is that BIA is used as a comple-

mentary diagnostic tool for assessing the nutritional sta-

tus of individuals undergoing HD, as associated with

subjective methods, as well as anthropometric and classi-

cal biochemical indicators (63). In addition, BIA can be an

important tool for decision-making related to weight

changes in individuals undergoing HD (64), allowing the

nutritional advice to be improved upon and adjusted

from the results obtained (65).

Considering the results obtained in the present study, as

well as the information extracted by the mGSA and GOA,

and the possibility that they report the nutritional diagno-

sis, their indication as preferred methods for identifying

malnutrition in HD patients is confirmed. On the other

hand, when the evaluation focuses on identifying over-

weight individuals and characterising body composition,

BIA assumes a significant role in the nutritional diagnosis.

Conclusions

The mGSA and GOA were the most sensitive indicators

for identifying individuals at malnutrition risk compared

to the isolated anthropometric indicators. Thus, mGSA

and GOA are applicable indicators for evaluation of

elderly and adults in HD, and should preferably be used

together to detect malnutrition because they are comple-

mentary and showed good agreement with each other.

Moreover, the same individuals at high nutritional risk

presented the occurrence of cardiometabolic risk, as

diagnosed by different methods, with an emphasis on

those that assessed central fat distribution. In addition,

BIA comprised a useful tool complementing the nutri-

tional diagnosis of these individuals, making it possible to

evaluate the regionalisation of fat and hydration status.
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Abstract

Despite the significance placed on lifestyle interventions for obesity manage-

ment, most weight loss is followed by weight regain. Psychological concepts

of habitual behaviour and automaticity have been suggested as plausible

explanations for this overwhelming lack of long-term weight loss success.

Interventions that focus on changing an individual’s behaviour are not usu-

ally successful at changing an individual’s habits because they do not incor-

porate the strategies required to break unhealthy habits and/or form new

healthy habits. A narrative review was conducted and describes the theory

behind habit formation in relation to weight regain. The review evaluated

the effectiveness of using habits as tools to maintain weight loss. Three

specific habit-based weight loss programmes are described: ‘10 Top Tips’,

‘Do Something Different’ and ‘Transforming Your Life’. Participants in

these interventions achieved significant weight loss compared to a control

group or other conventional interventions. Habit-based interventions show

promising results in sustaining behaviour change. Weight loss maintenance

may benefit from incorporating habit-focused strategies and should be

investigated further.

Introduction

Weight loss maintenance

In obesity, even modest weight loss is associated with sig-

nificant health benefits, especially when maintained over

time (1). A systematic review and meta-analysis of 26 ran-

domised controlled trials (n = 2899 participants) reported

that a 5–10% reduction in body weight in overweight or

obese individuals was associated with significant improve-

ments in low-density lipoprotein cholesterol, total choles-

terol, blood pressure, blood glucose and other health

indices (2,3). If the lost weight is not regained, these health

benefits appear to be sustained (4). A weight loss of 10–
15% body weight has even greater benefits (5). Achieving

an ideal weight is not essential for an individual to attain

these health benefits (6).

Among participants from the National Weight Control

Registry (NWCR) who have maintained their weight loss

for a number of years (n = 784), over 90% reported

improvement in their overall quality of life, mobility, level

of energy, general mood and self-confidence (7). Further-

more, a randomised controlled trial of 588 overweight or

obese individuals reported that reductions in weight at

12 months were associated with improvements in overall

wellbeing, depression and anxiety, as well as ratings of

self-control and vitality (8). These findings are consistent

with previous studies investigating the impact of weight

change on various factors relating to quality of life (9). A

cross-sectional longitudinal study (n = 4601) showed a

significant association between excess weight and lower

quality of life scores (10) and a randomised, parallel group

trial of 423 participants showed predictability between

lower weight and better quality of life regardless of the

weight loss intervention (11).

The first 2–5 years after weight loss is the most vulner-

able time for weight regain. Maintaining weight loss dur-

ing those first few years decreases the risk of successive

regain by 50% (12). Consequently, individuals who man-

age to maintain their weight loss for more than 2 years

have a significantly greater chance of keeping the weight
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off long-term (7). However, considering that the majority

of overweight or obese individuals will regain most of the

weight lost, understanding and addressing the determi-

nants for weight regain is essential for successful weight

loss maintenance interventions. No single theory can fully

explain decision-making in health behaviour; therefore,

considering multiple perspectives is essential (13).

Conventional interventions and outcomes

A wide range of interventions are available for treating

overweight and obese individuals. These can be classified

into three general categories: surgical, pharmacological

and lifestyle.

Bariatric surgery has seen the most success with weight

loss maintenance (14). However, only a small number of

individuals qualify for surgical interventions as a result of

guideline recommendations that surgical candidates have

a body mass index (BMI) of at least 40 kg m�2 or a BMI

between 35 and 39 kg m�2 and have experienced at least

one serious obesity-related comorbidity. These guidelines

are a result of the significant risk of morbidity and

mortality associated with bariatric surgery (1).

Pharmacotherapy treatment (such as prescription medi-

cation that supresses the appetite or inhibits fat absorp-

tion) is generally prescribed for no longer than 12 weeks

because of adverse side effects such as insomnia, dizzi-

ness, headaches, stomach aches and an increased risk of

heart disease and stroke (15). Consequently, pharma-

cotherapy studies show a general short-term weight

reduction and an invariable weight regain as a result of

the short treatment period (14).

Finally, lifestyle interventions (which constitute the

foundation of any weight-management program) present a

consistent regain of weight lost, with approximately 40% of

weight being regained over the first year after treatment

and much of the rest over the subsequent 3 years (1,14).

Understanding and addressing the determinants for weight

regain in lifestyle interventions is therefore essential for

successful weight loss maintenance interventions.

There is extensive evidence that behaviour can be effec-

tively modified through behaviour change interventions;

however, evidence for the sustainability of this change is

limited (16). Simply knowing what diet and exercise beha-

viours are necessary for long-term weight loss success

does not equate to a healthy diet or loss of weight. In

recent years, studies in psychology have provided strong

evidence to suggest that unconscious, automatic processes

strongly influence our behaviour (17). This evidence of

unconscious behaviour and automaticity has led to exten-

sive research in the area of habits, the intention–be-
haviour gap, automaticity and behavioural flexibility. We

discuss the theory of these novel determinants, search for

weight loss interventions that use these behaviour change

techniques, and evaluate the effectiveness of using these

techniques as tools to maintain weight loss in adults.

Habits

According to a systematic review of 100 theoretical expla-

nations for the maintenance of behaviour change, the

brief theoretical explanation for a habit is when someone

is effective in maintaining behaviours that have become

habitual and are supported by automatic responses to

relevant cues (16).

Habits are generally formed by repeating a behaviour

until it has become more or less automatic (18). By repeat-

ing behaviour in a consistent context, we forge a direct link

in memory between the context and response (19). There-

fore, we learn to associate the behaviour triggered by that

setting; this process is termed ‘context-dependent repeti-

tion’. This reinforces a mental context–behaviour associa-
tion, such that alternative options become less accessible in

memory (20); eventually, the mere perception of the context

automatically triggers the responding behaviour (21,22).

Habit formation involves a gradual shift in cognitive con-

trol from intentional to automatic processes (18). This is

why a habit is defined as an action that has been triggered

automatically in response to a contextual cue associated

with its performance (23). Approximately 45% of everyday

behaviours are repeated in the same location (24,25). Daily

life consistently exposes people to numerous cues triggering

wanted and unwanted habits.

To illustrate habit formation and how it relates to dietary

intake, imagine that each time a person goes home in the eve-

ning, they eat a snack. When they first eat the snack, a mental

link is formed between the context (getting home) and their

response to that context (eating a snack). Every time they sub-

sequently snack in response to getting home, this link

strengths, to the point that getting home prompts them to eat

a snack automatically; a habit has been formed (23).

We make over 200 food decisions per day (26). Most of

these decisions appear to be ‘automatic’ or habitual, which

means that we unconsciously eat without reflection, delib-

eration or any sense of awareness of what or how much

food we select and consume (18,26,27). Therefore, as a result

of the lack of thought required to perform a habit, habitual

behaviours over-ride intention (27). The sight of the televi-

sion remote control can derail a plan to exercise; the notifi-

cation of a new e-mail can trigger the common habit of

procrastinating on the Internet (22). The ubiquitous effect

of habits in everyday behaviour is a key to understanding

the struggles that people recurrently experience in changing

their lifestyles. Failed attempts at changing diet and exercise

behaviour are typical (8). Such failures are common consid-

ering that cues such as location and time of day both
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trigger repetition of usual responses (22). A lack of will

power or poor knowledge of health is not necessarily an

indicator for failures to change but, instead, may indicate

the power of situations to trigger past responses. Although

people are free to act in nonhabitual ways, everyday

demands such as time pressures and distractions reduce the

capacity to engage in reflective thought; therefore, people

tend to rely on eating habits (28). In a qualitative investiga-

tion of 11 adults, automatic behaviour patterns were iden-

tified as a perceived cause of weight gain (29). Habits keep

us operating in the way we have always done, despite our

best intentions to act otherwise.

Intention–behaviour gap

Social psychology theories suggest that forming a goal

intention (e.g. ‘I intend to eat healthily’) is imperative in

promoting behaviour change and goal attainment (30).

However, a recent meta-analysis (n = 22 studies) of healthy

eating and physical activity habits showed that the stronger

an individual’s habit strength, the less impact their inten-

tions had on their actions (31). Although individuals

develop an intention to change their health behaviour, they

might not take any action; this discrepancy is called the

‘Intention-behaviour gap’(32). A cross-sectional study

(n = 538) integrated habit strength in the theory of

planned behaviour aiming to understand participants’ fruit

consumption. The findings obtained showed that stronger

fruit consumption habits made fruit consumption less

intentional(33). Therefore, participants with strong habits of

fruit consumption ate fruit as a result of their habit to do

so, and not their intention. Indeed, when an individual had

low levels of habit strength, the intention–fruit consump-

tion relationship was more than twice as strong than when

an individual had a high level of habit strength (34).

The same participants were assessed for exercise beha-

viour, intention and habit strength. The findings indi-

cated that exercise has both a cognitive and an automatic

component and that stronger exercise habits make exer-

cise less intentional, with the intention–exercise relation-

ship being almost three times stronger at lower levels of

exercise habit strength than at higher levels (34).

Habits are strengthened as behaviour is repeatedly per-

formed in a consistent context (31) and when behaviour is

reinforced by a pleasant experience or reward (i.e. the

sweet satisfaction of a chocolate cookie or the comfort of

a hearty, warm pudding) (35). In a three-wave observa-

tional study of fruit and vegetable (FV) intake in adults

(n = 127), it was hypothesised that the intrinsic reward

value of FV consumption would strengthen FV consump-

tion habits. Habit strength was assessed with the

Self-Report Behavioural Automaticity Index, an auto-

maticity-specific abbreviation of the Self-Report Habit

Index (36). Questionnaires measured participants’ intrinsic

reward, intention and self-efficacy at baseline and after 2

and 4 weeks. The rsults indicated that intrinsic reward

had a positive indirect effect on habit strength through its

influence on the frequency of FV consumption. Further-

more, the relationship between FV consumption and habit

was stronger where consumption was considered more

intrinsically rewarding. These findings highlight the poten-

tial relevance of intrinsic reward to habit and should be

considered as a tool in habit-based interventions (37).

People with strong habits are generally not observant to

information about the adverse effects of their behaviour (35).

To illustrate, Ji and Wood (38) studied college students

(n = 219) over a 1-week period and predicted how often

they watched television or purchased fast food from their

behavioural intentions and from their habits. The findings

showed that students acted on their intentions only when

their habit strength was weak or moderate (38). Students with

strong habits continued their typical behaviour in purchas-

ing fast food, despite their intentions. Therefore, as the habit

strength increased, intentional behaviour decreased. Indeed,

intentions guided actions largely when habits had not been

formed. These findings support the theory that habitual

behaviour can be triggered independent of an individual’s

intentions (19). Consequently, this automatic eating beha-

viour has been described as the most plausible factor

explaining the lack of weight loss maintenance success (39).

Automaticity

Once a habit is formed, automaticity is considered to be

the ‘active ingredient’ of that habit (18). Automaticity can

be described as a behaviour that features efficiency, lack

of awareness, unintentionality and uncontrollability (40).

Automatic behaviours occur without reflective decision-

making processes (18) and increase with continuous repe-

tition of the behaviour (40).

The complexity of a particular behaviour impacts the

development and strength of automaticity (23,40). In a

study of 96 participants who chose an eating, drinking or

exercise behaviour to carry out daily in the same context

for 12 weeks, the average time that participants took to

reach automaticity of their chosen behaviour was 66 days

(range 18–254 days) (31). Exercise behaviours (considered

more complex than eating or drinking) took one and a

half times longer to reach a level of automaticity than

eating and drinking habits) (40). In another study, auto-

maticity strength peaked more rapidly for simple actions

(e.g. drinking water) than for more elaborate procedures

(e.g. doing 50 sit-ups) (23). Other studies report consistent

findings, with participants automatically performing life-

style behaviours after approximately 10 weeks; moreover,

participants maintained their new habitual behaviours
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over 32 weeks and the behaviours increased in

automaticity (41).

Automaticity is a powerful tool in positive habit forma-

tion because there is a reassurance that doing a new and

healthful behaviour will become progressively easier.

Therefore, maintaining motivation and consistently

undertaking the new behaviour is only necessary until the

habit forms and the new behaviour becomes ‘second nat-

ure’ (23). Lifestyle changes commonly last only a short

period of time as individuals generally return to their

Box 1. A tool for patients to encourage habit formation (23)

Figure 1: A tool for patients

Make a new healthy habit

1. Decide on a goal that you would like to achieve for your health

2. Choose a simple action that will get you towards your goal which you can do on a 

daily basis

3. Plan when and where you will do your chosen action. Be consistent: choose a time 

and place that you encounter every day of the week.

4. Every time you encounter that time and place, do the action.  

5. It will get easier with time, and within 10 weeks you should find you are doing it 

automatically without even having to think about it.  

6. Congratulations, you’ve made a healthy habit!  

My goal (e.g. ‘to eat more fruit and vegetables’) 
___________________________________________________________________________

My plan (e.g. ‘after I have lunch at home I will have a piece of fruit’)
(When and where) ___________________________ I will ___________________________

Some people find it helpful to keep a record while they are forming a new habit.  This daily 

tick-sheet can be used until your new habit becomes automatic. You can rate how automatic 

it feels at the end of each week, to watch it getting easier. 

Week
1

Week 
2

Week 
3

Week 
4

Week 
5

Week 
6

Week 
7

Week 
8

Week 
9

Week 
10

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Done on 5 days 
or more?
How automatic 
does it feel? 

Rate from
1 (not at all) to 
10 (completely)
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previous patterns (42). Once a behaviour becomes auto-

matic, however, it is more resilient to change than pur-

poseful or intentional behaviours (40,43) and therefore lasts

longer and achieves continued or maintained results (44).

Habit advice should therefore include behaviour changes

that are simple for individuals to implement because this

provides realistic long-term effects (23). Gardner et al. (23)

developed a sample tool for health professionals to use with

patients to encourage habit formation (Box 1).

Habit formation begins with an ‘initiation phase’, dur-

ing which the new chosen behaviour and the context in

which that behaviour will be performed are selected; for

example, ‘eating a piece of fruit at breakfast’. Automatic-

ity develops in the subsequent ‘learning phase’, during

which the behaviour is repeated in the chosen context to

strengthen the context-behaviour association [self-moni-

toring through a tick sheet may help (45) (Box 1)].

Finally, habit formation is accomplished in the ‘stability

phase’, at which the behaviour persists over time with

minimal conscious thought or effort (23). This tool has

not been formally tested, although it synthesises evidence

based on the current literature of habit theory (23).

Behavioural flexibility

Behavioural flexibility has an inverse relationship to

automaticity and is a measure of a person’s range of

behaviours across different situations (46). An individual

with more behavioural flexibility has a greater beha-

vioural reservoir and behaves in less habitual ways than

a person with less behavioural flexibility. Behavioural

flexibility is primarily measured using a psychometric

instrument labelled the ‘FIT Profiler’ (Framework for

Internal Transformation) (46–51), which measures core

aspects of a person’s thinking processes and the nature

and flexibility of their behaviours.

In a study sampling over 1000 people, behavioural flexi-

bility was found to correlate negatively and significantly

with BMI (48). This finding led to the novel hypothesis

proposing that, if behavioural flexibility is negatively corre-

lated with BMI, then increasing behavioural flexibility

would lead to weight reduction (49). By doing something

different on a daily basis, individuals are challenged to

break existing habits and increase their behavioural flexibil-

ity. This approach avoids the need for sustained willpower

and may provide the impetus for positive change by alter-

ing the daily habits that trigger overeating and the broader

changes needed for positive health behaviour generally (46).

Habit change interventions for weight loss maintenance

Breaking unwanted habits can be achieved through

restructuring an individual’s environment, or

programming new responses to their existing environ-

ment (31). Interventions that focus on changing an indi-

vidual’s behaviour are not usually successful at changing

an individual’s habits because they do not incorporate the

strategies required to break unwanted habits and form

new healthful habits (41,52). General health advice is usu-

ally based on advising patients on what to change and

why (e.g. reduce daily calorie intake to achieve weight

loss). Such advice requires conscious, deliberative

thoughts (23). However, motivation and attention to

change behaviours wane over time; therefore, the effects

of behaviour change are typically short-lived (23). Advice

on how to change at the same time as engaging auto-

matic behaviours (including efficiency, lack of awareness,

unintentionality and uncontrollability (40) may offer a

valuable alternative with potential for long-term impact
(23).

A focused search in PubMed for its generality and Psy-

chInfo for its focus on psychological interventions found

three habit-based weight loss interventions: ‘10 Top Tips’
(43,46), ‘Do Something Different’ (39,46) and ‘Transforming

Your Life’ (53,54). A comparison of intervention methods

is provided in Table 1.

The 10 Top Tips

The 10 Top Tips (10TT) is an intervention based on habit

formation theory, using written materials to guide partici-

pants through a set of simple weight management beha-

viours with the intention of making those behaviours

habitual. For example, participants are required to keep to

a meal routine, eat off a smaller plate, eat mindfully and

pack a healthy snack. Results from a randomised controlled

trial with 104 overweight or obese participants showed the

10TT intervention produced a statistically significant mean

weight loss of 2.0 kg at 8 weeks compared to a mean

weight loss of 0.4 kg in the control group. Moreover, par-

ticipants in the 10TT intervention continued to lose weight

with an average of weight loss of 3.8 kg at 32 weeks. The

intervention was easily disseminated, low-cost and pro-

duced clinically significant weight loss. Participants in the

10TT study also reported automaticity of some of the

healthy habits prescribed in the intervention; therefore,

sustainability of their weight loss was predicted (41).

Semi-structured interviews were conducted at the end

of the intervention with a random subsample (n = 10) of

participants to gather feedback and explore general expe-

riences. The results showed that behaviour change was

initially experienced as cognitively effortful but, as auto-

maticity increased, enactment became easier. Most partic-

ipants reported characteristics of habit: automaticity, the

importance of repetition and ‘feeling strange’ when not

doing the behaviour (55).
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Do Something Different

Do Something Different (DSD) is a behavioural interven-

tion that focuses on increasing participants’ behavioural

flexibility by breaking daily habits. The aim of DSD is to

break the distal habits proposed to play a role in

unhealthy dietary and exercise behaviours. DSD requires

participants to do something different each day and to

engage in novel, weekly activities to expand their beha-

vioural repertoire. What makes this intervention particu-

larly novel is that these activities are not food or exercise

related. In a longitudinal, two-armed controlled trial of

31 participants, the DSD intervention achieved a gradual

and continuous weight loss with a statistically significant

mean average loss of 2.6 kg over a 4-week period, com-

pared to a loss of 0.88 kg in the control group. Two

months post-intervention, DSD participants had contin-

ued to lose weight with a total mean (SD) weight loss of

5.18 (3.85)kg, compared to 0.43 (1.94) kg in the control

group (46), suggesting that the changes effected in the

DSD intervention were maintained.

A key finding in the study was a dose–response rela-

tionship between changes in behavioural flexibility that

occurred as a result of the 4 weeks DSD programme and

the amount of weight loss observed. This supports the

hypothesis that behavioural flexibility may facilitate in

weakening poor lifestyle habits and therefore contribute

to weight loss (49).

Transforming Your Life

Transforming Your Life (TYL) is an environmental modi-

fication approach to weight loss, which combines pro-

moting healthy habits, as well as disrupting unhealthy

habits. Individuals were taught to create their personal

food and exercise environment in a manner that min-

imises unhealthy eating and sedentary behaviour cues/

choices, maximises healthy eating and exercise-related

cues/choices, and encourages automatic responding to

goal-related cues (54). In a 12-week randomised controlled

trial, 59 overweight and obese participants were ran-

domised to either TYL or a weight loss programme that

emphasised reducing an unhealthy relationship with food

(New Perspectives; NP). Despite equivalent weight loss at

the end of treatment [mean (SD) = 6.6 (5.3) kg], the

TYL participants were significantly more effective at

maintaining their weight loss with a further average

weight loss of 2.2 (4.4) kg, whereas NP participants

regained a mean (SD) of 2.1 (7.3) kg during the 6-month

no-treatment follow-up period (54).

Although a 6-month follow-up period is relatively brief,

the continued weight loss in the TYL programme supports

the theory that habit-based interventions achieve greaterT
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success at maintaining weight loss long-term compared to

traditional behavioural weight loss programmes (23).

Limitations

There are several limitations to this review. There are

currently limited long-term follow-up data available on

habit-based weight loss interventions; therefore, this

review reflects a maximum 6-month follow-up out-

come. Weight loss outcomes at least 12-month post-

intervention would provide a more accurate conclusion

on the efficacy of habit-based interventions on long-

term weight loss maintenance. We also did not discuss

the physiological and biological effects on weight regain

and obesity because we did not focus on causes of

obesity. Rather, we focused on habit-based weight man-

agement interventions that may be effective for obesity

treatment. The search strategy for this review restricted

the search to habit-based interventions that focused

specifically on habit-change as the conceptual theory.

Although interventions may indirectly change an indi-

vidual’s habits, the present study focused only on the

interventions where habit-change was the primary strat-

egy for behaviour change and therefore weight loss.

Conclusions and areas for future research

Ample evidence suggests that a significant part of daily

eating behaviours consists of habits. In line with this, the

concept of habit is increasingly incorporated into studies

investigating the behavioural and psychosocial determi-

nants of food choice, yielding evidence that habit is one

of the most powerful predictors of eating behaviour and

therefore weight loss success (35).

Best intentions are not sufficient to elicit behaviour

change. People with strong habits tend to continue their

typical behaviour despite their well-meaning and often

well-informed intentions (27) Indeed, theory and empirical

research suggests that intentions guide actions largely

when habits have not yet been formed (21). This phe-

nomenon supports the theory that habitual behaviour can

be triggered independent of an individual’s intentions
(24). Therefore, a deeper focus on habit-change interven-

tions would be beneficial to better inform weight man-

agement interventions.

Despite using different methods, the habit-based inter-

ventions highlighted in the present study (i.e. 10TT,

DSD and TYL) all show significant weight loss results

with promising long-term weight loss maintenance. None

of the interventions, however, have published results

regarding maintenance of the participants’ weight loss

longer than 6 months. For those who adhere to weight

loss lifestyle programmes, weight loss is often the

outcome but typically not for long. Research in weight

loss programmes would benefit from long-term follow-

up periods beyond the immediate and short-term. Addi-

tionally, there is currently a dearth of studies focused

primarily on habit-change theories for the treatment of

obesity. Perhaps a fresh look at habits and the intention

behaviour gap will shed some light on this significant

problem.
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Abstract

Background: The early childhood years represent a period of rapid growth

and development characterised by unique requirements for energy and indi-

vidual nutrients.

Methods: The present study uses data from the National Pre-School Nutrition

Survey, a nationally representative sample of Irish children (1–4 years)

(n = 500), aiming to estimate energy and nutrient intakes across age and

compliance with recommendations (UK and European). A 4-day weighed

food-record was used to collect dietary data and statistical modelling (National

Cancer Institute method) was applied to estimate usual nutrient intakes.

Results: Intakes of carbohydrate [48–50% energy (E)], protein (15–16%E),

total fat (32–34%E), dietary fibre (2.5 g MJ�1), a-linolenic acid (0.45%E)

and most micronutrients were in good compliance with recommendations.

However, intakes of long chain polyunsaturated fatty acids (LCPUFA) (65–
80 mg) were low and significant proportions of children had inadequate

intakes (< estimated average requirement) of vitamin D and iron. Small

proportions of children with intakes exceeding the upper level for retinol,

folic acid, zinc, copper and iodine, are unlikely to give rise to adverse health

effects. Mean intakes of free sugars (12%E) and salt (3.1 g day�1) exceeded

recommendations and increased with age, whereas mean intake of saturated

fat (15%E) decreased with age. By the age of 4 years, patterns established

for intakes of salt, saturated fat and free sugars were unfavourable and simi-

lar to those observed in the diets of older children.

Conclusions: Further research is needed to identify dietary strategies that

improve the quality of the diet in young children, particularly in relation to

excess of saturated fat, free sugars and salt, as well as inadequacy of iron,

vitamin D and LCPUFA.

Introduction

The early childhood years represent a period of rapid

growth and development that is characterised by unique

requirements for energy and individual nutrients (1). This

period of growth also coincides with the transitional

phase where young children are moving from primarily

milk-based diets to a more varied independent diet and

are developing their own food preferences and eating

habits (2).

There are few recent nationally representative data in

Europe on the intakes of nutrients in young children

from age 12 months through early childhood and on how

nutrient intakes change with dietary transition. Data are

available with respect to young children: (i) in the UK

aged 12–18 months for 2011 (3), 21 months for 2008–
2009 (4) and 1.5–3 years for 2008–2014 (5); (ii) in Belgium

aged 1–3 years for 2012 (6); (iii) in The Netherlands aged

2–6 years for 2005–2006 (7); and (iv) in Italy aged

0–3 years for 2005–2006 (8). Nutrient imbalances observed
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in these studies include low intakes of polyunsaturated

fatty acids (PUFA)/monounsaturated fatty acids, dietary

fibre, iron and vitamin D, as well as high intakes of

sodium (5–8). Low intakes of iron and vitamin D are sup-

ported by biochemical evidence of a poor status of iron

and vitamin D in young children both in Ireland and

across Europe (9–12).

Nationally representative dietary intake data have

recently become available for the first time in young Irish

children aged 12–59 months collected in the Irish

National Pre-School Nutrition Survey (NPNS) (2010–
2011) (13). The present study aimed to use the NPNS data

to estimate the usual intakes of energy and nutrients and

compliance with nutrient intake recommendations (UK

and European) in young children in Ireland and to

describe the patterns of nutrient intake across this devel-

opmental period.

Materials and methods

Study groups

Analyses were based on data from the Irish National Pre-

School Nutrition Survey, a cross-sectional food consump-

tion survey conducted in the Republic of Ireland in

2010–2011 aiming to establish a database of habitual food

and drink consumption in a representative sample of

children aged 12–59 months (n = 500). A quota sampling

approach was adopted using the most recently published

Irish census (14) to achieve a sample of 125 children

within each of four age groups (12–23, 24–35, 36–47 and

48–59 months) with 50 : 50 male/female representation

in each group. Children were recruited from a database

of names and addresses of children compiled by ‘eumom’

(an Irish parenting resource) (www.eumom.ie) or from

randomly selected childcare facilities in selected locations.

The present study was conducted in accordance with

guidelines laid down in the Declaration of Helsinki and

ethical approval was obtained from the Clinical Research

Ethics Committee of the Cork Teaching Hospitals,

University College Cork [Ref:ECM 4 (a) 06/07/10]. A

small incentive (supermarket voucher) was provided to

participants in an attempt to improve study participation

and retention. Written informed consent was obtained

from the parents/guardians of each child who participated

in the survey. A detailed description of the survey

methodology is available at www.iuna.net.

Food intake assessment

A 4-day weighed food record was used to collect detailed

food and beverage intake data. In all cases, the study per-

iod included at least one weekend day. The researcher

made three visits to the participant and his/her caregiver

during the 4-day period: an initial training visit to show

how to keep the food diary and use the portable food

scales provided (KD-400; Tanita Corporation, Tokyo,

Japan); a second visit 24–36 h into the recording period

to review the diary, check for completeness and clarify

details regarding specific food descriptors and quantities;

and a visit 1 or 2 days after the recording period to check

the diary recordings for the final days and to collect the

diary. Caregivers were asked to record detailed informa-

tion regarding the amount, type and brand of all foods,

beverages and nutritional supplements consumed by the

child over the 4-day period and, where applicable, the

cooking method used, the packaging size and type and

details of recipes.

Food quantification

The majority of foods and drinks (78%) were weighed

directly on the portable scales provided and a further 7%

of weights were derived from product labels. To facilitate

the collection of such data, caregivers were asked to col-

lect all packaging of food and beverages consumed by the

child in a storage bag provided. A validated photographic

food atlas for pre-school children (15) was used to assist

caregivers in quantifying 6% of foods and beverages con-

sumed. For foods that were not weighed and were avail-

able in the food atlas, the caregiver was asked to choose

the portion size that the child consumed. Household

measures, such as teaspoon, tablespoon, etc., were used to

quantify 6% of foods and beverages consumed. The

remaining 3% of foods were assigned portion weights

from resources of average portions of certain foods,

including a book of standard portion sizes by the Min-

istry of Agriculture, Fisheries and Food (16) (1%), stan-

dard weights determined by the research team (0.5%)

and estimates based on the child’s previous eating pat-

terns (only used when no other quantification method

was appropriate) (1.5%). For all methods of quantifica-

tion, leftovers were accounted for and the weight of the

food consumed was calculated.

Dietary analysis

Food intake data were analysed using WISP© (Tinuviel

Software, Anglesey, UK), which estimates nutrient intakes

using data from McCance and Widdowson’s The Composi-

tion of Foods, sixth and fifth editions, plus all nine supple-

ments as described elsewhere(17). During the NPNS,

modifications were made to WISP© to include recipes of

composite dishes, nutritional supplements, fortified foods,

infant specific products and generic Irish foods that were

commonly consumed (18). Information on brands was

also collected and recorded. Micronutrient intakes were
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estimated with and without the contribution of nutri-

tional supplements.

Estimation of usual intakes

The usual intake distributions for energy and nutrients

were estimated using the National Cancer Institute (NCI)

method, which is validated for this purpose (19). This

approach estimates usual intakes based on intakes for

individual days (rather than an average of recording days)

and accounts for both inter- and intra-person variance.

The NCI method has been implemented using macros IN

SAS (SAS Institute Inc., Cary, NC, USA), which were

downloaded from the website www.riskfactor.cancer.gov/

diet/usualintakes/macro.html (accessed July 2015). Using

these macros, usual intake distributions were estimated

for energy and nutrients for the whole population

(1–4 years) and by age.

Comparison of nutrient intakes with dietary reference

values

Nutrient intakes were compared with the most recent

dietary reference values (DRVs) available from European

Food Safety Authority (EFSA) or Scientific Advisory

Committee on Nutrition (SACN) (UK). The Department

of Health UK (1991) DRVs were used if they were not

superseded by updated DRVs. Mean intakes for carbohy-

drate and fat were compared with reference intake ranges

recommended by the EFSA for carbohydrate [45–60%E

(1–4 years)] (20) and for total fat (lower bound: 1–4
years, 20%E; upper bound: 1–2 years, 40%E; 3–4 years

35%E) (21). For dietary fibre, mean intakes were com-

pared with the adequate intake of 2 g MJ�1 as recom-

mended by EFSA (20). Mean protein intakes (g kg�1 body

weight) were compared with the average requirement

(1 years, 0.95; 1.5 years, 0.85; 2 years, 0.79; 3 years, 0.73;

4 years, 0.69) and the population reference intake (PRI)

(1 years, 1.14; 1.5 years, 1.03; 2 years, 0.97; 3 years, 0.90;

4 years, 0.86) derived by EFSA (22). Mean intakes of salt

(food sources only, excluding that added in cooking or at

the table) were compared with population targets (1–
3 years, 2 g; 4 years, 3 g) set by the Food Safety Author-

ity of Ireland (FSAI) (23). Additionally, for children aged

12–36 months where reference values are available, mean

intakes of a-linolenic acid (ALA), docosahexaenoic acid

(DHA) and eicosapentaenoic acid (EPA) and DHA (com-

bined) were compared with adequate intakes as proposed

by EFSA (ALA; 12–36 months, 4%E; DHA; <24 months,

100 mg; and DHA + EHA; >24 months, 250 mg) (1)

The prevalence of inadequate intakes was assessed using

the cut-off point method (24) for nutrients where an esti-

mated average requirement (EAR) was available. This

method has been shown to be effective in obtaining a

realistic estimate of the prevalence of dietary inadequacy
(24). EARs as established by the Department of Health

(UK) (25) were used as cut-offs for assessing the preva-

lence of inadequate intakes of thiamin, riboflavin, vita-

mins B6 and B12, and magnesium. The US Institute of

Medicine (IOM) EARs were used for vitamin D, copper

and iodine, (26,27) and more recent EARs published by

EFSA were used for vitamin A, total niacin equivalents,

dietary folate equivalents, vitamin C, calcium, iron and

zinc (28–34). The Nordic EAR was used as an additional

reference value for vitamin D (35).

Because under-reporting of food consumption can

result in an overestimate of the prevalence of inadequacy

in a population group, (24) under-reporters (URs) were

identified and excluded from analysis when assessing ade-

quacy. Basal metabolic rate (BMR) was predicted for each

participant from standard equations using body weight

and height (36) and a minimum energy intake cut-off

point (1.28 9 BMR) (37) was used to identify URs (24%

of total sample).

The risk of excessive intake of micronutrients was eval-

uated using the tolerable upper intake level (UL) as a ref-

erence value. ULs are defined as the maximum level of

total chronic daily intake of a nutrient (from all sources)

judged to be unlikely to pose a risk of adverse health

effects in humans. (38) For nutrients with established ULs,

the proportion of children with usual intakes from foods

and supplements exceeding the UL was calculated. ULs

have been derived by EFSA/EU Scientific Committee for

Food for vitamin A (retinol), vitamin E, pre-formed nia-

cin, vitamin B6, folic acid, zinc, copper and iodine (38).

ULs as established by the Food and Nutrition Board were

used for iron, vitamin C and phosphorus (27,39,40). More

recent ULs published by EFSA were used for calcium and

vitamin D (41,42).

Statistical analysis

Statistical analysis was carried out using SAS ENTERPRISE

GUIDE, version 6.1 (SAS Institute Inc.). Differences in

nutrient intakes across age were assessed using a Kruskal–
Wallis test (for non-normal data) and a Wilcoxon two

sample test was used for post-hoc analysis. To minimise

Type 1 error (as a result of multiple testing), intakes were

considered to be significantly different from each other if

P < 0.01.

Results

Sample characteristics

Table 1 shows the characteristics of the NPNS sample by

age compared with the national population of children
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aged 1–4 years. Although similar to the national popula-

tion for age and sex, the NPNS sample contained a higher

proportion of children of professional workers and a

lower proportion of children of semi-skilled and unskilled

workers than the national population and nutrient intakes

were weighted to adjust for these differences.

The mean intake of protein for 1–4-year-old children

was 2.8 g kg�1 body weight per day, decreasing from

3.3 g kg�1 for age 1 year to 2.6 g kg�1 for age 4 years

(Table 2). This is equivalent to approximately three times

the PRI and there were no children with protein intakes

lower than the average requirement, indicating that pro-

tein intakes were more than adequate for all children.

The mean intake of fat among this group was 32% energy

and most children (87%) had fat intakes less than the

recommended upper threshold of 35%E for 3–4-year-old
children and 40%E for 1–2-year-old children. Mean

intake of saturated fat was 14.7%E, decreasing from

15.7%E for age 1 year to 14.1%E for age 4 years. The

mean intake of ALA (0.45%E) was close to the recom-

mended adequate intake of 0.5%E for 12–36-month-old

children. However, mean intakes of DHA and EPA (com-

bined) (65–80 mg range across age) were considerably

less than the recommended adequate intake of 250 mg

for 24–36-month-old children.

Mean intake of carbohydrate increased from 47.5%E

for age 1 year to 50.4%E for age 4 years and 83% of chil-

dren had intakes greater than the recommended mini-

mum of 45%E. Mean intakes of total sugars accounted

for approximately 25%E and intakes decreased from age

1 to age 4 years. Mean intakes of free sugars increased

from 9%E for 1-year-old children to 14% E for 4-year-

old children.

Mean dietary fibre intake was 2.5 g MJ�1 and was sim-

ilar for 1–4-year-old children. Overall, 78% of children

had intakes greater than the recommended adequate

intake of 2 g MJ�1. Mean intakes of sodium increased

from 961 mg at age 1 year to 1425 mg at age 4 years and

mean salt intake (2.4–3.6 g day�1 across age, excluding

discretionary salt) exceeded recommended maximum

levels for average daily salt intake of 2 g day�1 for 1–3-
year-old children and 3 g for 4-year-old children.

Intakes of micronutrients showed relatively little change

with age, and were mainly derived from food sources

(Table 3). The contribution of nutritional supplements

(consumed by 20% of children) to micronutrient intakes

was relatively minor (0–6%) for most micronutrients with

a slightly higher contribution to intakes of vitamins A, C

and E (8–9%) and vitamin D (20%). For most micronu-

trients, the proportion of children with usual intakes

below the EAR was very low. However, intakes of vitamin

D were inadequate in most children and inadequate

intakes were observed for iron (9–14% for age 1–3 years),

iodine (7–8% for age 3–4 years), calcium (34% for age

4 years) and zinc (22% for age 4 years) (Table 4). The

percentage of children with usual intakes exceeding the

UL was generally very low, except for copper (6–8% for

age 2–3 years), zinc (9–13% for age 1–3 years) and iodine

(7–37% for age 1–4 years) (Table 5).

Discussion

The present study shows that the diets of Irish pre-

schoolers are generally in good compliance with nutrient

recommendations for protein, fat, total carbohydrate,

dietary fibre and most micronutrients. Exceptions to this

were noted for free sugars, salt, essential fatty acids

(EPA and DHA), vitamin D, iron, calcium and zinc.

The patterns of nutrient intake across this developmental

period led to a less favourable dietary quality for the

intakes of free sugars and salt, whereas a decrease in

intake of saturated fat with age was not sufficient to

facilitate compliance with nutrient recommendations in

later childhood.

Table 1 Descriptive characteristics of the National Pre-school Nutrition Survey (NPNS) sample

ROI Census

2006

All ages

(n = 500)

1 year olds

(n = 126)

2 year olds

(n = 124)

3 year olds

(n = 126)

4 year olds

(n = 124)

Age, months (mean) 34.8 17.5 29.3 40.8 51.8

Sex (% boys) 51 50 50 52 48 51

Social class of parents (%)

Professional workers 9 22 28 23 22 15

Managerial and technical 31 40 45 42 34 39

Non-manual 17 16 14 13 18 19

Skilled manual 15 15 7 16 18 18

Semi-skilled/unskilled* 28 7 6 7 7 9

ROI, Republic of Ireland.

Data were weighted to account for differences in social class between NPNS sample and national population.

*Includes unknown occupations.
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The mean intake of protein for 1–4-year-old children

was 2.8 g kg�1 body weight per day, which is equivalent

to approximately three times the PRI, and there were no

children with protein intakes lower than the EAR, indi-

cating that protein intakes were more than adequate for

all children. This is similar to intakes reported in other

European countries (5,7,8). Expressed as percentage energy

(15%E) intake is similar to adult diets and within the

acceptable range proposed by IOM (5–20%E for age

1–3 years, 10–30%E for age 4–18 years) (45), as well as

being in line with the recent Nordic recommendation of

15% of energy at 12 months of age (46). These recom-

mendations are based on adequate protein intake for

maintenance and growth assuming an appropriate body

composition, energy balance and moderate physical activ-

ity. Other studies have reported that high protein intakes

in very young children may be associated with excess

weight gain in early childhood (47,48); however, the conse-

quence of this in relation to body fatness in later life still

remains unclear (1).

The mean intake of fat was 32%E and most children

(87%) had fat intakes less than the recommended upper

threshold of 35%E for 3–4-year-old children and 40%E

for 1–2-year-old children. This is similar to that reported

in other European countries with intakes of fat expressed

as a percentage of energy typically ranging from 29–34%
(3,5–8). Mean intake of saturated fat decreased from 16%E

for age 1 year to 14%E for age 4 years, reflecting the

reduction in milk consumption (13). This is similar to that

reported for 1.5–3-year-old children in the UK (15%E)
(5) and higher than that reported for Dutch children at

11%E (age 2–3 years) and 12%E (age 4–6 years) (7) and

Italian children at 14%E (age 0–2 years) and 12%E (age

3–10 years) (8). Despite the reduction in saturated fat

with age, the established patterns of intake will make it

difficult to comply with recommendations for saturated

fat intake in later childhood <10%E for children from

5 years (49).

Although the mean intake of ALA (0.45%E) was close

to the recommended adequate intake of 0.5%E for 12–
36-month-year-old children, mean intakes of DHA and

EPA (combined) (65–80 mg range across age) were con-

siderably less than the recommended adequate intake of

250 mg for 24–36-month-old children. This is similar to

Table 4 Proportion of young children (1–4 years) in Ireland with micronutrient intakes below the estimated average requirement (EAR) (excluding

under-reporters)

EAR

All ages

(n = 379)

1 year olds

(n = 109)

2 year olds

(n = 93)

3 year olds

(n = 81)

4 year olds

(n = 96)

%

Vitamin A 205 lg day�1 (1–3 years)

245 lg day�1 (4 years) (28)

1.5 0.5 1.2 0.9 3.2

Vitamin D 7.5 lg day�1 (35) 91.3 88.6 91.8 92.8 92.5

10 lg day�1 (26) 96.7 95.4 97.1 97.4 97.2

Thiamin 0.3 mg per 1000 kcal (25) 0.0 0.0 0.0 0.0 0.0

Riboflavin 0.5 mg day�1 (1–3 years)

0.6 mg day�1 (4 years) (25)

0.1 0.1 0.1 0.2 0.3

Total Niacin

Equivalents

5.5 mg per 1000 kcal (29) 0.0 0.0 0.0 0.0 0.0

Vitamin B6 13 lg g�1 protein (25) 0.0 0.0 0.0 0.0 0.0

Vitamin B12 0.4 lg day�1 (1–3 years)

0.7 lg day�1 (4 years) (25)

0.0 0.0 0.0 0.0 0.1

Dietary folate

equivalents

90 lg day�1 (1–3 years)

120 lg day�1 (4 years) (30)

2.1 2.2 0.5 0.7 4.6

Vitamin C 15 mg day�1 (1–3 years)

25 mg day�1 (4 years) (31)

0.5 0.4 0.2 0.5 0.7

Calcium 390 mg day�1 (1–3 years)

680 mg day�1 (4 years) (32)

10.1 1.4 1.3 3.2 34.1

Iron 5.0 mg day�1 (1–4 years) (34) 9.4 13.7 7.1 12.0 5.4

Magnesium 65 mg day�1 (1–3 years)

90 mg day�1 (4 years) (25)

0.0 0.0 0.0 0.0 0.1

Zinc 3.6 mg day�1 (1–3 years)

4.6 mg day�1 (4 years) (33)

8.6 3.9 3.2 5.6 21.7

Copper 260 lg day�1 (1–3 years)

340 lg day�1 (4 years) (27)

0.3 0.6 0.1 0.2 0.4

Iodine 65 lg day�1 (27) 5.3 2.1 3.8 7.0 8.1
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a study of pre-school children in Flanders, Belgium (50)

which reported intakes of 43 mg DHA and 22 mg EPA

per day for 2.5–3-month-year-old children. In that study,

it was concluded that two 50-g portions of oily fish per

week would be needed to fulfil requirements of EPA and

DHA assuming seafood to be the sole source of EPA and

DHA in the diet (50). Data from the NPNS showed that

current fish intakes were low in Irish pre-schoolers, with

over 40% of children consuming no seafood of any type

during the 4-day survey period (17). Fish intakes were also

very low in Dutch children, with only 9% consuming the

recommendation of two portions of fish per week (7).

Although 83% of children had intakes of total carbo-

hydrate greater than the recommended minimum of

45%E (20), mean intakes of free sugars increased from

9%E for 1-year-old children to 14%E for 4-year-old chil-

dren. This is considerably in excess of WHO recommen-

dations (not more than 10%, provisional not more than

5%) (51) and recent recommendations from SACN UK
(52) of not more than 5%E for age groups from 2 years

upwards. The increase in intake of free sugars from

1 year to 4 years was primarily the result of a higher

intake of fruit juices, fruit juice drinks and squashes, as

well as chocolate and non-chocolate confectionary, at age

4 years (53,54).

Mean dietary fibre intake among young children in Ire-

land was 2.5 g per 10 MJ (11–13 g day�1), which is lower

than the recent SACN recommendation of 15 g day�1 for

age 2–5 years (52); however, 78% of children had intakes

greater than the adequate intake of 2 g MJ�1 proposed

by EFSA for adequate laxation. This is similar to that

reported for Dutch children of 12–13 g day�1 for 2–3-
year-old children and 13–14 g day�1 for 4–6-year-old
children (7) in Belgian children; 11 g day�1 (6–36 months

old) and in a study of European children (age 2–9 years);

12 g day�1. Fibre intakes (expressed as NSP) were

reported for children aged 1.5–3 years in the UK at

8.2 g day�1 (5), which is equivalent to approximately 11 g

dietary fibre, equating to similar fibre intakes from the

present study. Dietary fibre intakes in young Italian chil-

dren were lower than that in the present study at 1.7–
1.8 g MJ�1 day�1 (8). The primary sources of dietary fibre

for young Irish children were fruit (including juices),

breads, breakfast cereals and vegetables (55).

Mean intakes of salt (2.4–3.6 g day�1 across age,

excluding discretionary salt) exceeded the recommended

maximum levels for average daily salt intake of 2 g day�1

for 1–3-year-old children and 3 g for 4-year-old children

(FSAI 2005). Intakes of salt increased from age 1 to age

4 years with this increase primarily being the result of to

Table 5 Proportion (%) of young children (1–4 years) in Ireland with mean daily intakes greater than the respective tolerable upper intake level

All ages

(n = 500)

1 Year olds

(n = 126)

2 Year olds

(n = 124)

3 Year olds

(n = 126)

4 Year olds

(n = 124)

%

Retinol 800 lg day�1 (1–3 years)

1100 lg day�1 (4 years) (38)

3.0 5.4 3.6 2.8 0.3

Vitamin D 50 lg day�1 (42) 0.0 0.0 0.0 0.0 0.0

Vitamin E 100 mg (1–3 years)

120 mg day�1 (4 years) (38)

0.0 0.0 0.0 0.0 0.0

Preformed

Niacin

150 mg day�1 (1–3 years)

220 mg day�1 (4 years) (38)

0.0 0.0 0.0 0.0 0.0

Vitamin B6 5 mg day�1 (1–3 years)

7 mg day�1 (4 years) (38)

0.0 0.0 0.0 0.0 0.0

Folic acid 200 lg day�1 (1–3 years)

300 lg day�1 (4 years) (38)

1.9 0.7 2.7 3.9 0.3

Vitamin C 400 mg day�1 (1–3 years)

650 mg day�1 (4 years) (39)

0.0 0.0 0.0 0.0 0.0

Calcium 2500 mg day�1 (41) 0.0 0.0 0.0 0.0 0.0

Iron 40 mg day�1 (27) 0.0 0.0 0.0 0.0 0.0

Zinc 7 mg day�1 (1–3 years)

10 mg day�1 (4 years) (38)

9.0 12.3 13.4 9.2 0.6

Phosphorus 3 mg day�1 (40) 0.0 0.0 0.0 0.0 0.0

Copper 1 mg day�1 (1–3 years)

2 mg day�1 (4 years) (38)

4.5 3.4 8.2 6.1 0.1

Iodine 200 lg day�1 (1–3 years)

250 lg day�1 (4 years) (38)

22.2 36.5 26.9 18.1 6.7

Numbers in parentheses refer to sources of dietary reference values.
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higher intakes of processed meats and breads at age

4 years. (56)

Intakes of micronutrients showed relatively little change

with age, and were mainly derived from food sources,

with supplement intakes contributing very little to the

overall daily nutrient intakes, except for vitamins A, C

and E, where they contributed 8–9% of intakes and for

vitamin D (20%). For most micronutrients, the propor-

tion of children with usual intakes below the EAR was

very low. However, intakes of vitamin D were inadequate

in most children and inadequate intakes were also

observed for iron, iodine, calcium and zinc.

Vitamin D intakes from all sources (including dietary

supplements) in the present study (3.2–3.9 lg day�1

range across age) were higher than that reported in the

UK NDNS for 1.5–3-year-old children (2.3 lg) and 4–10-
year-old children (2.7 lg) (5) and Dutch 4–6-year-old
children (2.5–2.9 lg) and slightly lower than for Dutch

2–3-year-old children (4.4–4.7 lg) (7). Significantly higher

vitamin D intakes are seen in children in Finland

(6–12 lg day�1) (57) and also globally in the US

(8–9 lg day�1) (58) and Canada (6.2 lg day�1) (59) where

milk is routinely fortified with vitamin D. Biochemical

evidence of insufficiency of vitamin D in young children

has been reported in Ireland, as well as other European

countries (9,10,12), which may have a negative impact on

growth and development. The recent SACN vitamin D

and Health report (44) recommends that all children

under 5 years of age in the UK take a supplement of

vitamin D; however, no such recommendation exists in

Ireland at present.

Iron intakes in the present study were 6.8–7.9 mg

(range across age), which is broadly similar to that of

Dutch children (6.4–6.6 mg for age 2–3 years and 7.5–7.6
for age 4–6 years) (7) and children in the UK (6.4 mg for

age 1.5–3 years and 8.9 mg for age 4–10 years (5). Bio-

chemical evidence of insufficiency of iron in young chil-

dren has been reported in other European countries (9,11),

which may have a negative effect on cognitive function

and physical development. Inadequate intakes of calcium

and zinc were observed for 4-year-old children, primarily

associated with a large change in the EARs at this age;

however, no evidence of either calcium or zinc deficiency

is evident in EU populations (32,33). Iodine intakes

decreased with age from age 1 to 4 years, in line with a

reduction of milk consumption and inadequate intakes

were observed for 3- and 4-year-old children. A preva-

lence of moderate iodine deficiency of around 20% has

been reported in infants and young children in Europe
(1); hence, it is important to continue to monitor intakes

for this age group.

The percentage of children with usual intakes exceeding

the UL for vitamins and minerals was generally very low

except for relatively small fractions of children exceeding

the UL for zinc (9–13% for age 1–3 years), copper (6–8%
for age 2–3 years) and iodine (7–37% for age 1–4 years).

These findings are consistent with other studies (7,60) and,

although no adverse effects have been reported for excess

intakes of these nutrients in EU populations, there is a

need for more research to investigate the health conse-

quences of exceeding the UL for any of these nutrients.

Strengths and limitations

The main strengths of the present study are the detailed

dietary intake data (including brand level detail on forti-

fied foods and nutritional supplements and customised

recipes) and the use of nationally representative data for

estimating nutrient intakes and adequacy. The use of sta-

tistical modelling to estimate usual intakes accounts for

day to day intra-person variation and results in a better

estimate of the true distribution of nutrient intakes. It

also improves the estimates of the proportions of the

population with intakes above or below particular refer-

ence values (e.g. UL, EAR), which otherwise would be

overestimated. The cross-sectional nature of the data is a

limitation of the study. As with all self-reported data,

under- or over-reporting of food intake data may be

sources of bias. This issue was minimised by a high level

of researcher-participant interaction (three visits over the

4-day period) by trained nutritionists. Additionally, for

macronutrients and dietary fibre, intakes were expressed

as a percentage of energy intake, which partially corrects

this bias, and the removal of URs from estimates of the

prevalence of inadequacy provides a better representation

of the scale of micronutrient inadequacy.

Conclusions

In summary, the present analysis has shown that the diets

of Irish pre-schoolers are generally in good compliance

with nutrient recommendations for protein, fat, total car-

bohydrate, dietary fibre and most micronutrients. How-

ever, the findings suggest that a proportion of young

Irish children have inadequate intakes of some nutrients,

particularly vitamin D, iron and long chain PUFA

(LCPUFA). Furthermore, changes in nutrient intakes

from age 1–4 years have highlighted emerging unfavour-

able patterns of intakes of salt, saturated fat and free sug-

ars, which are associated with chronic diseases and have

been observed in the diets of older children and adults.

Further research is needed to identify dietary strategies

that improve the quality of the diet as young children

transition across this developmental phase, particularly in

relation to excess of saturated fat, added sugars and salt,

as well as inadequacy of vitamin D, iron and LCPUFA.
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