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Abstract
The prevalence of overweight and obesity is rising in all parts of the world
and, among young women, it presents a very clear danger during
pregnancy. Women who are overweight or who gain excessive weight
during pregnancy are at greater risk of complications in pregnancy and
labour, and are more likely to lose their child to stillbirth or die themselves
during pregnancy. This narrative review considers the evidence that, in
addition to increasing risk of poor pregnancy outcomes, obesity has the
capacity to programme foetuses to be at greater risk of cardiometabolic
disorders later in life. An extensive body of evidence from prospective and
retrospective cohorts, as well as record linkage studies, demonstrates
associations of maternal obesity and/or gestational diabetes with cardio-
vascular disease, as well as type 1 and type 2 diabetes. Studies in animals
suggest that these associations are underpinned by adaptations that occur
in foetal life, which remodel the structures of major organs, including the
brain, kidney and pancreas.

KEYWORDS
cardiovascular disease, diabetes, disease, life phase, obesity, pregnancy, therapeutic areas

Highlights
• Foetal exposure to maternal obesity is associated with greater risk of
childhood obesity, cardiovascular disease, type 1 and type 2 diabetes, and
renal disease.

• Animal studies suggest that the programming of health and disease by
maternal obesity is likely to be underpinned by remodelling of organ
structures during development.

• Placental adaptations to maternal obesity, including inflammatory
responses, may mediate the foetal tissue remodelling that occurs in response
to maternal obesity or excessive antenatal weight gain.

• Transgenerational cycles of obesity and related disorders, with
transmission through the maternal environment during pregnancy,
make intervention a high public health priority. In addition to the
periconceptual period, there are windows of opportunity around
breastfeeding and the timely and appropriate introduction of comple-
mentary foods in infancy.

J Hum Nutr Diet. 2022;35:816–832.816 | wileyonlinelibrary.com/journal/jhn
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THE LONG ‐TERM
CONSEQUENCES OF OBESITY
IN PREGNANCY

The determinants of health and disease

The last 30–40 years have seen a profound change in our
understanding of relationships between lifestyle and
chronic disease. Recognition that lifestyle factors could
modulate risk of non‐communicable disease arose from
the seminal works by Doll and Peto1 on tobacco smoking
and cancer and the elucidation of relationships between
dietary fat, cholesterol concentrations and the contribu-
tion of low‐density lipoprotein‐cholesterol to athero-
sclerosis.2,3 Following on from this recognition came the
now well‐established view that risk is heavily determined
by the interaction of lifestyle factors and the genotype.
The phrase ‘genes load the gun but the environment pulls
the trigger’ is widely quoted,4 after having been coined by
Judith Stern, a nutritionist from the University of
California. The research that is described in the present
review adds another layer to our understanding of the
lifestyle–disease relationship and, as will be discussed, it
is perhaps more accurate to say that genes load the gun,
early life factors take aim and the environment pulls the
trigger.

Figure 1 shows how different elements of broad
human biology establish risk of disease at any stage of
life. The contribution of genetics is strongest in the earlier
years and a high proportion of non‐communicable
disease in infants and children will have a strong genetic
component. The influence of lifestyle (smoking, diet,
alcohol, socioeconomic status, occupational exposures
and behaviours) becomes stronger as we age, but will
always be modified by the underlying genotype. How-
ever, the phenotype also plays a critical role. ‘Genotype’

describes the information encoded by DNA, whereas
‘phenotype’ refers to the traits the individual has when
the genotype is expressed. The translation of the
genotype to phenotype will be modified by epigenetic
factors (tags on DNA and histone proteins that modulate
gene expression in response to a range of factors,
including the environment) and the environment en-
countered during foetal and infant development. It is
helpful to regard health and disease status at any stage of
life as being the product of cumulative gene–environment
interactions at all previous stages of life.5 The outcomes
of such interactions at one stage of life will establish the
phenotypic traits that determine how future interactions
progress. This could be regarded as a lifecourse approach
to understanding disease, or to stretch Stern's gun
analogy further, we might say that the aiming of the
weapon prior to the environmental trigger that causes
detriment becomes more focused with ageing.

Because early development, particularly during the
phase of life when organogenesis irreversibly establishes
tissue structures, is a contributing factor to disease risk
many decades later, exploring the relationship between
maternal nutritional status in pregnancy and infant
development is of great interest. Although there is an
extensive body of evidence considering how maternal
undernutrition can ‘programme’ later disease,6 the major
nutritional concern in contemporary society relates to
overweight and obesity. Figure 2 shows recent trends in
overweight and obesity for adult women and infants aged
2–4 years. The marked rise in prevalence in both groups
is striking, and the impact of widespread overweight
among women of childbearing age upon the health of
future generations is yet to be fully evaluated. The aim of
this review is to discuss the evidence that links early life
events to disease in later life and consider observations
that indicate that maternal obesity is a key driver of non‐
communicable disease in the next generation. In the
review the focus will be primarily on epidemiological
associations between early life and later disease, although
findings from experimental animal studies will be
described as a means of illustrating the mechanisms the
likely mechanistic links.

MATERNAL OBESITY AND
PREGNANCY OUTCOMES

The risks associated with obesity in pregnancy manifest
during the pregnancy itself, although this review focuses
on the later impacts on the health of individuals who
experienced maternal obesity during foetal development.
Maternal weight status is an important determinant of
pregnancy outcomes for both mothers and babies, and
also of obstetric complications.8 Overweight, obesity and
excessive gestational weight gain are all risk factors for
poor outcomes. Optimal gestational weight gain is
dependent on weight status going into pregnancy.

FIGURE 1 The underlying determinants of health and disease are
complex and vary across the lifespan. At all stages of life, health status
is a product of gene–environment interactions. In early life, genetics
plays a more important role than in later life. Risk of disease at all
stages of life is a product of the outcomes of gene–environment
interactions at earlier stages

LANGLEY‐EVANS | 817
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Although women of ideal weight prepregnancy may gain
up to 16 kg across pregnancy, for those who are obese, a
gain over 9 kg would be considered excessive.9

Obesity and excessive weight gain increase the risk of
miscarriage10 and stillbirth.11 Obesity also increases risk of
maternal death by up to two‐fold, relative to ideal weight
women, depending on the severity of the obesity.12

Overweight, obesity and excessive weight gain increase
risk of all obstetric complications ranging from relatively
minor gastrointestinal disturbances13 through to the more
severe hypertensive disorders14 and gestational diabetes
(GDM)15. It is estimated that obesity increases the risk of
pre‐eclampsia by between 2‐ and 2.5‐fold16 and, because
the clinical response to this condition is to deliver the baby
early, obesity becomes a key risk factor for preterm
delivery. The association between obesity and gestational
diabetes increases risk of macrosomia and injury to
infants during delivery.17 Obesity and excessive gestational
weight gain also increase the risk of complications in
labour. Spontaneous initiation of sustained labour is
impaired, making induction more common in women with
a body mass index (BMI) > 30 kg m–2.18 Interventions,

including instrumented delivery and caesarean section, are
more frequent in pregnancies complicated by maternal
obesity.19,20

THE EARLY LIFE ORIGINS OF
HEALTH AND DISEASE

The starting point for this review was the idea that
lifelong risk of non‐communicable disease is a product of
interactions between genetic and epigenetic factors with
the environment at all stages of life. Disease risk at any
given point in life is partly determined by prior (epi)
genetic–environment interactions. The impact of such
interactions during foetal development is particularly
significant and exposures to adverse environments during
this phase of life are said to programme later disease risk.
In this context ‘programming’ refers to permanent,
irreversible adaptations to the environment, which
compromise capacity to maintain normal metabolic
and physiological function with ageing.6

The embryos of all animal species begin development
with the potential to develop and grow at a rate and to a
form, that is determined by the genotype inherited from
both parents. The expression of that genetic potential
will lead to an achieved phenotype (Figure 3), which
includes all aspects of anatomy, physiology, metabolism
and endocrine functions, and hence the balance between
health and disease. The early life programming concept is
based on the contribution of modifying factors that alter
the expression of the genotype and hence the achieved
phenotype. Modifying influences on development will
change the achieved phenotype at the level of individual
organs, systems, tissues and even specific cell types by
altering rates of cell division and differentiation. These
changes will determine the number of cells and types of
cells within a tissue and hence its resilience and
homeostatic responses to physiological and metabolic
challenges from the environment (dietary surplus or
deficit, infection, trauma).6 Ultimately, the establishment
of the phenotype from the genotype is never complete
and it continues to change throughout life, although
tissues are at their most plastic during the phases of
organogenesis and maturation which, in humans, occur
before birth. In this way, exposure to environmental
factors establishes the functional lifespan of each organ,
meaning the length of time over which it can maintain
normal function and the capacity to withstand further
adverse conditions. Beyond this functional lifespan, each
tissue will decline in function and disease will develop.

The range of factors known to have a programming
effect on the developing foetus is known to be broad
(Figure 3). Inevitably, most factors are maternally
derived as the intrauterine environment is where the
foetal genotype encounters stimuli from the outside
world, but there is an emerging body of evidence that
suggests paternal factors carried by semen may also have

(a)

(b)

FIGURE 2 The rising prevalence of obesity. (a) Overweight and
obesity among adult women in selected countries. (b) Overweight and
obesity among children aged 2–4 years in selected countries. Data from
Ritchie and Roser.7 Aus, Australia; Can, Canada; Chn, China; Fra,
France; Ger, Germany; Gre, Greece; UK, United Kingdom; USA,
United States of America

818 | CONSEQUENCES OF OBESITY IN PREGNANCY
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programming potential. Most attention has focused on
the influence of maternal nutritional status, and in
particular undernutrition. The way in which that is
signalled to the embryo and foetus is complex and
nutritional status is, in itself, a product of maternal
intakes, nutrient demands and stores.

The first compelling evidence that early life events
could programme disease in adulthood was derived from
ecological and retrospective cohort studies. Comparing
the geographical distributions of place of birth and cause
of death among more than 2 million individuals who died
in England and Wales suggested a strong influence of the
former upon risk of coronary heart disease in the
1970s.21 Similarly, the distribution of death from
coronary heart disease mapped closed onto the distribu-
tion of infant death in the 1920s.22 This suggested that
deprivation in early life was related to subsequent disease
and cause of death and that this relationship persisted
even when people moved to more affluent parts of the
country. Further studies found strong associations
between anthropometry at birth and risk of disease in
adult life. Across cohorts in many countries, including
the UK, Sweden, USA and India, it was noted that lower
weight at birth (but still within the normal range) was
associated with higher risk of blood pressure in
adulthood, type 2 diabetes, insulin resistance and death
from coronary heart disease.23–28 These observations
were particularly robust for type 2 diabetes and meta‐
analysis suggested a 25% greater risk of adult diabetes
with every 1 kg lower weight at birth.29

Other indices of infant anthropometry at birth were
also found to be associated with risk of ill‐health in
childhood and adult life. A larger head circumference,

for example, was associated with greater risk of atopic
wheezing in primary school age children.30 Thinness at
birth, measured as the ponderal index (weight/length3),
was found to associate with risk of type 2 diabetes as an
adult,31 and a smaller abdominal circumference was
associated with cardiovascular disease.32 Collectively,
these observations led to the theory that factors that
constitute an adverse environment for foetal develop-
ment, result in irreversible changes to how organs and
tissues develop, effectively programming their lifelong
function and risk of non‐communicable disease for the
exposed individual. The extremes of anthropometric
indices at birth are the immediate indicator that the
maternal environment has constrained genetic potential
for growth. In keeping with the idea that risk of disease
at any stage of life is the product of cumulative exposures
to adverse factors at earlier stages, more complex
analyses of retrospective cohorts showed interactions
between foetal and adult factors. Risk of insulin
resistance in 50‐year‐old men and women was greatest
in those who were born thin (low ponderal index) but
had higher body mass index as adults.33 Finnish women
born in the 1920s and 1930s were more likely to develop
coronary heart disease if they were of low birthweight
and gained weight more rapidly up to the age of
9 years.34 Similarly, the interaction of early life factors
with the genotype is evident from observational data.
Associations between common single nucleotide poly-
morphisms (gene variants) and disease were only
manifested in individuals of lower birthweight in a
cohort of Finnish adults.35,36

The originators of the programming hypothesis
postulated that the principle driver of early life

FIGURE 3 Maternal and paternal factors modify genetically determined developmental potential to determine the foetal genotype at birth

LANGLEY‐EVANS | 819
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programming was maternal undernutrition because
evidence suggested that birth anthropometry was deter-
mined by maternal nutritional status and because, at the
time the participants in the retrospective cohorts were
conceived and born (early 20th Century), undernutrition
was considerably more common than overnutrition,
overweight and obesity. Reinforcement of the nutritional
programming hypothesis came from follow‐up studies of
individuals conceived or born during the Dutch Famine
of 1944–1945. At the end of World War II, Nazi
blockade of food supplies to western Holland resulted
in 6 months of famine conditions. Adults who were
conceived at this time were more likely to develop
obesity, type 2 diabetes and coronary heart disease than
those born just before or just after the famine.37,38

Undernutrition at different stages of foetal development
had differential effects on disease in adult life. Exposure
to famine in early gestation was associated with greater
risk of coronary heart disease, schizophrenia and
depression, whereas exposure at any stage of gestation
was associated with type 2 diabetes.37 Similarly, foetal
exposure to the Great Chinese Famine of the 1950s was
associated with greater risk of ischemic heart disease and
stroke, non‐alcoholic fatty liver disease and type 2
diabetes39–41 but not left atrial enlargement.42

There are different ways of viewing the relationship
between anthropometry at birth and disease in adult life.
Nobody would view being born small as being a direct
cause of non‐communicable disease. Lower weight or
thinness at birth are merely indicators of risk. There are
three main schools of thought about what the observed
relationship means. The simplest view is that the
association represents a trade‐off in foetal life. Adverse
conditions in pregnancy as a result of undernutrition or
other maternal stressors either result in death of the
embryo or foetus, or the conceptus survives through
adaptations of tissue structures.6 These adaptations
become permanent as they occur during organogenesis,
and are subsequently disadvantageous to the adult
(Figure 4). Others have considered the persistence of
what appears to be maladaptation through evolution and
have proposed that, when the foetus adapts to the

prevailing environment encountered by its mother, it
develops characteristics preparing it for the continuation
of that environment after birth. Disease risk will only
develop if conditions improve.43,44 For example, condi-
tions of undernutrition would be better responded to if
an individual were programmed in foetal life to be more
energetically efficient. However, if in future the individ-
ual lives in an environment where nutrition is plentiful,
then they would be more likely to become obese. The
third viewpoint is that the birth anthropometry–later
disease association is an indication that there are genetic
variants that mediate both foetal growth restriction and
non‐communicable disease.45 For example, Warrington
et al.46 reported on genome wide association analysis of
maternal and offspring genotypes, birthweight and
cardiometabolic disease in a population of more than
200,000 individuals. The analysis found 190 independent
association signals indicating that the foetal genotype
determined both birthweight and adult blood pressure.
This would discount any involvement of maternal
nutritional status or other putative programming factors.

The foetal programming hypothesis is also open to
criticism because so much of the supporting evidence is
dependent upon retrospective analysis of data gathered
for other purposes. Studies that attempt to link
indicators of the foetal environment with outcomes that
manifest more than five decades later are inevitably
vulnerable to confounding factors that cannot be fully
controlled for in the statistical analysis.6,47 In most
studies, except those that have involved follow‐up of the
wartime and other famines, there is no direct measure of
maternal nutritional status and much is inferred from
birth anthropometry as an imperfect proxy of under-
nutrition. A number of prospective cohort studies48–50

have been established to investigate the maternal
nutrition relationship with offspring health, but all of
these are still many decades away from yielding useful
observations that can adequately confirm or refute the
hypothesis.

Given the counter‐arguments to the nutritional
programming hypothesis, it has been important to assess
the biological plausibility of the concept using

FIGURE 4 Programming of disease in later life
can be driven by both maternal under‐ and
overnutrition

820 | CONSEQUENCES OF OBESITY IN PREGNANCY
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experimental animal models. These have been able to
demonstrate direct programming responses to manipula-
tion of maternal diet, in the absence of genetic variation.
Tests of the maternal diet–disease relationship have
shown that the concept holds true, with a high degree of
confidence. Programming through maternal undernutri-
tion has been shown in a wide range of mammalian
species including pigs, sheep, guinea pigs, mice and
rats.47 In genetically in‐bred rodents, restriction of
maternal food intake, induction of iron deficiency and
feeding a low protein diet in pregnancy impair foetal
growth, disrupt placentation, lead to defects of glucose
homeostasis, increase blood pressure and impair renal
function in adult offspring, whose lifespans are
reduced.51 Studies of non‐human primates also demon-
strate that maternal undernutrition in pregnancy
adversely programmes physiological and metabolic
function in the exposed offspring.52 Critically, the animal
studies have shown that maternal undernutrition can
programme later disease without any effect on birth-
weight. This undermines the argument that epidemiolo-
gical evidence of programming is explained by genetic
variants that influence both foetal growth and long‐term
cardiometabolic functions.45

As in humans, the adverse effects of maternal
undernutrition upon offspring tend to develop with
ageing. For example, rats exposed to low protein diets
during foetal life can maintain normal renal function
until they are 9 months old (approximately 40% of
lifespan) but thereafter function declines more rapidly
than in control rats and many males subject to maternal
protein restriction die as a result of renal failure.53,54 The
same animals exhibit enhanced homeostatic responses to
glucose loads as young adults but, at 18 months old, are
insulin resistant, whereas control animals rarely show
this impairment.55,56. Consistent with the lifecourse view
of health and disease, responses to nutritional challenges
in adult life are modified by the foetal nutritional
experience. Rats whose mothers were severely food
restricted in pregnancy have an exaggerated response to
a hypercaloric diet as adults, becoming more obese and
metabolically impaired than offspring of mothers who
were fed their normal diet.57 Genetically modified mice
with a diet‐dependent predisposition to coronary heart
disease had a greater atherogenic response to a high
cholesterol diet if exposed to maternal protein restriction
in utero.58

MATERNAL OBESITY AND THE
PROGRAMMING OF DISEASE

With respect to investigating the associations between
maternal undernutrition and programming of disease,
experimental animal studies proved to be a useful follow‐
up to the epidemiological observations, critically demon-
strating the biological plausibility of the programming

hypothesis and generating data relating to possible
programming mechanisms. When considering possible
links between exposure to maternal obesity and disease
in adult life, the animal studies came largely before any
amassing of compelling epidemiological evidence.

Obesity can be difficult to induce in experimental
animal species as rodents, in particular, are better able
than humans to regulate their energy balance.59 Rats and
mice are the species of choice for experimental models,
and many studies rely on feeding diets high in fat and
sugar to increase adiposity. Studies of this nature have
shown that obesity in pregnancy can programme glucose
intolerance, dyslipidaemia and elevated blood pressure in
offspring.60 However, these experiments may be con-
founded by the fact that the offspring are exposed
directly to these diets in addition to the maternal
adiposity during foetal development and the suckling
period. To modify the maternal diets to increase fat and
sugar content inevitably reduces intake of protein and
micronutrients and this is known to have a programming
impact in itself.47 It is important to appreciate that these
diets are provided to animals as a homogenous, pelleted
foodstuff and ingesting high quantities of sucrose or
specific fatty acids may be directly responsible for
programming effects through their bioactivity, rather
than the interpretation that the effects are a result of
maternal obesity.59

An alternative approach has been to induce obesity
using cafeteria feeding. This involves rats being offered a
constantly changing array of highly palatable human
foods in addition to their baseline (low energy) rodent
feed.59,61–64 Once obesity is established, the rats can be
transferred to their lower energy food, or maintained on
the cafeteria diet for pregnancy, and offspring can be
kept with their mothers or cross‐fostered to mothers with
a different dietary or weight status. In this way, the
effects of obesity during pregnancy and lactation can be
studied independently of direct dietary effects. This
approach has shown that maternal obesity can pro-
gramme brain development and behaviour, adiposity and
glucose homeostasis in offspring.63–66 Rats exposed to
cafeteria diet in utero have an enhanced preference for
high sugar and high fat foods when they are adults. In
non‐human primates, maternal obesity has similar effects
to that observed in rodents. In young Japanese
macaques, the offspring of obese mothers fed a Western
style diet exhibited impaired insulin sensitivity in muscle
even before they were weaned.67 Hypersecretion of
insulin by pancreatic islets of young macaques exposed
to this Western diet in utero suggests that there is a
programmed dysfunction of glucose metabolism that will
deteriorate with ageing.68

In humans, it is well recognised that there is a strong
genetic component to obesity. Individuals with one or
two obese parents are more likely to be obese themselves
and the heritability of an obese phenotype has been
estimated to be as high as 70%. Whitaker et al.69 reported
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that the risk of obesity with one obese parent was
doubled, but interestingly the relationship was stronger
where it was the mother who was obese. Such observa-
tions do not only reflect genetic influences because
children will generally share their environment with their
parents and hence experience the same dietary and
behavioural drivers of excessive fat deposition. Explora-
tion of a possible programming basis for this was initially
stuck on the idea that low birthweight was a driver of
later disease, as discussed earlier in this review. Studies
showed that birth anthropometry was predictive of later
obesity. A longitudinal follow‐up of the 1956 UK Birth
Cohort found a J‐shaped relationship between birth-
weight and BMI in 33‐year‐old men and this appeared to
be heavily driven by maternal but not paternal weight.70

A Finnish study found that the risk of abdominal obesity
was greater in young adults who had been born small‐
for‐gestational age.71 Generally, the evidence supported
the view that obesity in adolescence and adulthood was
predicted either by low birth weight or being a large baby
at birth.72 These observations of indirect relationships
between early life exposures, with birthweight as a proxy
are, however, somewhat obsolete given there are more
recent reports of direct associations between maternal
BMI and adverse health indicators and outcomes in
offspring.

The Growing Up Today study has followed up
approximately 15,000 children of women who partici-
pated in the well‐characterised US Nurses Health
Study.73 When followed up in adolescence, those who
had been exposed to GDM during foetal development
were more likely to be overweight. The analysis indicated
an independent influence of maternal BMI in this
relationship.73 If mothers maintained a healthy weight
before pregnancy and engaged in a healthy dietary
pattern, 150min or more of moderate/vigorous exercise
and avoided smoking, then their children were less likely
to be obese between 9 and 14 years.74 Maternal BMI
between 18.5 and 24.9 kg m–2 was associated with a lower
risk of childhood obesity (odds ratio [OR] = 0.44, 95%
confidence interval [CI] = 0.39–0.50 relative to higher
BMI range) and maternal BMI was the strongest
predictor of childhood weight outcomes. Other studies
have similarly indicated that adiposity is greater in
children whose mothers were living with obesity.75–77 A
follow‐up of Thai 19–22 year olds found a 25% greater
risk of obesity for every 1 kg m–2 increase in maternal
BMI. The risk of offspring obesity among the children of
mothers with BMI in the obese range was 17‐fold higher
than in children of mothers of ideal weight.78

Of far greater significance are the observations that
maternal obesity has a long‐term impact on metabolic
function and disease outcomes. Some of these have been
derived from record linkage studies of very large
populations. Follow‐up of 2.23 million Swedish births
between 1992 and 2016 found that diagnosis of
cardiovascular disease between the ages of 1 and 25

years was more likely in those whose mothers had been
obese in pregnancy than it was in those whose mothers
had been of ideal weight.79 The risk was graded so that,
although those whose mothers had BMI between 30 and
34.9 kg m–2 were 16% more likely to have cardiovascular
disease, this increased to 2.51‐fold if maternal BMI was
over 40 kg m–2. Tan et al.77 found that elevated
cardiovascular disease risk factors (raised blood pressure,
dyslipidaemia) were present in 13‐year‐old children of
mothers who were overweight or obese relative to
children of mothers of ideal weight. Follow‐up of Finnish
men and women born between 1934 and 1944 found that
those whose mothers had had a BMI > 28 kg m–2 in
pregnancy were at greater risk of cardiovascular disease.
Men were more prone to coronary heart disease and
women to stroke.80 Reynolds et al.81 showed that, among
37,709 34–61‐year‐olds, all‐cause mortality was greater in
those whose mothers had been obese than in those whose
mothers had been of idea weight. Offspring of mothers
with BMI > 30 kg m–2 were also more likely to have had
a hospital admission with cardiovascular disease (OR =
1.29, 95% CI = 1.06–1.57).

Exposure to maternal obesity is associated with
metabolic dysfunction. Boney et al.82 reported that
11‐year‐old children were at increased risk of developing
the metabolic syndrome if born to mothers living with
obesity. A similarly elevated risk of insulin resistance was
observable in young men and, to a lesser extent, women
if their mothers were obese,76 whereas Bucci et al.83

reported muscular insulin sensitivity was impaired in frail
elderly men (average age 72 years) whose mothers had
been obese. Follow‐up of men and women born in
Helsinki in the 1930s and 40 s demonstrated that women
whose mothers were of higher BMI were at greater risk
of developing type 2 diabetes as adults.80 In the same
way, record linkage of 118,201 Aberdeen births
(1950–2011) to the Scottish diabetes register revealed
that offspring of overweight (OR = 1.39, 95% CI =
1.06–1.83) and obese (OR = 3.8, 95% CI = 2.33–5.06)
mothers were at markedly elevated risk of type 2
diabetes.84 There is also evidence that maternal obesity
increases the risk of type 1 diabetes as among more than
1.26 million Swedish children born between 1992 and
2004, obesity in pregnancy predicted a type 1 diabetes
diagnosis (OR = 1.33, 95% CI = 1.2–1.48).85 Similarly,
analysis of data relating to the births of children who
were subsequently hospitalised with type‐1 diabetes
found that maternal BMI > 30 kg m–2 was a significant
risk factor (OR = 1.29, 95% CI = 1.01–1.64).86 To some
extent, this relationship could be explained by the
association of maternal obesity with higher birthweight
because there is an association between higher weight at
birth and type 1 diabetes.87 Alternatively, it may be that
maternal obesity is a driver of autoimmune damage to
the infant pancreas. Analysis of blood markers of islet
autoimmunity in neonates found that maternal obesity
and gestational weight gain over 15 kg were associated
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with an autoimmune profile,88 although other studies
have not confirmed this observation.89 Further studies
suggest that maternal obesity may programme renal
development and function90 and asthma.91

A number of studies are suggestive of programming
effects of maternal obesity and/or obesogenic diets on
appetite and food preferences in humans. A preference
for a higher carbohydrate intake was observed in adult
men, whose mothers were obese in pregnancy.92 Follow‐
ups of the Avon Longitudinal Study of Parents and
Children found that, at age 10 years, dietary choices were
strongly related to those of mothers prepregnancy. There
was no evidence of any paternal influence on children's
food choice, and the relationship between childhood
feeding and mother's postnatal behaviours was less
marked. This supports the idea that appetite regulation
is programmed in utero.93 In the same cohort, unhealthy
maternal behaviours including consumption of ‘junk’
food in pregnancy was associated with fat mass in 15‐
year‐old children, again with no paternal influence.94

Wardle et al.95 found that, among lean children with
overweight or obese parents, there was a higher
preference for fatty foods in taste tests and an ‘over-
eating’ eating style. Although the study did not split the
cohort dependent on whether the mothers or fathers were
obese, the average BMI of the mothers in the study was
36 kg m–2, whereas it was only 29 kg m–2 for the fathers.
The data add to the view that maternal obesity
determines offspring feeding behaviour in humans, as it
does in experimental animals.66,96,97

MECHANISTIC PERSPECTIVES ON
PROGRAMMING BY OBESITY

Many putative mechanisms have been suggested to
explain how maternal nutritional status during preg-
nancy can programme disease risk in the exposed
offspring. For any programming to take place, there
needs to be some signal, or signals, of the maternal
environment to the foetus. This signal then has to be
recognised and elicit a response. There is a lot of debate
about the process of recognition to initiate the response,
with many researchers suggesting that maternal nutri-
tional status elicits changes to the foetal epigenome and
thereby sets in train long‐term physiological adaptations,
although the evidence for this is, as yet, not wholly
convincing. The nature of the response to the maternal
environment is somewhat easier to determine and one of
the simplest mechanisms that can explain how variation
in maternal nutritional status (including obesity) brings
about changes in foetal anatomy and physiology involves
the process of tissue remodelling. This rests on the idea
that changes to the numbers of cells or the type of cells
present within a tissue will reshape the morphology of
that tissue and could have profound effects upon organ
function.6

All organs and tissues are derived from small
populations of embryonic progenitor cell lines, which
go through waves of rapid cell proliferation and
differentiation to achieve their development before
parturition. An adverse maternal environment during
these critical periods can effectively prevent formation
of an optimal number of specialised structures (i.e.
remodelling the genetically determined pattern) and
limit the functional capacity of the mature organ. There
is extensive evidence from animal studies of maternal
undernutrition which demonstrates remodelling takes
place in response to adverse conditions in a range of
organs, including the kidneys, brain and pancreas98–100

This remodelling appears to underpin foetal program-
ming of renal disease, appetite regulation and impaired
metabolic regulation. Although harder to demonstrate
in humans, there is evidence of associations between
low birthweight and renal structure.101–103 The evi-
dence base for tissue remodelling in response to
maternal obesity is more limited but, in rodents, there
is evidence that offspring of obese mothers fed a
cafeteria diet prior to pregnancy also have altered renal
structure (lower nephron number; A. Akyol and
S. Langley‐Evans, unpublished data). Interestingly,
ultrasound examination of the kidneys of infants who
mothers were obese indigenous Australians indicated
that they had lower kidney volume, consistent with
having been remodelled.90

Modifying the numbers and types of cells present
within a tissue will have a range of consequences and the
knock‐on effects on metabolic and physiological regula-
tion will establish a predisposition for non‐
communicable disease. This will not manifest as disease
in childhood, instead being revealed when the individual
undergoes metabolic or physiological challenge, or as
tissue functions naturally deteriorate with age. Altera-
tions to the profile of cell types present within a tissue
may also modify the capacity of a tissue to produce or
respond to hormones, alter gene expression or interfere
with cell signaling pathways. Some of these changes may
have very localised effects, simply impacting upon the
function of a particular tissue, but others could disrupt
regulation throughout the body. The epidemiological
evidence that points to an association between maternal
obesity and later disease in humans is well matched with
the evidence from animal studies, and both point to
disruption of metabolic regulation at the whole‐body
level. As shown in Figure 5, this may result from
remodelling of multiple tissues. Remodelling of adipose
tissue so that there are fewer cells may underpin the
observed propensity for offspring of women with high
BMI to become obese because adipose tissue dysfunction
impacts both the storage capacity of the tissue and
regulation of metabolism by adipokines. Insulin resist-
ance and the reported type 1 and type 2 diabetes in
individuals exposed to obesity in foetal life could be
explained by pancreatic remodelling and programming
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of liver structure could contribute to a number of
metabolic anomalies including the dyslipidaemia
reported by Tan et al.77 Remodelling of the hypo-
thalamus has been reported as an outcome of maternal
protein restriction in rats. If the tissue were also sensitive
to maternal obesity, then the impact on whole‐body
homeostasis could be profound. Evidence from rodent
studies suggests maternal obesity during lactation does
have an impact on hippocampal and hypothalamic
neurotransmitter production, with consequent effects
on behaviour and feeding.65,66,104 The observations that
men who had obese mothers have a greater preference
for carbohydrates92 and that children's food preferences
follow their mother's prepregnancy behaviours but not
their father's,93 may indicate that the same mechanisms
could operate in humans.

Tissue remodelling provides a route through which
the adverse developmental environment of maternal
obesity can programme offspring health, but does not
explain how the foetal tissues receive signals of that
environment. Whatever the programming stimulus or
insult is, there is little doubt that it is mediated via the
placenta. As shown in Figure 6, the placenta is not a
passive facilitator of movement of oxygen, substrates and
metabolic waste products between maternal and foetal
compartments. It is a metabolically active tissue that
generates substrates for the foetus and is a source of
hormones and growth factors. All signals between
mother and foetus are subject to modulation by placental
activity.

The impact of maternal obesity on placentation is
demonstrated by the greater risk of pre‐eclampsia104 in
obese women. In pre‐eclampsia, inflammatory processes
and oxidative injury leads to arterial dysfunction and
breakdown of transport capacity.105 It is likely that the
condition is the extreme endpoint of damaging impacts
of maternal obesity on placental integrity and function.
This probably has adverse programming effects on foetal
development. Histopathological analyses of placentas
from obese women show evidence of inflammatory
processes and under‐perfusion, even in the absence of
pre‐eclampsia.106 As early as the first trimester, obesity
alters the expression of cell cycle regulatory genes in the
placenta, which may impact on further placental growth
and development and the capacity to maintain function
at later stages of pregnancy.107 Among the hormones
secreted by the placenta are leptin and adiponectin.
These adipokines influence the development of adipose
tissue in the foetus. Leptin also modulates the formation
of the homeostatic endocrine axes in the foetal brain.
Measurements of adipokine concentrations in cord blood
at birth has shown elevated concentrations with maternal
obesity.108

FIGURE 5 Remodelling of the structures of specific tissues in
foetal life may explain how maternal obesity programmes offspring
adiposity and metabolic function

FIGURE 6 The placenta must mediate the signal of maternal nutritional status to the foetus
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In addition to changes in the expression and release
of endocrine signals, obesity impacts on fatty acid
metabolism in the placenta. Altered expression of
transcription factors and regulatory genes, including
peroxisome proliferator activated receptor gamma coac-
tivator 1 and carnitine palmitoyltransferase 1alpha will
impact on both lipid and carbohydrate metabolism and
has been observed alongside elevated low‐density
lipoprotein‐cholesterol and lower high‐density
lipoprotein‐cholesterol concentrations in cord blood of
foetuses exposed to maternal obesity.109 Similarly, the
observation that expression of genes that regulate
placental cholesterol transport is related to maternal
BMI suggests that cholesterol handling is disrupted by
maternal obesity.110 This may promote atherogenesis in
the placental vessels (associated with pre‐eclampsia) and
disrupt steroid hormone production. Obesity impacts
upon fatty acid transport by the placenta and promotes
an inflammatory response.111 The capacity of the
placenta to store fatty acids is limited with obesity,
resulting in greater mobilisation into the foetal
compartment.112

Clues with respect to the mechanism of programming
by maternal obesity may be gained from studies of GDM
because the long‐term health of offspring exposed to
GDM is largely the same as that observed with maternal
obesity, although obesity can occur without GDM and
vice versa. As early as 2 years of age, GDM offspring
exhibit markedly greater risk of obesity113 and this
persists into childhood.114–116 Dabelea et al.117 followed
up sibling pairs where one of the pair had been exposed
to GDM and the other had not. Among people in their
early 20s, those who had experienced GDM in foetal life
had a BMI on average 2.6 kg m–2 greater than unexposed
siblings.117 Alongside greater risk of obesity, offspring of
GDM‐affected pregnancies are at greater risk of meta-
bolic disorders. Damm et al.118 reported a two‐fold
greater risk of obesity in adults exposed to GDM
in utero, accompanied by an eight‐fold greater risk of
prediabetes and diabetes than in the background
population. The adverse effects of exposure to GDM
may be much broader, with, for example, reports of
greater prevalence of psychiatric disorders in adults
whose mothers had the condition in pregnancy.119

A simple explanation of how GDM and possibly
maternal obesity provide the insult that programmes
long‐term consequences for the exposed offspring is that
an excess of energy substrates reaches the foetal
compartment. The conventional wisdom is that this is
the cause of macrosomia in GDM pregnancies because
the foetus is hyperinsulinaemic and the insulin resistance
of the mother drives glucose and lipids across the
placenta.8 However, this is an over‐simplification
because, similar to obesity, GDM has a broad impact
on the placenta that will bring other factors into play.
Widespread morphological changes including hypervas-
cularisation and an increase in placental size and

thickness are proposed to be a compensatory response
to GDM which will preserve placental perfusion.120

There is also an increase in placental inflammation.121

Several defects of placental metabolism and function
have been reported with GDM, including a reduction in
iron transport122 and changes to lipid metabolism.123

With GDM, the placenta accumulates elevated concen-
trations of saturated fatty acids, with reduced transport
of mono‐ and polyunsaturated fatty acids to the
foetus.123

Although it is clear that the basic mechanisms driving
the programming of health and disease by maternal
obesity involve signalling across the placenta and a foetal
tissue response at the level of gene and protein
expression, the precise nature of the maternal signal
and the foetal response in humans remain unknown.
Identifying the mechanism is a high priority because,
without this understanding, any intervention to prevent
the long‐term consequences of maternal obesity will
remain solely dependent upon health education and
behaviour change strategies. Experience suggests that
these have limited efficacy at the population level.

IMPLICATIONS FOR THE FUTURE

The global obesity crisis will have profound conse-
quences for the health of populations for decades to
come. Obesity in adults is well recognised as a modifiable
risk factor for type 2 diabetes, cardiovascular disease and
many types of cancer. The evidence presented above
would also suggest that the increasing numbers of
individuals exposed to maternal overweight and obesity
are themselves at greater risk of becoming obese and the
associated cardiometabolic disorders. They will, in turn,
be exposing their children to obesity in utero. There is a
significant risk that a transgenerational cycle of obesity
will be, or has already been, established (Figure 7). Such
a cycle would have consequences for public health over a

FIGURE 7 A transgenerational cycle of obesity and related
disorders
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century or more unless effective means can be found to
break it. Importantly, as obesity rates increase most
rapidly in the populations of the global south, there is a
risk of an explosion of metabolic disease on an
unimaginable scale in nations ill‐equipped to deal with it.

Breaking such a cycle is a public health challenge of
colossal complexity. The mode of intervention must be
multifactorial, comprising locally tailored, culturally
sensitive community education, widespread screening
for predisease and investment in preventive health
services. In short, a global shift in food cultures and
living environments is necessary. Achieving this is
unlikely, but, as the global focus moves towards
sustainability, there may be opportunities to make
inroads. The timing of interventions to break the
transgenerational obesity cycle also needs to be con-
sidered in a more holistic manner. It is simple to think
that the antenatal period is the key window for
intervention. Limiting gestational weight gain and
promoting a return to prepregnancy weight in the
postpartum period will have many benefits. Pregnancy
is perceived as a teachable moment when women are
more open to public health messages and willing to make
lifestyle changes,8,124 although numerous large‐scale
trials show limited efficacy of, and high resistance to
pregnancy‐focused interventions.125,126 The most effec-
tive approaches to managing weight gain in pregnancy
appear to rely on more personalised interventions that
are supported by eHealth packages and health profes-
sionals who have received appropriate training.8,127,128

Midwives, in particular, can find it difficult to engage
with women about excess weight gain129,130 but may find
it useful to have an understanding of the transgenera-
tional consequences of antenatal obesity as they frame
their conversations with women.

Recommendations on antenatal weight management
are heavily focused on women making changes to diet
and lifestyle before they conceive.8 For women with
extreme obesity, this might involve bariatric surgery and
a number of studies demonstrate that women who
achieve large weight loss through surgery have healthy
pregnancies with reduced risk of complications and good
outcomes.131–133 There is an emerging literature on the
effects this weight loss may have on the long‐term health
of babies born after weight loss. Smith et al.134 compared
siblings whose mothers had undergone bariatric surgery,
examining health indices in those born before and after
the surgery. Individuals born after weight loss surgery
were born with lower birthweight and were markedly less
likely to be obese than their siblings born before the
surgery. There was also evidence of better insulin
sensitivity, lower concentrations of inflammatory mark-
ers and adipokine concentrations that were more
consistent with metabolic health.134 However, the study
only considered 49 sibling pairs and the ages of the
subjects varied widely (2.6–26 years of age). The
systematic review of Dunford and Sangster135 concluded

that prepregnancy weight loss results in lower body
fatness and improved insulin sensitivity in children born
after weight loss compared to before, and suggested that
changes to DNA methylation may play a role in this. A
study of 31 sibling pairs noted differential DNA
methylation of genes associated with insulin receptor
signalling and type‐2 diabetes risk.136 However, because
the study was small and the significance of methylation
differences in whole blood samples is debatable, inferring
a mechanism of programming from this is premature. It
is hopeful, however, that action to address weight
problems before pregnancy can prevent maternal pro-
gramming of adverse health in the developing foetus. A
number of trials are now underway aiming to address the
impact of major weight loss on long‐term health and
wellbeing.137,138

Just as health at any stage of life is dependent upon
the outcomes of gene–environment interactions at all
preceding life stages, there are also opportunities to
intervene and break the programmed trajectory during
childhood. The literature that explores the tracking of
obesity from childhood to adulthood indicates that the
obese child is not predestined to become an obese adult,
although obesity in adolescence does appear to track
strongly to the adult years.139,140 This highlights that the
childhood years are a key time to address overweight and
obesity that may have been programmed in utero.
Importantly, the evidence shows that early intervention
to reverse excessive weight in childhood removes any
residual metabolic risk, such that the obese child who
becomes a lean adult is at no cardiometabolic
disadvantage.139,140

Choices about infant feeding methods may represent
the first point in the postnatal period when the impact of
being an obese mother may be ameliorated. Systematic
reviews and meta‐analyses indicate that breastfeeding
reduces the risk of childhood and adult obesity, with
exclusive breastfeeding and breastfeeding for a longer
period (up to 12 months) having greater benefits.141

Horta et al.142 showed that breastfeeding was protective
against overweight and obesity in both childhood (OR =
0.74, 95% CI = 0.68–0.79) and in adults (OR = 0.88, 95%
CI = 0.82–0.94). The greater risk of overweight seen in
formula fed infants could result from the higher protein
content of formula milks,143 but it is also clear that
breastfeeding brings advantages beyond just the milk
composition. Demand‐led feeding, for example, will be
associated with the normal development of satiety
pathways and appetite regulation, and milk contains a
range of non‐nutrient components. These include the
appetite regulatory hormones leptin, adiponectin, resistin
and ghrelin,144 which may play a key role in establish-
ment of appetite control in the infant hypothalamus.145

Although breastfeeding may represent a means of
compensating against exposure to obesity in utero, little
is known about how obesity changes the composition
(nutrient and hormone) of human milk and whether
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breastfeeding by an obese mother carries the same
advantages as reported for the full breastfeeding
population. Studies in rodents have identified that
cafeteria feeding during lactation can programme off-
spring feeding and other behaviours, suggesting that milk
may carry adverse programming signals.65,66,146 How-
ever, the immaturity of rat pups at birth makes them very
different to human infants, and so the same milk‐related
cues may not apply in the development of the human
infant brain. Human milk is considered to be a highly
dynamic food, with its composition changing according
to stage of development, as well as in response to diet and
time of day, and even varying between breasts in the
same woman. However, much of the literature on milk
composition is old and features poorly designed, small
studies and little is known about how milk composition
varies in response to acute changes in diet and what
impact maternal adiposity may have. Leghi et al.147

reported that concentrations of macronutrients in milk
showed little variation over a 3‐week‐period. Ward
et al.148 found considerable diurnal variation in compo-
sition. Acutely increasing maternal fat consumption did
not impact on macronutrients in milk over a 12‐h period,
whereas, in contrast, an increase in sugar intake resulted
in a rapid increase in milk triglycerides.148 A lot more
research is required to understand what type of diet may
be optimal for the production of an anti‐obesogenic milk
profile by women and how this may vary between women
of ideal weight and those who are overweight.

The introduction of complementary foods (weaning)
is another point in time where decisions may have long‐
term benefits for further health. The timing of weaning is
considered to play an important role and, as described
above, maintaining breastfeeding throughout the process
prolongs exposure to human milk and the associated
beneficial factors. There is evidence that very early
introduction of solids (before 4 months) or delaying to
beyond 6 months may increase the risk of childhood
overweight.149 The inclusion of foods rich in protein
appears advantageous in terms of infant growth and
body composition but, if used in complementary feeding
between 2 and 12 months, the risk of overweight in
childhood is increased.150 There is a literature that
considers feeding style during weaning, with some
researchers advocating that a baby‐led weaning
approach, rather than a parent‐led spoon‐feeding
approach, reduces risk of later obesity by allowing the
infant to self‐regulate intake and programme the
development of satiety centres in the hypothalamus,
which are not mature at birth. However, there is no
significant evidence that there is a robust effect, and
baby‐led weaned infants may in fact self‐select a diet that
is high in sugars.151–153

To effectively meet the challenge of a transgenera-
tional cycle of obesity and metabolic disorders, a
multifaceted approach will be necessary. This needs to
target: infants and children to promote healthy eating

and lifestyles; adolescents to reinforce those messages
before they become reproductively active; pregnant
women to optimise nutrition, control weight gain and
prevent GDM; and the postpartum period to promote a
return to prepregnancy weight and facilitate long‐term
breastfeeding.154 The emergence of evidence that pater-
nal factors can also programme cardiometabolic health
in offspring via semen‐related factors means that boys as
well as girls need to be the focus of optimal health
behaviours for parenting.155,156 The global increase in
obesity among children and adults is a public health
concern with the potential to have consequences over
many generations. The growing understanding that
excessive adiposity in pregnancy can threaten both the
immediate and long‐term health outcomes for the
developing foetus should act as a stimulus for action
across the world. Improving the nutrition and under-
standing of young people aiming to optimise their
reproductive fitness will be a considerable challenge in
the face of other societal and population health issues,
but should be regarded as a high priority.
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Abstract
Background: The development of affective learning during healthcare student
education is essential for professional practice. Current studies are limited to
short‐term studies with medicine and nursing students. Longitudinal studies
are emerging; however, the research within allied health students remains
scant. The present study investigates the value of simulation‐based learning
activities in relation to affective learning among dietetic students.
Methods: A double hermeneutic, interpretative phenomenological approach
(IPA) approach was employed, followed by an analysis of the trajectory of
participants' affective learning across three‐interview time points via the ap-
plication of Krathwohl's affective learning levels.
Results: The simulation developed affective learning in four of the six parti-
cipants, specifically in relation to their view of themselves as practitioners and
their understanding of their future responsibilities to patient care. Three key
themes were identified in the participants: (1) feeling of workforce readiness,
(2) valuing lifelong learning and (3) attitudes towards interprofessional
teamwork.
Conclusions: This IPA methodology described dietetic students' affective
learning development as they transitioned to practice as graduate health
professionals. Simulation‐based learning is one activity that enhances students'
learning in the affective domain and educators should consider its value within
their programs

KEYWORDS
dietetics clinical practice, education communicationand education, qualitative study design and
analysis

Key points
• Simulation can enhance affective learning among dietetic students.
• The simulation developed affective learning in four of the six participants,
specifically in relation to their view of themselves as practitioners and their
understanding of their future responsibilities to patient care.

• Three key themes were identified in the participants: (1) feeling of workforce
readiness, (2) valuing lifelong learning and (3) attitudes towards inter-
professional teamwork.

J Hum Nutr Diet. 2022;35:872–882.872 | wileyonlinelibrary.com/journal/jhn

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
© 2022 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of British Dietetic Association.

http://orcid.org/0000-0001-8226-7910
http://orcid.org/0000-0002-9423-5067
http://orcid.org/0000-0003-4655-0131
http://orcid.org/0000-0002-7860-0319
mailto:m.oshea@griffith.edu.au
https://wileyonlinelibrary.com/journal/jhn


INTRODUCTION

Affective learning, which focuses on values and attitudes, has
long been a key component of health professional education,
given the need to work with diverse patient groups in com-
plex situations.1–3 As one of the three domains of learning,
affective learning sits alongside the psychomotor and cog-
nitive domains.4 Following the initial description of learning
levels in the cognitive domain by Benjamin Bloom in 1956, a
model for the affective domain was developed by Krathwohl
et al.5 in 1964. Affective learning has been categorised in a
hierarchy of five levels: receiving, responding, valuing, orga-
nization and characterization.5

Affective learning processes, related to emotions, atti-
tudes and motivation, also contribute to the development of
cognitive and psychomotor domains.6 The governing bodies
of all health disciplines provide frameworks of competency
or entry‐level graduate standards. When reviewing these
standards, a varying terminology is used to describe affective
learning or related attributes in each profession, with no
uniformity evident2,3,6–8 despite the three domains being
‘extricably intertwined’.9,10 In medical education, commu-
nication and teamwork have been identified as affective
domain skills3; however, these cannot be isolated, and other
affective aspects of respect, responsibility, duty 7 and pro-
fessionalism11 are also at play. Among the few studies in this
area with dietetic students to date, affective learning has al-
ways been paired with cognitive learning and the studies
have not focused on defining each domain separately.12–14

Aspects of professionalism in dietetics students have been
considered difficult to describe15 and assess with current
knowledge tests in relation to competency‐based educa-
tion.16,17 Despite the widely‐recognised importance of the
affective learning domain, measuring or assessing its devel-
opment in health students has received far less study.6,11,18

In dietetics education, the literature investigating af-
fective learning is scant. Of the evidence that exists, work
integrated learning experiences with associated blog en-
tries support transformative learning through critical
reflection where students create new meaning from their
experiences.13 There remains a need for evidence of the
affective behaviour changes that occur as students de-
velop into practitioners. Although the literature in stu-
dent healthcare research has recognised the need to
measure8,19 and assess affective learning2,3,18 the range of
approaches remains varied and mainly focused on the
short term, such as during or immediately after the
learning.11,20 Longitudinal studies of affective develop-
ment over time are beginning to emerge but remain rare.

Teaching and learning approaches to develop
affective learning skills

Various teaching techniques are known to enhance af-
fective learning in health professional students. Studies
supporting journaling and reflective practice have been

documented1,2,6,19,21 with various assessment criteria
having been established to measure the level of affective
development.11,18,22 The development of motivational
interviewing skills has been shown to increase health
student self‐efficacy23 and communication skills and have
been linked to increased professionalism.18 The im-
mersive nature of simulation‐based learning (SBL) offers
a safe space for student learning and has been utilised in
nursing education to incorporate more depth into affec-
tive domain development activities.2,24 When combined
with interprofessional learning (IPL), simulation can be a
‘powerful affective teaching' method, combining com-
munication and collaboration amongst health profes-
sional students.18

We would contend that the development of the af-
fective domain is essential to the demonstration of
competence in graduate dietitians internationally.

The question remains, how can affective learning be
engendered in dietetic students? At one Australian uni-
versity, SBL activities are embedded throughout the
4‐year undergraduate program, with the majority of SBL
completed during the third year of study. These SBL
include both uni‐ and IPL activities and include human
simulated patients. (Supplementary Table A2). The pre-
sent study was conducted to investigate the value of SBL
in relation to professionally‐focused affective learning
among dietetic students. More specifically, the study
addressed the research questions: (1) What changes in
affective learning are observed in dietetics students as
they move from student to graduate practitioner? (2) Can
dietetics graduates demonstrate acquisition of affective
domain capabilities?

METHODS

The researchers employed a double hermeneutic, inter-
pretative phenomenological approach (IPA) approach,
followed by an analysis of the trajectory of participants'
affective learning across time via the application
of Krathwohl's affective learning levels5 as previously
described by Rogers et al.22 Ethical clearance for
this study was obtained (GU2019/009) prior to study
commencement.

Participant recruitment

All students (n= 56) enrolled in a communication and
counselling course of a dietetics program at an Aus-
tralian university were provided with an overview of the
study and invited to participate. Interested participants
expressed their willingness to participate via email and
were then provided with the study information sheet and
interview times were arranged.

Each participant was interviewed on three separate
occasions: the first prior to clinical placement, the second
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immediately after clinical placement, with the final in-
terview taking place 6 months after graduation. A semi‐
structured interview schedule, adapted from the work of
Smith and Osborn,25 was pilot tested with PhD students
and adjusted following feedback, prior to implementa-
tion with participants. All interviews were led by one
researcher (MCO), a female dietitian involved in the
program. Half of the initial interviews were jointly con-
ducted by one other researcher in the team (GDR or CP).
All interviews were recorded and transcribed verbatim.
Consent to participate in the study and record each
interview was obtained in both written and verbal
format at the commencement of the first interview
(Supplementary Mat_1).

Statistical analysis

Prior to undertaking any analysis, the relevant re-
searchers met online to reflect and discuss their posi-
tioning in regard to the study.26 The transcripts were
then analysed by two investigators (MCO and CP) and a
research assistant independent of this study, applying a
method adapted from Rogers et al.,22 using NVIVO,
version 12 (QSR International). A step‐by‐step approach
to analysis of the transcripts was undertaken based on
the work of Smith et al.,27 van Manen et al.28 and Sal-
daña.29 We utilised a highlighting method, where tran-
scripts were viewed as section or phrases, rather than line
by line. This ‘double hermeneutic process' is explained
simply as ‘the researcher making sense of the participant,
who is making sense of x’.22,27 In this method, the analyst
first looks for how the participant has made sense of their
learning experience. Then, as a second phase, the analyst
seeks to make sense of the participant's sense‐making in
psychological terms, looking for evidence of affective
domain learning that may not have been fully evident to
the participant at the time. Rather than frequency ana-
lysis, which is the number of times a theme could be
counted in the analysis, the resulting emergent themes
were identified as phenomenon avoiding hierarchical
thinking.30 In doing so, the analyst aimed to interpret the
meaning of the identified phenomenon, or the partici-
pants' lived experience.31 Interpretations were discussed
by the researchers until agreement was achieved. To align
more closely with true IPA methodology, the findings
were reported with interpretations of meaning rather
large sections of direct quotes.32,33

To answer the first research question and identify
evidence of affective learning and changes across time,
the researchers reviewed each participant's transcript
series against Krathwohl's five levels of affective learning:
receiving, responding, valuing, organization and char-
acterization.5 To answer the second research question,
the emergent themes were reviewed and linked to
the affective domain where possible. The method pre-
viously described by Rogers et al.22 was employed:

(i) identification of examples of affective learning in
transcripts, (ii) comparison with the Krathwohl's level of
learning5 and (iii) identifying the highest Krathwohl level
of affective learning for which there was evidence in the
transcript. To maintain research rigor, the identified
themes and associated student quotes were compared
and discussed to identify and acknowledge the lens
through which each researcher viewed the transcripts.
Minor discrepancies in interpretation were resolved by
discussion.

RESULTS

Seven female third‐year dietetics students initially con-
sented to participate in the sequence of in‐depth inter-
views for the study. Six students completed all three
interviews. One did not and was removed from the study.
One participated in interview #2 twice as a result of an
extension of clinical placement for remedial purposes.

IPA and Krathwohl's levels analysis

The results are presented in two sections. First, evidence
of affective learning across the three time‐points is re-
ported and tabulated using Krathwohl's five levels of
affective learning5 (Table 1). Second, a summary is pro-
vided of the development of the attributes of affective
learning across the course of the study evident in the
participants and categorised into key themes. Quotes and
examples have been linked to participant and interview
number using ‘P’ to indicate the participant ID (01‐06)
(Table 1), followed by a hyphen (‐) and then the inter-
view number (1,2 or 3) (Figure 1).

Affective learning: Evidence of change over time

Four of the six participants demonstrated evidence of
characterization, the highest level of Krathwohl's affec-
tive learning taxonomy.5 One of these students, demon-
strated this during interview #2, whereas the others did
so during interview #3. The two who did not reach
characterization level showed evidence of the organiza-
tion level of affective learning during interview #2 but did
not demonstrate further affective development during
interview #3.

Attainment and demonstration of the highest level of
Krathwohl's affective learning levels was clearly identi-
fied for participant 1. During interview #1, participant 1
displayed evidence of receiving and responding as they
transitioned from a simple description and observation
of their role within an IPL team to recognising an emo-
tional reaction to them; frequent use of the word ‘I’ along
with a description of their feelings was evident. During
interview #2, the participant appeared to demonstrate

874 | AFFECTIVE LEARNING IN DIETETICS GRADUATES

 1365277x, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jhn.12993 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E

1
E
xa
m
pl
es

of
K
ra
th
w
oh

l's
af
fe
ct
iv
e
le
ar
ni
ng

le
ve
ls
ac
hi
ev
ed

fo
r
ea
ch

pa
rt
ic
ip
an

t5

P
ar
ti
ci
pa
nt

1
(P
01
)

P
ar
ti
ci
pa
nt

2
(P
02
)

P
ar
ti
ci
pa
nt

3
(P
03
)

P
ar
ti
ci
pa
nt

4
(P
04
)

P
ar
ti
ci
pa
nt

5
(P
05
)

P
ar
ti
ci
pa
nt

6
(P
06
)

R
ec
ei
vi
ng
:
is
be
in
g
aw

ar
e
of

or
se
ns
it
iv
e
to

th
e
ex
is
te
nc
e
of

ce
rt
ai
n
id
ea
s,
m
at
er
ia
l,
or

ph
en
om

en
a
an

d
be
in
g
w
ill
in
g
to

to
le
ra
te

th
em

E
vi
de
nc
e
—

th
e
st
ud
en
t
ha
s
at

le
as
t
no
ti
ce
d
so
m
e
as
pe
ct
s
of

th
e
ex
pe
ri
en
ce

th
at

m
ig
ht

ul
ti
m
at
el
y
le
ad

to
af
fe
ct
iv
e
le
ar
ni
ng
.F

or
ex
am

pl
e,
a
re
po
rt
of

so
m
et
hi
ng

th
e
st
ud
en
t
fo
un
d
no
ve
lo

r
in
te
re
st
in
g
bu
t
no

di
sc
us
si
on

of
th
e
em

ot
io
ns

th
at

th
e
ex
pe
ri
en
ce

ha
s
en
ge
nd
er
ed

in
th
em

(P
01
‐1
):
Y
ou

go
t
to

se
e
th
e

ot
he
r
pr
of
es
si
on

al
s,
an

d
yo

u
go

t
to

se
e
w
ha

t
th
e

do
ct
or
s
do

,
th
e

ph
ar
m
ac
is
ts

do
.
It

w
as

re
al
ly

go
od

to
be

ab
le

to
se
e
yo

ur
sc
op

e
of

pr
ac
ti
ce

in
pl
ay

(P
02
‐1
):
T
he
y
di
dn

't
kn

ow
w
ha

t
th
ey

w
er
e
do

in
g
in

te
rm

s
of

nu
tr
it
io
n,

an
d
I

di
dn

't
kn

ow
w
ha

t
I
w
as

do
in
g
in

te
rm

s
of

m
ed
ic
in
e.

B
ut

w
he
n
w
e
w
or
ke
d

to
ge
th
er

th
er
e
w
as

no
ac
ad

em
ic

di
ff
er
en
ce

be
ca
us
e
w
e
bo

th
kn

ew
w
ha

t
w
e
w
er
e
do

in
g
on

ou
r
ow

n
pa

th
s

(P
03
‐1
):
I
th
ou

gh
t
th
at

w
as

th
e

m
os
t
lif
el
ik
e
be
ca
us
e
al
l
th
e

oc
cu
pa

ti
on

s
w
er
e
th
er
e.

Y
ea
h.

B
ec
au

se
al
l
th
e

oc
cu
pa

ti
on

s
ar
e
th
er
e
yo

u
co
ul
d
bo

un
ce

id
ea
s
of
f
ea
ch

ot
he
r
an

d
ot
he
r
pe
op

le

(P
04
‐2
):
I
lik

e
to

w
or
k
on

m
y

ow
n
bu

t
I
al
so

lik
e
to

kn
ow

th
at

th
er
e'
s
a
te
am

ar
ou

nd
m
e
as

w
el
l.

(P
05

‐1
):
[S
im

ul
at
io
n
ha

s]
gi
ve
n
m
e
a
lit
tl
e
in
si
gh

t
of

w
ha

t
it
m
ig
ht

be
lik

e
so

th
at

I
ca
n
in
te
ra
ct

w
it
h

ot
he
r
di
sc
ip
lin

es
an

d
be

ok
ay

ta
lk
in
g
to

ot
he
r

pe
op

le

(P
06
‐1
):
I
w
as

af
ra
id

of
in
te
ra
ct
in
g
w
it
h
th
e
re
al

pa
ti
en
t
or

ac
to
r.
I
w
as

ve
ry

af
ra
id

of
it
.
I
w
as

ve
ry

ve
ry

ne
rv
ou

s
…

I
re
m
em

be
r
ju
st

be
fo
re

I
en
te
re
d
[t
he

ro
om

]
‘h
e'
s

ju
st
a
hu

m
an

.J
us
t
lik

e
th
e

re
st

of
th
e
ac
to
rs
,n

ob
od

y
is
go

in
g
to

ju
dg

e
m
e’

R
es
po
nd
in
g:

is
co
m
m
it
te
d
in

so
m
e
sm

al
l
m
ea
su
re

to
th
e
id
ea
s,
m
at
er
ia
ls
,
or

ph
en
om

en
a
in
vo

lv
ed

by
ac
ti
ve
ly

re
sp
on

di
ng

to
th
em

E
vi
de
nc
e
–
th
e
st
ud
en
t
ha
s
re
fl
ec
te
d
on

so
m
e
of

th
e
ex
pe
ri
en
ce
s
an
d
ha
s
id
en
ti
fi
ed

th
ei
r
ow

n
in
te
lle
ct
ua
l
an
d,

es
pe
ci
al
ly

em
ot
io
na
l
re
ac
ti
on
s
to

th
em

(P
01
‐1
):
I
ju
st

re
al
is
ed

I
am

no
t
as

te
rr
ib
le

as
I

th
ou

gh
t
I
m
ig
ht

be
,
or

w
ha

t
I'm

go
in
g
to

sa
y
is
n'
t

as
in
co
rr
ec
t

(P
02
‐1
):
I
ac
tu
al
ly

fe
lt
lik

e
w
e

w
er
e
im

po
rt
an

t.
W
e
fe
lt
lik

e
w
e
w
er
e
im

po
rt
an

t
an

d
ac
tu
al
ly

ac
hi
ev
in
g

so
m
et
hi
ng

.
It

w
as
n'
t
ju
st

a
si
m
ul
at
io
n
an

d
w
e
w
er
e
ju
st

le
ar
ni
ng

.
I
fe
lt
w
e
w
er
e
al
l

w
or
ki
ng

as
a
te
am

to
tr
ea
ta

re
al

pa
ti
en
t

(P
03
‐1
):
T
he
n
w
e
w
en
t
ba

ck
in
to

th
e
ro
om

an
d
th
at
's
w
he
re

th
e
m
ed

st
ud

en
ts

st
ar
te
d

fi
ri
ng

qu
es
ti
on

s
an

d
I
co
ul
d

ac
tu
al
ly

an
sw

er
th
em

.
I
w
as

lik
e
th
is
is
ni
ce
!
I
w
as

th
in
ki
ng

th
ey
'll

kn
ow

al
l
of

th
at

fo
r
su
re

bu
t
th
ey

di
dn

't.
So

it
w
as

ni
ce

to
be

ab
le

to
te
ac
h
th
em

so
m
et
hi
ng

(P
04
‐2
):
N
ur
si
ng

st
af
f
l
fo
un

d
w
er
e
al
w
ay
s
qu

it
e
bu

sy
bu

t
th
ey

w
ou

ld
st
ill

st
op

an
d

gi
ve

yo
u
th
e
ti
m
e

(P
05

‐1
):
I
w
as

ou
t
of

m
y

co
m
fo
rt

zo
ne
.
I
di
dn

't
ha

ve
a
cr
it
er
ia

to
m
ee
t.

T
ha

t
w
as

th
e
le
ar
ni
ng

fr
om

m
e

(P
06
‐2
):
I
do

n'
t
th
in
k
w
e
ju
st

ta
ke

fo
od

bu
t
I
th
in
k
lik

e,
um

m
ay
be

th
e
ot
he
r

st
ud

en
ts

lo
ok

at
us

an
d

th
in
k
oh

w
ha

t
ar
e
yo

u
do

in
g?

B
ut

I
do

th
in
k
th
at

th
ey

le
ar
ne
d
fr
om

us
an

d
w
ha

t
w
e
do

,
be
ca
us
e

w
he
n
w
e
ha

d
th
at

de
br
ie
f

al
l
to
ge
th
er
,
th
ey

ha
d

qu
es
ti
on

s
an

d
w
e
w
er
e

ab
le

to
te
ac
h
th
em

th
in
gs

th
ey

di
dn

't
kn

ow
.
So

th
at

w
as

re
al
ly

go
od

V
al
ui
ng
:
is
w
ill
in
g
to

be
pe
rc
ei
ve
d
by

ot
he
rs

as
va
lu
in
g
ce
rt
ai
n
id
ea
s,
m
at
er
ia
ls
,
or

ph
en
om

en
a

E
vi
de
nc
e
–
th
e
st
ud
en
t
ha
s
go
ne

be
yo
nd

ju
st

re
co
gn
it
io
n
of

th
e
pe
rs
on
al

im
pa
ct

of
an

ex
pe
ri
en
ce

or
ap
pr
ec
ia
ti
on

th
at

th
e
ex
pe
ri
en
ce

ha
s
en
ab
le
d
th
em

to
le
ar
n
so
m
et
hi
ng

ab
ou
t
th
em

se
lv
es

as
a
pe
rs
on

th
at

th
ey

se
e
as

va
lu
ab
le

or
im

po
rt
an
t

(P
01
‐2
):
I
th
in
k
th
at

I
di
dn

't
ha

ve
or

di
dn

't
va
lu
e

ra
pp

or
t
bu

ild
in
g
or

th
os
e

in
te
rp
er
so
na

l
sk
ill
s
or

ac
ti
ve

lis
te
ni
ng

I
pr
ob

ab
ly

w
ou

ld
n'
t
ge
t
ve
ry

fa
r
in

pa
ti
en
t
ca
re

(P
02
‐2
):
I'm

a
ri
p
th
e
ba

nd
ai
de

of
f
ki
nd

of
pe
rs
on

.
I'd

ra
th
er

ju
st

ge
t
in
,
ge
t
it

do
ne

an
d
le
ar
n
fr
om

it
af
te
r.
L
ea
rn

fr
om

th
e

ex
pe
ri
en
ce

af
te
rw

ar
ds

(P
03
‐2
):
I
do

n'
t
th
in
k
th
er
e
w
as

th
at

ne
rv
ou

sn
es
s
or

th
at

st
re
ss

in
ta
lk
in
g
to

th
em

[t
he

do
ct
or
]
an

d
I
th
in
k
it
w
as

on
ce

yo
u
ge
t
th
e
fi
rs
t
ph

on
e

ca
ll
ou

t
of

th
e
w
ay

it
w
as

lik
e

oh
ye
ah

ok
ay

I
w
ill

ca
ll
yo

u

(P
04
‐3
):
I
w
as

pr
ob

ab
ly

m
or
e

su
rp
ri
se
d
by

th
e
nu

rs
es

an
d

ho
w

bu
sy

th
ey

w
er
e
or

ap
pe
ar
ed

to
be

an
d
ye
ah

ju
st

th
at

fe
el
in
g
of

th
em

no
t
lis
te
ni
ng

to
yo

u

(P
05

‐2
):
N
ev
er

th
ou

gh
t
I
w
ou

ld
be

th
at

pe
rs
on

an
d
yo

u
so
rt

of
ge
tt
o
a
st
ag
e
w
he
re

yo
u'
ve

le
ar
ne
d
so

m
uc
h
an

d
th
en

al
l

of
a
su
dd

en
I
fe
el

lik
e
th
er
e'
s

no
m
or
e
br
ai
n
sp
ac
e
le
ft
,

ho
w

am
I
go

in
g
to

co
nt
in
ue

to
le
ar
n
an

d
ke
ep

go
in
g
bu

t

(P
06
‐4
):
I
le
ar
ne
d
th
at

I
ne
ed

to
be

m
ys
el
f
an

d
ne
ed

to
be

ho
ne
st

w
it
h
ev
er
yt
hi
ng

I
do

.
B
ut

I
do

n'
t
ne
ed

to
sh
ar
e
al
l
m
y

em
ot
io
ns
.
I
ju
st

ne
ed

to
ch
oo

se
an

d
pi
ck

(C
on

ti
nu

es
)

O'SHEA ET AL. | 875

 1365277x, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jhn.12993 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E

1
(C

on
ti
nu

ed
)

P
ar
ti
ci
pa
nt

1
(P
01
)

P
ar
ti
ci
pa
nt

2
(P
02
)

P
ar
ti
ci
pa
nt

3
(P
03
)

P
ar
ti
ci
pa
nt

4
(P
04
)

P
ar
ti
ci
pa
nt

5
(P
05
)

P
ar
ti
ci
pa
nt

6
(P
06
)

w
he
n
I
ne
ed

so
m
et
hi
ng

an
d

th
at

w
or
ke
d
w
el
l

th
at
's
th
e
st
re
ss

an
d
le
tt
in
g

yo
ur
se
lf
ge
t
in
to

yo
ur

he
ad

an
d
co
nt
em

pl
at
e
ev
er
yt
hi
ng

an
d
st
ar
t
se
co
nd

gu
es
si
ng

.
A
nd

it
's
th
at

sp
ir
al

ef
fe
ct
.

F
or

m
e
th
at

w
as

a
bi
g

le
ar
ni
ng

cu
rv
e,

id
en
ti
fy
in
g

m
y
st
re
ss
es

be
ca
us
e
I

th
ou

gh
t
I
ha

d
th
at

un
de
r

w
ra
ps
.
A
nd

it
's
th
at

sp
ir
al

ef
fe
ct

an
d
sh
ow

th
e

em
ot
io
ns

th
at

I
ne
ed

to
sh
ow

an
d
th
e

em
ot
io
ns

th
at

th
at

pa
ti
en
t
w
ou

ld
ac
ce
pt

O
rg
an
iz
at
io
n:

is
to

re
la
te

th
e
va
lu
e
to

th
os
e
al
re
ad

y
he
ld

an
d
br
in
g
it
in
to

a
ha

rm
on

io
us

an
d
in
te
rn
al
ly

co
ns
is
te
nt

ph
ilo

so
ph

y
E
vi
de
nc
e
–
th
e
ex
pe
ri
en
ce
s
ha
ve

ha
d
a
si
gn
ifi
ca
nt

im
pa
ct

on
th
e
st
ud
en
t's

va
lu
e
sy
st
em

or
w
or
ld

vi
ew

in
re
la
ti
on

to
an

as
pe
ct

of
fu
tu
re

pr
ac
ti
ce

(P
01
‐2
):
It
's
in

th
os
e
m
om

en
ts

w
he
re

yo
u
re
al
is
e
yo

u
ca
n

kn
ow

it
al
l
an

d
ha

ve
al
l

th
e
sk
ill
s
bu

t
if
yo

u
ca
n'
t

sh
ow

em
pa

th
y
an

d
if
yo

u
ca
n'
t
be

ju
st

a
hu

m
an

be
in
g
an

d
ta
ke

of
f
th
e

w
hi
te

co
at

so
to

sp
ea
k,

um
an

yt
hi
ng

yo
u
sa
y
af
te
r

th
at

m
om

en
t
w
he
re

yo
u

do
n'
t
de
m
on

st
ra
te

em
pa

th
y,

or
go

od
ra
pp

or
t

bu
ild

in
g
is
ki
nd

of
ou

t
th
e

w
in
do

w
.
Y
ou

'v
e
lo
st

th
e

pa
ti
en
t
an

d
th
at
's
a
sh
am

e

(P
02
‐3
):
T
he

re
fl
ec
ti
on

s
m
ay

se
em

lik
e
a
pa

in
at

th
e
ti
m
e

be
ca
us
e
th
ey

ar
e
sm

al
l

as
se
ss
m
en
ts

an
d
th
ey

ta
ke

ti
m
e
bu

t
ov

er
al
l
th
ey

ar
e

te
ac
hi
ng

yo
u
to

be
a

re
fl
ec
ti
ve

pe
rs
on

w
hi
ch

is
re
al
ly

im
po

rt
an

t
fo
r

im
pr
ov

in
g
yo

ur
se
lf

pr
of
es
si
on

al
ly

an
d

pe
rs
on

al
ly

(P
03
‐3
):
In
it
ia
lly

I
go

t
in

th
e

ha
bi
t
of

be
in
g
lik

e
I'm

a
ne
w

gr
ad

ua
te

di
et
it
ia
n,

an
d
th
en

I'm
lik

e
no

sh
ut

up
do

n'
t
te
ll

pe
op

le
yo

u'
re

a
ne
w

gr
ad

di
et
it
ia
n,

ju
st
te
ll
th
em

yo
u'
re

a
di
et
it
ia
n
an

d
th
en

th
ey
're

no
t
ev
en

go
in
g
to

bl
in
k

ab
ou

t
th
e
fa
ct

th
at

yo
u

m
ig
ht

be
ne
w

(P
04
‐3
):
I
ex
pe
ct

th
em

to
be

ap
pr
oa

ch
ab

le
,
an

d
I
do

n'
t

kn
ow

an
d
ni
ce

an
d
fr
ie
nd

ly
an

d
op

en
to

a
ne
w
di
et
it
ia
n

co
m
in
g
in

(P
05

‐3
):
W
he
n
yo

u'
re

ta
lk
in
g
to

yo
ur

pa
ti
en
t
on

e
of

th
e
bi
g

th
in
gs

I
go

t
fr
om

pl
ac
em

en
t

w
as

th
at

fo
od

an
d
dr
in
k
is

lik
e
th
ei
r
on

e
th
in
g
th
ey

en
jo
y
an

d
th
ey

ca
n
ha

ve
a
an

op
in
io
n
on

an
d
go

in
g
in
to

ta
lk

to
th
em

in
a
ho

sp
it
al

th
ey

so
rt

of
do

n'
t
m
in
d

ta
lk
in
g
to

di
et
it
ia
ns

in
ho

sp
it
al
.
It

br
in
gs

a
lit
tl
e
bi
t

of
qu

al
it
y
of

lif
e
to

th
ei
r
st
ay

an
d
it
's
no

t
al
w
ay
s
ba

d
ne
w
s,

so
I
fe
el

lik
e
I'm

th
e
on

e
pr
ac
ti
ti
on

er
th
ey

do
n'
t
m
in
d

se
ei
ng

.
So

,
I
w
as

a
bi
g

ad
vo

ca
te

fo
r
th
e
pa

ti
en
t
so

no
t
fo
r
us

as
di
et
it
ia
ns

ne
ce
ss
ar
ily

bu
t
ha

vi
ng

th
e

op
po

rt
un

it
y
to

m
ak

e
th
em

fe
el

a
lit
tl
e
bi
t
be
tt
er

(P
06
‐4
):
Ju
st

tr
yi
ng

to
gi
ve

th
em

th
e
be
st

se
rv
ic
e
th
at

yo
u
ca
n,

an
d
be
st

co
m
m
un

ic
at
io
n
an

d
tr
y
to

bu
ild

th
e
be
st

ra
pp

or
t
yo

u
ca
n
an

d
it
's
up

to
th
em

if
th
ey

w
an

t
to

ta
ke

it
,
or

if
th
ey

w
an

t
to

le
av
e
it

876 | AFFECTIVE LEARNING IN DIETETICS GRADUATES

 1365277x, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jhn.12993 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E

1
(C

on
ti
nu

ed
)

P
ar
ti
ci
pa
nt

1
(P
01
)

P
ar
ti
ci
pa
nt

2
(P
02
)

P
ar
ti
ci
pa
nt

3
(P
03
)

P
ar
ti
ci
pa
nt

4
(P
04
)

P
ar
ti
ci
pa
nt

5
(P
05
)

P
ar
ti
ci
pa
nt

6
(P
06
)

C
ha
ra
ct
er
iz
at
io
n:

is
to

ac
t
co
ns
is
te
nt
ly

in
ac
co
rd
an

ce
w
it
h
th
e
va
lu
es

he
or

sh
e
ha

s
in
te
rn
al
is
ed

E
vi
de
nc
e
–
th
e
st
ud
en
t's

va
lu
e
sy
st
em

in
re
la
ti
on

to
an

im
po
rt
an
t
ar
ea

of
pr
ac
ti
ce

ha
s
ch
an
ge
d
or

is
in

th
e
pr
oc
es
s
of

ch
an
gi
ng

th
ei
r
pr
of
es
si
on
al

be
ha
vi
or

(P
01
‐2
):
B
ut

if
yo

u
un

de
rs
ta
nd

th
at

ev
er
yt
hi
ng

is
tr
an

sf
er
ab

le
I
th
in
k
yo

u
w
ou

ld
in
ve
st

m
or
e
of

yo
ur

he
ar
t
in
to

it

N
A

(P
03
‐3
):
I
w
en
t
fr
om

lik
e
oh

ev
er
yo

ne
,p

la
ce
m
en
t
is
lo
ve
ly

be
ca
us
e
ev
er
yo

ne
is
eq
ua

l
an

d
ev
er
yo

ne
is
ha

pp
y
to

an
sw

er
ea
ch

ot
he
r's

qu
es
ti
on

s
an

d
ev
er
yo

ne
ha

s
ti
m
e
fo
r
ev
er
yo

ne
to

th
en

lik
e
oh

no
,
ba

ck
ou

t
an

d
it
's

no
t
ac
tu
al
ly

lik
e
th
at

an
d

so
m
e
pe
op

le
th
in
k
th
ey
're

m
or
e
im

po
rt
an

t
th
an

ot
he
rs

N
A

(P
05

‐3
):
I
th
in
k
th
e
si
nk

or
sw

im
is
w
ha

t
st
ar
ts

an
d
th
en

th
at

gi
ve
s
m
e
th
e
co
nfi

de
nc
e
to

ju
st

go
fo
r
it
an

d
ju
st

do
it

bu
t
th
en

on
ce

I'm
in

th
e

sw
in
g
of

th
in
gs

an
d

co
ns
ta
nt
ly

re
pe
at
in
g
th
en

th
at
's
w
he
re

I
im

pr
ov

e
an

d
w
he
re

I
gr
ow

an
d
ge
t
be
tt
er

at
w
ha

t
I'm

do
in
g

(P
06
‐4
):
A
ll
th
es
e

ch
al
le
ng

es
tu
rn

m
e

ou
t
to

th
e
pe
rs
on

th
at

I
am

.
So

m
y
w
is
do

m
to

th
em

is
if
yo

u'
re

ch
al
le
ng

ed
,
ju
st

ta
ke

it
on

be
ca
us
e
in

th
e

en
d
th
at

w
ill

m
ak

e
yo

u
a
be
tt
er

di
et
it
ia
n

T
hi
s
pa

rt
ic
ip
an

t
ha

d
hi
gh

ly
de
ve
lo
pe
d
se
ns
e
of

ro
le

an
d
id
en
ti
ty

du
e
to

pr
io
r

ex
pe
ri
en
ce

in
th
e
fi
el
d,

so
it
ap

pe
ar
s
th
at

af
fe
ct
iv
e

le
ar
ni
ng

oc
cu
rr
ed

m
uc
h

ea
rl
ie
r
th
an

fo
r
ot
he
rs

T
hi
s
pa

rt
ic
ip
an

t
w
as

no
t

w
or
ki
ng

in
th
e
fi
el
d
of

di
et
et
ic
s,
no

t
by

ch
oi
ce
,
so

w
as

un
ab

le
to

m
ov

e
pa

st
th
e
ne
ga
ti
ve

ex
pe
ri
en
ce
s

en
co
un

te
re
d
du

ri
ng

pl
ac
em

en
t.
It

w
as

di
ffi
cu
lt

to
de
ep
ly

di
sc
us
s
to
pi
cs

th
at

m
ig
ht

al
lu
de

to
af
fe
ct
iv
e

le
ar
ni
ng

at
tr
ib
ut
es

T
hi
s
pa

rt
ic
ip
an

ta
pp

ea
re
d
ov

er
ly

co
nfi

de
nt

in
th
ei
r
ow

n
sk
ill
s

fr
om

In
t
1
pr
io
r
to

pl
ac
em

en
t.
T
he

in
te
rv
ie
w
s

di
d
no

t
cl
ea
rl
y
de
m
on

st
ra
te

af
fe
ct
iv
e
le
ar
ni
ng

.
P
er
ha

ps
th
e
pa

rt
ic
ip
an

t
ha

s
no

t
ye
t

fa
ce
d
ch
al
le
ng

es
or

si
tu
at
io
ns

w
he
re

a
tr
an

sf
or
m
at
io
n
in

le
ar
ni
ng

oc
cu
rr
ed

T
he
re

is
ev
id
en
ce

th
at

th
is

pa
rt
ic
ip
an

t
no

w
ha

s
cl
ea
r

ex
pe
ct
at
io
ns

as
to

ho
w

an
in
te
rp
ro
fe
ss
io
na

l
te
am

sh
ou

ld
op

er
at
e;

op
en
,

fr
ie
nd

ly
,
lis
te
ni
ng

.
A
lt
ho

ug
h
no

t
a
ch
an

ge
in

th
ei
r
ow

n
pr
ac
ti
ce
,
th
e

vi
ew

s
of

ot
he
rs

an
d
th
ei
r

ro
le

in
th
e
m
ed
ic
al

te
am

ha
ve

be
en

de
te
rm

in
ed

by
th
e
pa

rt
ic
ip
an

t

T
hi
s
pa

rt
ic
ip
an

t
di
sc
us
se
s
th
ei
r

ow
n
le
ar
ni
ng

jo
ur
ne
y
in

re
ga
rd
s
to

th
ei
r
ow

n
sk
ill

de
ve
lo
pm

en
t.
T
he
y
pr
og

re
ss

to
co
ns
id
er
in
g
le
ar
ni
ng

as
w
ho

le
,
no

t
ju
st

in
di
vi
du

al
sk
ill
s.
L
if
el
on

g
le
ar
ni
ng

he
re

de
m
on

st
ra
te
s
af
fe
ct
iv
e

de
ve
lo
pm

en
t

T
hi
s
pa

rt
ic
ip
an

t
co
m
pl
et
ed

fo
ur

in
te
rv
ie
w
s,
du

e
to

a
re
m
ed
ia
l
pl
ac
em

en
t.

In
t
4
w
as

co
nd

uc
te
d

po
st

gr
ad

ua
ti
on

an
d

su
gg
es
ts

a
re
fl
ec
ti
ve

pr
ac
ti
ti
on

er
,
no

lo
ng

er
w
or
ri
ed

ab
ou

t
fa
ili
ng

or
ne
rv
ou

sn
es
s.
T
he

to
ne

su
gg
es
te
d
a

pr
ac
ti
ti
on

er
re
ad

y
to

co
nt
in
ue

th
ei
r

le
ar
ni
ng

jo
ur
ne
y
to

pr
ov

id
e
be
tt
er

pa
ti
en
t
ca
re

N
ot
e:

T
hr
ee

in
te
rv
ie
w
s
w
er
e
co
nd

uc
te
d
an

d
ar
e
in
di
ca
te
d
as

In
t
1
(i
nt
er
vi
ew

#
1:

pr
io
r
to

pr
ac
ti
ca
lc

lin
ic
al

pl
ac
em

en
t)
,I
nt

2
(I
nt
er
vi
ew

#
2:

im
m
ed
ia
te
ly

af
te
r
pr
ac
ti
ca
lc

lin
ic
al

pl
ac
em

en
t)
an

d
In
t
3
(I
nt
er
vi
ew

#
3:

6
m
on

th
s
af
te
r

gr
ad

ua
ti
on

fr
om

th
e
D
ie
te
ti
cs

P
ro
gr
am

).
P
ar
ti
ci
pa

nt
6
co
m
pl
et
ed

an
ad

di
ti
on

al
in
te
rv
ie
w
:
In
t4
.

A
bb

re
vi
at
io
n:

N
A
,
no

t
av
ai
la
bl
e.

O'SHEA ET AL. | 877

 1365277x, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jhn.12993 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



progression through the next three levels of valuing, or-
ganization and characterization as she described the
personal impact of the IPL experience and ‘rapport
building’ and reflected on why it was valuable to her. In
demonstrating organization, the participant shifted from
a focus on self to a broader worldview where she values
‘empathy’ rather than her intellectual ability, as in re-
ceiving. A key characteristic of characterization is a sense
of consolidation of affective learning, where planned
behaviour is evident. This participant spoke of ‘trans-
ferrable skills', which represents a profound shift from
interview #1 where the observation of skills required and
the need to possess a specific skill set was of high im-
portance to her.

Conversely, participant 4 did not demonstrate the
same progression of affective learning as participant 1.
She moved from lower levels of receiving and responding
in interview #2, where she described experiences that
might lead to affective learning but stopped short linking
these to personal and impactful examples. Following her
practical placement experience, this participant provided
evidence that the IPL experiences had a significant im-
pact on her value system when she described her ex-
pectation of nurses' and doctors' approach to dietitians in
the workplace. However, this participant stopped short
of characterization, with no foreshadowing of a change to
her practice or a planned changed to professional
behaviour.

There did not appear to be a link between having
worked as a dietitian since graduation and the achieve-
ment of characterization level. For example, P01 at in-
terview #3 was still looking for work as a dietitian yet
demonstrated a value system that was congruent with
that of the profession. She had moved beyond a focus on
the need for skill development and repetition toward

recognising the role of feedback in learning, rather than
feedback as criticism; ‘feedback … as if it is a reflection
on them personally instead of their practice …’ (P01‐3).
On the other hand, P04 who was working as a dietitian at
the time of interview #3 did not yet show a change in her
principles or ideals regarding professional behaviour.
This is not to say that the participant was unprofessional,
but rather that there was no evidence of a change of her
self‐perceived roles and responsibilities as a practitioner.
There was evidence of organization level affective learn-
ing in P04 where patient care was acknowledged as the
most important aspect of practice, but the participant
was yet to link this to an over‐arching sense of her re-
sponsibility as a clinician in a healthcare system. P04
reflected on her patient‐centred care focus during uni-
versity SBL conducted prior to clinical practice, com-
pared to the sense of responsibility to the patient she felt
after graduation:

‘I just know when I saw the patient … and I
had to give the … I didn't do it very well
because I didn't really know what I was
talking about so I was just saying words
without actually portraying what I wanted to
say, with care’ (P04‐3)

The shift from concentration on themselves towards a
patient‐centered focus demonstrated the development of
affective learning over time. Prior to practical placement,
participants spoke of lectures, theory and their own
feelings of their skill level, ‘it really allowed you to see how
much of yourself you could bring to the table’ (P01‐1).
Six months later, after 20 weeks of practical placement,
a metaphor of a ‘bridge’ was used to describe feelings
linking university learning with practical experiences:

FIGURE 1 Visual representation of interview timeline in relation to simulation activity within program of study, placement, graduation and
employment
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‘you think about the expectations of the super-
visors … and then you think about what university has
taught you and then you've got to make a bridge’ (P01‐2).
Finally, a genuine shift from a focus on self to their impact
on the patient, away from individual and personal learn-
ing experiences, was evident: ‘Someone's condition in
front of you. Someone's emotions in front of you. It's all
just very different. It's not just textbook stuff’ (P01‐3)
(Table 2).

Affective learning: Key themes identified in
dietetics students and graduates

Three key themes were identified within the affective
learning in the participants: (1) feeling of workforce
readiness, (2) valuing lifelong learning and (3) attitudes
towards IPL teamwork.

Theme 1: Feeling of workforce readiness

The participants appeared to be shaping and developing
their own views of themselves as practitioners during the
final interview especially. All described a sense of con-
fidence enabling them to feel ready to practice. No longer
needing to ‘seek approval’ to complete tasks was de-
scribed by P02 following practical placement, the parti-
cipants developed a sense of their own resilience, evident
in the final interview where they were ‘accepting that
things aren't always going to go amazing’ (P02‐3).

All participants described strong feelings of being
‘practice ready’ during their third and final interview.
‘This is my practice. This is what I'm bringing’ (P05‐3).
They no longer viewed themselves as a novice student,
but rather as an independent practitioner. This was evi-
dent with one student feeling like they were ‘the blind
leading the blind’ prior to practical placement, then
feeling that their opinion was valued in the clinical set-
ting, to a lifting of the ‘student mentality’ (P02‐3).

Theme 2: Valuing lifelong learning

Prior to practical placements, participants reported
feeling ‘ready’ and ‘confident’ to embark on the 20‐week
learning journey, despite some misgivings; ‘I just hope
that I have got that knowledge stored and that I can
apply it’ (P05‐1). In the final interviews, participants re-
flected on their placement journey, recalling positive and
negative experiences. Over time, students changed from
the view that placement was discrete (beginning and end)
to the realisation that a formal learning endpoint was
never going to emerge. Participants then appeared to
acknowledge and value lifelong long learning; ‘if you're
perfect from day one, then you would not need to be
learning’ (P03‐3).

Theme 3: Attitudes towards interprofessional
teamwork

Learning ‘with, from and about’34 colleagues in other
professions commenced during the simulation experi-
ences at university and continued throughout practical
placement. The ‘about’ aspects were particularly evident
in the participant stories as they became more aware of
the role and contribution other disciplines made to pa-
tient care. Equally important was the learning that took
place about their own role as a dietitian and a newfound
insight ‘of what it might be like so that I can interact with
other disciplines’ (P05‐1).

Participants were seen to progress from learning with, to
learning from other disciplines34 in the clinical setting. ‘I
learned a lot from their approach to each patient’ (P05‐3).
Participants moved from assessment of the patient through
their own eyes, to an understanding of how others interact
with the patient, communicate, and undertake tasks. In the
characterization stage, there was evidence of the team ap-
proach developing where participants describe their ability to
‘bounce ideas’ when ‘the multidisciplinary team works to-
gether’ (P03‐3). They reflected on the importance of a de-
veloped understanding of each other's role and ‘knowing
how you all interact together’ (P05‐3).

The participants also reflected on negative IPL en-
counters particularly relating to the perception of the
doctor–dietitian hierarchy. The IPL simulations at uni-
versity appeared to break some preconceived ideas some
participants held about doctors:

‘We just have this mentality that doctors run
hospitals. But they know everything and that
everyone else is just underneath them but no,
it's nothing like that’ (P03‐1)

These feelings were confirmed during practical pla-
cement as the doctors were considered ‘just normal
people’ (P03‐2). An interesting change occurred as the
participants moved into the workforce. There was a
newfound ability to distinguish between the profession
and the person. The participants no longer spoke glob-
ally about a discipline or role, rather they looked beyond
the title and saw the other practitioner as a person, ac-
knowledging that the person may have their own beliefs
that are not representative of a whole profession; 'some
people think they're more important than others’ (P03‐3).

DISCUSSION

To our knowledge, this is the first longitudinal study of
affective learning in dietetic students and graduates.
Using a double hermeneutic IPA approach, the present
study demonstrated the development of the affective
learning domain as dietetic students transitioned into
practicing health professionals. Comparison of the

O'SHEA ET AL. | 879

 1365277x, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jhn.12993 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TABLE 2 Examples of participant responses showing linked themes and changes across three time points

Question Area Interview 1 Interview 2 Interview 3

Past experience of simulation learning

Examples from
interview
series

Interviewer: You describe CLEIMS as
being the deep end, can you explain
why you say that? P05: It sort of
helped me rely on my knowledge and
feel a bit more confident that I do
know things that I can just do the
stuff

Interviewer (responding to P05
comment): At the time you
remember thinking this is like
CLEIMS? P05: we were more
confident and we were able to step
out from the background and say
oh dietitian over here I want to
put my 2 cents in… So a similar
situation but [I was] a lot more
confident

Interviewer: Can you think about a time in
3rd year when you felt confident and
thought oh yes this practice is helping
me? P05: CLEIMS again, that was my
really big turning point where I
felt – cause I sort of had to jump in
because my partner got a bit nervous
and I had to jump in and do it … And
that was my turning point when I went
yeah I can do this, I've got this

Learning outcomes

Examples from
interview
series

Interviewer: Can you think about the
courses that you were doing … which
of the activities relate to the
simulation activities you've listed
here P02: By the end of it he [the
actor] was like fine. It was, I think I
use the communication and
counselling course really well in that
sim. He started off up here and angry
any calm down. By the end of it he
left on good terms, with at least me. I
think that was a really good example
of me using my course work

Interviewer: And when in placement
did that happen? P02: so I sat
down with my supervisor… I'm a
rip the band aide off kind of
person. I'd rather just get in, get it
done and learn from it after.
Learn from the experience
afterwards

Interviewer: were there other simulations
where you walked away and something
happened where it really encouraged
and boosted your confidence? … so it
was the self‐reflection after the fact plus
some feedback? P02: the reflections
may seem like a pain at the time
because they are small assessments and
they take time but overall they are
teaching you to be a reflective person
which is really important for improving
yourself professionally and personally

Impact on future

Examples from
interview
series

Interviewer: So take the example of the
speech pathologist. Can you tell me
the story about when you met the
speech pathologist and what
happened? P04: That would have
been actually during CLEIMS. But
the first time yeah I didn't, I had no
idea that we would be working
together on the chart or working with
their food with regard to the puree
and all of that. I didn't know that we
would work together that closely

Interviewer: [you enjoy working as
part of a team]. Why is that? P04:
I think learning what they did and
seeing how the difference they
make and then how it all
intertwines, especially the
speechies I guess cause they would
sit with the children and do the
what can they eat and then talk to
me about what they can eat and
can't eat. Interviewer: How did
that affect your job as a dietitian?
P04: It was better… I like to work
on my own but I also like to know
that there's a team around me
as well

Interviewer: why is that at the forefront of
your brain? P04: you're always working
with all the other disciplines so it was a
bit more beneficial knowing how you
all interact together

Summary

Examples from
interview
series

Interviewer: to summarise in a few words
how would you describe your
simulation experience to the next
third year cohort coming through
what would you say? P03: it was
probably just as, if not more
beneficial than sitting in class and
finishing off assignments

Interviewer: Do you think that you
have some advice for our 3rd years
that are about to embark on [next
trimester]? P03: Honestly I reckon
I remember that stuff [simulations]
more than my assignments

Interviewer: If you had to describe the
simulation experience, your words of
wisdom for 3rd years, what would you
say about the simulation experience?
P03: even though it doesn't have that
assessment attached to it, probably put
in a bit more focus

Note: Interprofessional students provide medical care to an actor patient as part of a week‐long simulation.

Abbreviation: CLEIMS, Clinical Learning through Extended Immersion in Medical Simulation.
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affective learning identified with Krathwohl's hier-
archical levels5 enabled participants' affective learning
trajectories to be seen over time. The IPA approach also
identified key themes within the development of affective
learning that are consistent with the capabilities required
of graduate dietitians. These findings can inform the
development and refinement of innovative teaching
methodologies such as SBL to enhance the affective de-
velopment of dietetic students.

The inclusion of SBL within health professional educa-
tion programs has been shown to have positive impacts on
affective development in medicine22 and nursing,23,35 as well
as more broadly.18 The present study has demonstrated the
link between human–patient SBL in dietetic undergraduate
education and affective learning, specifically in relation to
their view of themselves as practitioners and their under-
standing of their future responsibilities to patient care. The
theme surrounding workforce readiness was directly attrib-
uted to the IPL simulations undertaken in year 3 of the
program during both the second and third interviews in the
present study. The participants described ‘light bulb’ mo-
ments where they were able to recall the specific experiences
during practical placement that resembled the IPL simula-
tion the year prior, and the profound impact that the activity
had had on their practice. After graduation, similar stories
were recalled by participants, suggesting a lasting impact of
these activities on their learning and practice. There was
evidence of a shift in their value systems towards ‘profes-
sional responsibility, interprofessionalism and the primacy of
patient or client welfare’, which mirrors the findings in the
work of Rogers et al.22 among medical students. Similarly,
the dietetic literature provides evidence of the impact of SBL
on placement and workforce readiness. SBL in coursework
that mimics the work of a dietitian supports preparation for
placement36 and enhances their preparedness for place-
ment.37 Affective learning should be fundamental to all
learning objectives in curriculum and SBL included because
it can shape affective development.18

The present study poses further questions about the as-
sessment of the affective domain in health professional stu-
dents. The literature indicates common methods of
evaluating affective attributes, including self‐reporting ques-
tionnaires and Likert scales,20 to the formative assessment of
professional role development,2 to summative assessments
required to determine competence in this domain.3 These
summative assessments, usually undertaken by a preceptor
or supervisor to assess professionalism, are reported as un-
comfortable because of their subjectivity.17 The challenge is
therefore to develop a robust tool for assessing affective
development that has been trialled and validated and for
which assessors have been trained. The present study has
identified one possible method for assessing affective learn-
ing development using a hierarchical system, althoughg
further testing is still required.

This small‐but‐deep longitudinal study has successfully
applied an IPA methodology to describe dietetic students'
affective learning development as they transition to practice

as graduate health professionals. Larger scale studies will be
needed to test this proposed methodology further and ad-
vance our understanding of the development of affective
learning in health professional education over the course of
students' study programs and into the workforce. Educators
should consider embedding activities that enhance students'
learning in the affective domain at the same time as planning
to assess their capability in this complex area, which is vital
to patient‐centred care.
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Abstract
Background: Research is a cornerstone of evidence‐based dietetic practice.
Research skills are often taught at university through experiential learning
during a final‐year research project. The present study aimed to investigate
attitudes towards research and confidence in research skills among student
dietitians before and after a research project.
Methods: A questionnaire survey of student dietitians’ attitudes to research
and confidence in research skills was undertaken before and after completing a
research project at two universities in London, UK. Dichotomous data were
compared before and after the research project using a McNemar's test.
Factors associated with ‘high confidence’ or ‘improved confidence’ in overall
research skills at the end of the research project were investigated using
multivariable logistic regression.
Results: In total, 160 student dietitians completed a questionnaire before and
after their research project. The majority had positive attitudes to research
both before and after their research project. There was an increase in numbers
with ‘high confidence’ in overall research skills before (13; 8.1%) and after (79;
49.4%) the research project (p< 0.001), and 113 (70.6%) reported ‘improved
confidence’ in overall research skills. The only factor associated with ‘high
confidence’ in overall research skills was having ‘high levels of involvement in
the overall research process’ (odds ratio = 6.13, 95% confidence interval =
2.03–18.49, p= 0.001).
Conclusions: Student dietitians have positive attitudes towards research and
undertaking a research project significantly improves confidence in their
research skills. A higher level of involvement in the research project is the
single most significant factor associated with high confidence in research skills.
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Key points
• This is the largest study to date of student dietitians’ experiences of
undertaking a research project during their university degree.

• Student dietitians have positive attitudes to research both before and after
their research project.

• Research projects improve student dietitians’ confidence in their research
skills.
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• The single most significant factor associated with developing high
confidence in research skills is having a greater level of involvement in the
project.

INTRODUCTION

Research is a cornerstone of evidence‐based dietetic
practice. Research is essential to provide the evidence for
diet–disease relationships, for the effectiveness of inter-
ventions and to provide evidence of the impact of
dietitians.1 Research builds a knowledge base for the
relatively new discipline of nutrition. It is crucial for the
advancement of the dietetic profession2,3 and for the
credibility and public perception of dietitians.4 Mean-
while, healthcare professionals’ involvement in research
in the clinical setting can benefit clinical practice,
including improvements in health services performance,
processes of care and patient outcomes, as a result of
having greater knowledge of research studies, implemen-
tation of guidelines, and greater networks and collabo-
rative working.5

Professional associations or governing bodies have
standards for dietitians that include competency in
research and evidence‐based practice in Australia,6

Canada,7 UK,8 USA9 and many other countries across
the world, and are also included in the International
Practitioner Competency Standards for Dietitians
set by the International Confederation of Dietetic
Associations.10

In the wider healthcare professions, generally positive
attitudes towards involvement in research have been
reported.11,12 This is also true in small studies of
dietitians13,14 and student dietitians.15,16 However, there
remains a significant gap in healthcare professionals’
attitudes to research and their actual participation in
research.17,18 Studies report variable levels of research
involvement among dietitians in Australia,19 Canada,20

UK14 and USA.1,21–23

Barriers to research involvement in dietetics have
been extensively examined and consistently report a lack
of time and lack of funding as key issues, but negative
attitudes towards research and lack of confidence in
research skills have also been identified as important
obstacles to research involvement.21,22,24 In particular,
limited pre‐registration training in research was reported
as a barrier to dietitians subsequently undertaking
research in a survey of the Academy of Nutrition and
Dietetics,22 and is consistent with other studies in the
USA1,21,25 and UK.14

The reported lack of sufficient research training in
pre‐registration dietetics programmes coupled with
evidence that education, knowledge and interest in
research are associated with future research involvement
among dietitians23,24 is concerning because today's
students will be tomorrow's profession who will be

responsible for undertaking, applying and disseminating
future research.26

In the UK, pre‐registration programmes in dietetics
require student dietitians to have a ‘critical and applied
knowledge and understanding of research …’ including,
amongst others: research ethics and research governance;
the principles of scientific enquiry; quantitative and
qualitative research design; data management; statistical
analysis and interpretation; critical appraisal; and
evidence informed practice.27 At most universities in
the UK, research skills training culminates in the student
undertaking a research project usually in the final year of
the programme. Exposing students to the research
process is supported by an educational theory of
experiential learning, a model in which learners gain
skills and knowledge from direct experience.28,29

A small number of studies have demonstrated that
student dietitians’ exposure to undertaking a research
project improves confidence in their research skills.3,15,30

However, little is known of the change in attitudes and
confidence resulting from undertaking a research project,
nor the factors associated with optimal outcome, mainly
as a result of the lack of before and after analyses and
limited cohort sizes.

The present study aimed to investigate attitudes
towards research and confidence in research skills among
student dietitians before and after a research project.
Specifically, the study investigates: (i) attitudes towards
research and confidence in research skills among student
dietitians; (ii) the effect of undertaking a final year
research project on these attitudes and confidence; and
(iii) the factors associated with ‘high confidence’ and
‘improved confidence’ in overall research skills.

METHODS

The study used a questionnaire to investigate the
confidence and attitudes of student dietitians before
and after undertaking their final‐year research project.

Participants

Data were collected from students before and after
completing a compulsory research project module in
their final year of the 4‐year BSc Nutrition and Dietetics
programmes at King's College London and London
Metropolitan University, two large universities in Lon-
don, UK. All students undertaking the research project
module were eligible, with no exclusion criteria, and all
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were approached over five consecutive years at King's
College London (academic years ending in 2005–2009)
and three consecutive years at London Metropolitan
University (academic years ending in 2005–2007), aiming
to recruit a sufficiently large, unselected and representa-
tive sample.

Intervention

Both universities provide students with a compulsory
‘research methods’ module earlier in the BSc degree
(Years 1 or 2) in preparation for the research project
module in the final (Year 4). The research project
modules involve some research methods teaching (e.g.,
study design, research ethics, data analysis) followed by
undertaking a research project part‐time and under
supervision for 3–4 months.

Project selection consisted of compilation of a list of
research projects proposed by academic staff at the
university or by an external dietitian or nutritionist who
would co‐supervise a project with an internal academic.31

Students were provided with the list of proposed projects
that included the email address of the supervisor(s) who
could be contacted for further information regarding the
project if required. Projects were all relevant to nutrition
and dietetics and were diverse in the type of research
activity (e.g., literature review or systematic review,
experimental laboratory, questionnaire survey or dietary
survey, clinical audits, clinical trial or feeding study).
Some projects involved original data collection, whereas
others involved analysing data that had already been
collected. Students rated their preferred research project
(s) and allocation was based not only primarily upon
their expressed preference, but also with a goal to
distribute supervisory load between academic staff.

Following project allocation, all research projects
were conducted according to standard university proce-
dures. A research team was formed consisting of the
student dietitian and one (or more) university academic
and, for external collaborative projects, the external
dietitian/nutritionist. Each research team had a prelimi-
nary meeting to discuss the project, team member
responsibilities, supervisory arrangements and the dis-
semination of results.

On completion of the research projects, students
wrote a dissertation and prepared and presented a
research presentation or poster or participated in a viva
voce in line with the assessment requirements of their
university.

Questionnaire

Students were invited to participate in a survey of their
attitudes and confidence in their research skills by
completing a questionnaire before (first lecture of the

module) and after undertaking their final‐year research
project (following submission of their dissertation and
completion of their assessment). The questionnaire was
developed by the three members of the research team
(KW, JET and AMM) with extensive experience of
questionnaire design, psychometric testing and survey
conduct. Questionnaire design consisted of performing a
literature search to identify previously conducted sur-
veys, where possible, based upon which a bespoke
questionnaire was developed. The first iteration of the
questionnaire was piloted in 36 students and amend-
ments were made following feedback and discussion, and
the data collected from the pilot questionnaire were not
included in the current analysis.

Attitudes towards research were measured using a
series of nine statements reflecting a range of positive and
negative attitudes towards research and were taken
directly from a previous questionnaire, which, at the
time of the study design, was one of the few studies of
dietitians’ attitudes towards research.14 The only amend-
ment was to two statements: ‘Clinical research should be
led by clinicians’, which was clarified to ‘Clinical research
should be led by clinicians (doctors)’ to ensure consist-
ency of interpretation, and ‘I don't see research as part of
my job’, which was changed to ‘I don't see research as
part of a dietitian's job’ to reflect the respondents’ status
as students. Each statement was rated using a five‐point
Likert scale (‘1, Strongly agree’, ‘5, Strongly disagree’),
as in the previous questionnaire.14 As well as presenting
data on the level of agreement with each statement, data
were collapsed to show the numbers with positive
attitudes depending on the framing of statements. For
example, rating ‘Agree’ or ‘Strongly Agree’ to a positive
statement (e.g., ‘Research should be carried out by all
dietitians’) or ‘Disagree’ or ‘Strongly Disagree’ to a
negative statement (e.g., ‘I don't see research as part of a
dietitian's job’) were both considered to reflect positive
attitudes. Data were also used to calculate the numbers
whose attitudes improved between baseline and after
completing the project (e.g., whose answers moved in a
‘more positive’ direction). Attitudes towards future
involvement in research were measured on a dichoto-
mous Yes/No scale.

Confidence in research skills was measured for 10
research activities based upon the different stages of
research process from a model provided by the National
Institute of Health Research at the time (e.g., ‘Develop-
ing a hypothesis’, ‘Designing a research protocol’, and
‘Drawing conclusions from research’). Minor adapta-
tions were made; namely, removing a question on
obtaining research funding (which is not usually required
as part of university research projects): changing ‘Report
on the study and disseminate the findings’ into two
processes ‘Writing a research report’ and ‘Orally
presenting research findings’ (as both were performed
as part of the research project modules and require
distinct sets of skills); and, finally, a question regarding
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confidence in the ‘Overall research process’ was added (to
encompass overall confidence in research and not just in
a specific stage of the research process). Confidence was
rated on a five‐point Likert scale (‘1, Not at all
confident’, ‘5, A great deal of confidence’). As well as
presenting data on confidence in each of the 10 activities
and in the overall research process, data were also
collapsed to report those with ‘high confidence’ (‘4, A lot
of confidence’, ‘5, A great deal of confidence’). The
numbers of students with ‘improved confidence’ were
calculated, defined as increasing in confidence by one or
more on the Likert scale between baseline and after
completing the project (e.g., changing from ‘2, A little
confidence’ to ‘3, Quite a bit of confidence’).

The questionnaire completed at the end of the
research project also examined the extent to which
students were involved in different aspects of research
during their project and their perceptions of whether the
project had contributed to the development of their
research skills. These two outcomes were measured for
the 10 research activities and the overall research process
and were rated using the same five‐point Likert scale (‘1,
Not at all’, ‘5, A great deal’). High levels of involvement
were defined as the student reporting ‘4, A lot of
involvement’ or ‘5, A great deal of involvement’ in the
research project.

Ethical considerations

The study received ethical approval from the research
ethics committees of both King's College London and
London Metropolitan University. Questionnaires were
distributed during lectures in sealed envelopes and
completed on a voluntary basis. Questionnaires were
anonymised using a code such that questionnaires before
and after the research project could be paired for analysis
but did not contain the students’ name or any identifiable
details. Questionnaire responses were not linked in any
way to student records or academic results and did not
contribute or impact in anyway on the assessment of the
research project module.

Statistical analysis

Data were only analysed for students who provided a
questionnaire at both baseline and following completion
of the project, in order that changes in attitudes and
confidence could be calculated for all respondents.
Descriptive statistics were calculated for the variables
of interest and data are presented as n (%). Dichotomised
data were compared between baseline and after the
research project using a McNemar's test.

The two major educational outcomes of interest were
having ‘high confidence’ in overall research skills after
the research project (coded as either ‘4, A lot of

confidence’, ‘5, A great deal of confidence’ on the
questionnaire at the end of the project) and ‘improved
confidence’ in overall research skills between baseline
and after the research project (coded as an increase in
confidence of one or more on the Likert scale between
baseline and end of the research project). These two
educational outcomes were explored for related factors
using univariable logistic regression. Eight variables were
entered into the model relating to personal characteristics
(age, gender, university, previous involvement in
research) and project‐related characteristics (supervision
model/location, project type, original data collection,
student's reported involvement in the overall research
process after the project). Personal factors with a p< 0.1
in the univariate logistic regression model together with
all project‐related characteristics were included in the
multivariable logistic regression model.

Data were analysed in SPSS, version 26 (IBM Corp.).
p< 0.05 was considered statistically significant.

RESULTS

Participant characteristics

Questionnaires were distributed to 196 students, of
whom 184 (93.9%) returned a questionnaire at baseline
and 166 (84.7%) returned one following completion of
the research project. In total, 160 (81.6%) students
returned a questionnaire at both time points and are
the complete case analysis study population re-
ported here.

The 160 students had a median age of 25.0 years
(interquartile range = 10.7) and 149 (93.1%) were female
(Table 1). Overall, 115 (71.9%) studied at King's College
London and 45 (28.1%) studied at London Metropolitan
University. Two‐thirds (66.3%) undertook an internal
project (based at the university and supervised by a
university academic) and one‐third (33.7%) undertook an
external project (based in a hospital, clinic or other
research institute, and supervised by both a university
academic and an external dietitian/nutritionist). A wide
range of project types were undertaken, including
questionnaires or dietary surveys (30.0%), literature
reviews or systematic reviews (23.8%) and experimental
laboratory projects (18.1%) (Table 1).

Attitudes toward research

The majority of student dietitians’ responses to state-
ments reflected positive attitudes towards research at
baseline and after completing the project (Table 2). The
only exception was ‘seeing patients is more important
than research’. There were no significant differences in
the numbers with positive attitudes between baseline and
after the research project, except for ‘I find it hard to
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interpret research’, for which there was an increase in
number of students who ‘disagreed’ or ‘strongly dis-
agreed’ between baseline (44.4%) and after the research
project (61.8%, p< 0.001). The numbers whose attitudes
improved after the research project ranged from 10.6%
(‘I find it hard to interpret research’) to 26.3% (‘I don't
see research as part of a dietitian's job’). In terms of
attitudes towards future involvement in research, after
the research project, a very small minority of students
(5.6%) said they ‘did not want to be involved in audit and
research’ and the majority (63.1%) said they wanted ‘to
take part in research with colleagues’ (Table 3).

After completing the research project, there were no
differences for five of the seven attitude statements
regarding future involvement in research. However, there
was an increase in the numbers who ‘hope to do audit and
research’, (baseline 35.6% vs. after project 48.8%, p= 0.01)
and ‘hope to do research with colleagues’ (baseline 50% vs.
after project 63.1%, p= 0.009) (Table 3).

Confidence in research skills

The number of students with high confidence (‘4, A lot of
confidence’, ‘5, A great deal of confidence’) in their

research skills was very low at baseline, ranging from
only 6.9% (‘statistical analysis’) to 35.6% (‘orally
presenting research findings’) (Table 4). However, after
completing the research project, there were significantly
greater numbers with high confidence for nine of the 10
research skills. This resulted in the majority of students
having high confidence in five of the 10 research skills:
‘completing a literature search’ (82.5%), ‘collecting new
data’ (52.5%), ‘writing a research report’ (77.5%),
‘drawing conclusions from research’ (76.3%) and ‘orally
presenting research findings’ (65.6%).

There was also a significant increase in the numbers
with high confidence in the ‘overall research process’
increasing from 8.1% at baseline to 49.4% after the research
project. More than half of the students showed improved
confidence in their research skills for nine of the 10 research
skills (ranging from 53.1% ‘statistical analysis’ to 75.6%
‘writing a research report’). The exception was ‘obtaining
research ethics approval’ (28.8%).

Involvement in research project and perceptions
of role in skill acquisition

The areas of the research project in which the most
students had high levels of involvement (‘4, A lot of
involvement’, ‘5, A great deal of involvement’) were
‘completing a literature search’ (91.3%), ‘writing a
research report’ (95.6%) and ‘drawing conclusions from
research’ (95.0%). The areas where fewest students had
high levels of involvement were ‘obtaining research ethics
approval’ (11.3%), ‘designing a research protocol’
(42.5%) and ‘deciding on data collection methods’
(38.8%). In total, 133 (83.1%) students reported high
levels of involvement in the overall research process
(Table 5).

Over three‐quarters of students (77.8%) reported that
undertaking their research project had contributed ‘a lot’
or ‘a great deal’ to the development of their overall
research skills (Table 5). The majority reported that the
research project had contributed ‘a lot’ or ‘a great deal’
to their skills in: ‘completing a literature search’ (76.9%),
‘collecting new data’ (55.7%), ‘writing a research report’
(84.4%), ‘drawing conclusions from research’ (78.1%)
and ‘orally presenting research findings’ (63.1%).

Factors associated with high confidence and
improved confidence

In total, 79 (49.4%) students had high confidence in their
overall research skills after the research project, and the
odds of this outcome was analysed using logistic
regression (Table 6). Following univariable logistic
regression, the only statistically significant factors were
the project being an ‘external collaborative project’ (odds
ratio [OR] 2.05, 95% confidence interval [CI] 1.05–4.00,

TABLE 1 Characteristics of the 160 student dietitians
participating in the final year research project study

Characteristics Data

Age, years, median (interquartile range) 25.0 (10.7)

Gender, n (%)

Female 149 (93.1)

Male 11 (6.9)

University, n (%)

King's College London 115 (71.9)

London Metropolitan University 45 (28.1)

Previous research involvement, n (%)

No 134 (83.8)

Yes 26 (16.2)

Supervision model, n (%)

Internal project and supervisor 106 (66.3)

External project with internal and external
supervisor

54 (33.7)

Project type, n (%)

Literature review or systematic review 38 (23.8)

Experimental laboratory 29 (18.1)

Questionnaire or dietary survey 48 (30.0)

Clinical audit 24 (15.0)

Clinical trial or feeding study 21 (13.1)
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TABLE 3 Comparison of attitudes towards future involvement in research before and after undertaking a research project among 160 student
dietitians

Attitude statement Baseline,n(%) After research project,n(%) p value

I do not want to be involved in audit or research 14 (8.8) 9 (5.6) 0.359

I expect I would have to be involved in audit activities 65 (40.6) 64 (40.0) 1.000

I want to be involved in developing audit projects 40 (25.0) 52 (32.5) 0.127

I want to take part in research with colleagues 80 (50.0) 101 (63.1) 0.009

I hope to be involved in audit and research projects 57 (35.6) 78 (48.8) 0.01

I want to be more involved in research projects 51 (31.9) 61 (38.1) 0.175

I would consider pursuing a higher degree 55 (34.4) 52 (32.5) 0.735

p value represents comparison of the responses at baseline and after research project using McNemar's test

TABLE 4 Confidence in research skills before and after undertaking a research project among 160 student dietitians

Level of confidence in research skills,n(%) High confidencea Improved
confidencebResearch activity Not at all A little Quite a bit A lot A great deal n (%) p value

Developing a hypothesis Baseline 27 (16.8) 64 (40.0) 47 (29.4) 17 (10.6) 5 (3.1) 22 (13.8) < 0.001 89 (55.6)

After research project 10 (6.3) 30 (18.8) 58 (36.3) 45 (28.1) 17 (10.6) 62 (38.8)

Completing a literature
search

Baseline 5 (3.1) 37 (23.1) 62 (38.8) 44 (27.5) 12 (7.5) 56 (35.0) < 0.001 114 (71.3)

After research project 1 (0.6) 3 (1.9) 24 (15.0) 72 (45.0) 60 (37.5) 132 (82.5)

Deciding on data
collection methods

Baseline 31 (19.4) 68 (42.5) 44 (27.5) 13 (8.1) 4 (2.5) 17 (10.6) < 0.001 95 (59.4)

After research project 10 (6.3) 38 (23.8) 56 (35.0) 39 (24.4) 17 (10.6) 56 (35.0)

Designing a research
protocol

Baseline 31 (19.4) 62 (38.8) 48 (30.0) 15 (9.4) 4 (2.5) 19 (11.9) < 0.001 90 (56.3)

After research project 13 (8.1) 39 (24.4) 52 (32.5) 44 (27.5) 12 (7.5) 56 (35.0)

Obtaining research ethics
approval

Baseline 80 (50.0) 52 (32.5) 15 (9.4) 9 (5.6) 4 (2.5) 13 (8.1) 0.124 46 (28.8)

After research project 81 (50.6) 41 (25.6) 16 (10.0) 15 (9.4) 7 (4.4) 22 (13.8)

Collecting original data Baseline 24 (15.0) 64 (40.0) 56 (35.0) 13 (8.1) 3 (1.9) 16 (10.0) < 0.001 100 (62.5)

After research project 21 (13.1) 24 (15.0) 31 (19.4) 55 (34.4) 29 (18.1) 84 (52.5)

Statistical analysis Baseline 47 (29.4) 63 (39.4) 39 (24.4) 8 (5.0) 3 (1.9) 11 (6.9) < 0.001 85 (53.1)

After research project 32 (20.0) 31 (19.4) 51 (31.9) 31 (19.4) 15 (9.4) 46 (28.8)

Drawing conclusions
from research

Baseline 12 (7.5) 44 (27.5) 69 (43.1) 29 (18.1) 6 (3.8) 35 (21.9) < 0.001 120 (75.0)

After research project 4 (2.5) 2 (1.3) 32 (20.0) 78 (48.8) 44 (27.5) 122 (76.3)

Writing a research report Baseline 9 (5.6) 50 (31.3) 73 (45.6) 25 (15.6) 3 (1.9) 28 (17.5) < 0.001 121 (75.6)

After research project 2 (1.3) 5 (3.1) 29 (18.1) 68 (42.5) 56 (35.0) 124 (77.5)

Orally presenting
research findings

Baseline 6 (3.8) 36 (22.5) 61 (38.1) 46 (28.8) 11 (6.9) 57 (35.6) < 0.001 92 (57.5)

After research project 6 (3.8) 10 (6.3) 39 (24.4) 55 (34.4) 50 (31.3) 105 (65.6)

Overall research process Baseline 15 (9.4) 60 (37.5) 72 (45.0) 10 (6.3) 3 (1.9) 13 (8.1) < 0.001 113 (70.6)

After research project 3 (1.9) 9 (5.6) 69 (43.1) 59 (36.9) 20 (12.5) 79 (49.4)

aNumbers (%) with ‘High confidence’ are those reporting either ‘A lot’ or ‘A great deal’ of confidence in their research skills. p value represents comparison of the numbers
with high confidence at baseline and after research project using McNemar's test
bNumber (%) with ‘improved confidence’ defined as increasing in confidence by one or more on the Likert scale between baseline and after completing the project (e.g.,
changing from ‘2, A little confidence’ to ‘3, Quite a bit of confidence’).
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p= 0.035) and the student reporting ‘high levels of
involvement in the overall research process’ (OR =
5.51, 95% CI = 1.97–15.45, p= 0.001). However, follow-
ing multivariable logistic regression the only factor
significantly associated with high confidence in overall
research skills was having ‘high levels of involvement in
the overall research process’ (OR = 6.13, 95% CI =
2.03–18.49, p = 0.001). The multivariable regression

model was statistically significant (χ2 = 18.244, df = 7,
p= 0.011).

In total, 113 (70.6%) students reported improvement
in their overall research skills after the project, and the
odds of this outcome was also analysed using logistic
regression (Table 6). Following univariate logistic
regression, the only statistically significant factors were
‘university’ (King's College London OR = 2.27, 95% CI

TABLE 6 Univariable and multivariable analysis of participant and project‐related factors associated with having ‘high confidence in overall
research skills’ and having ‘improved confidence in overall research skills’ after completing the research project among 160 student dietitians

High confidence in overall research skills after projecta Improved confidence in overall research skills after projectb

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
Variable (reference group) OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age 0.98 (0.93–1.02) 0.284 – – 0.96 (0.91–1.00) 0.071 0.97 (0.92–1.02) 0.245

Gender (Female)

Male 1.25 (0.37–4.27) 0.723 – – 0.47 (0.14–1.63) 0.234 – –

University (London
Metropolitan)

King's College London 1.16 (0.50–2.32) 0.668 – – 2.27 (1.10–4.71) 0.027 1.81 (0.73–4.51) 0.202

Previous research
involvement (None)

Some previous research
involvement

1.80 (0.76–4.26) 0.179 ‐ ‐ 0.92 (0.37–2.30) 0.865 ‐ ‐

Supervision model/location
(Internal)

External project 2.05 (1.05–4.00) 0.035 2.11 (0.81–5.47) 0.126 1.49 (0.71–3.14) 0.295 0.98 (0.33–2.89) 0.969

Project type (Literature
review)

Experimental laboratory 1.25 (0.47–3.32) 0.660 2.26 (0.51–10.10) 0.285 2.54 (0.88–7.37) 0.085 1.92 (0.36–10.39) 0.448

Questionnaire or dietary
survey

1.67 (0.70–3.95) 0.246 1.45 (0.44–4.71) 0.540 2.18 (0.88–5.37) 0.091 1.38 (0.38–5.01) 0.622

Clinical audit 2.56 (0.89–7.32) 0.080 1.77 (0.35–8.86) 0.488 2.43 (0.79–7.47) 0.122 1.87 (0.32–11.12) 0.489

Clinical trial or feeding
study

1.69 (0.58–4.94) 0.341 2.35 (0.56–9.91) 0.244 3.44 (0.97–12.17) 0.055 2.89 (0.50–16.58) 0.234

Data collection
(No data collection)

Original data collection
included

1.40 (0.74–2.67) 0.305 0.59 (0.19–1.82) 0.357 2.05 (1.02–4.11) 0.043 1.35 (0.39–4.72) 0.641

Involvement in overall
process (Low)

High involvement in
overall process

5.51 (1.97–15.45) 0.001 6.13 (2.03–18.49) 0.001 2.24 (0.96–5.25) 0.063 2.17 (0.80–5.90) 0.128

Overall model χ2 (7) = 18.244 0.011 χ2 (9) = 14.955 0.092

Statistically significant differences are highlighted in bold.
a'High confidence' in overall research skills represents those reporting either ‘4, A lot’ or ‘5, A great deal’ of confidence in their overall research skills after completing their
research project
b'Improved confidence' in overall research skills represents those whose confidence in their overall research skills increased by one or more on the Likert scale after
completing their research project.

Abbreviations: CI, confidence interval; OR, odds ratio.
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= 1.10–4.71, p= 0.027) and ‘undertaking original data
collection’ (OR = 2.05, 95% CI = 1.02–4.11, p= 0.043).
However, following multivariable logistic regression, no
factors were statistically significant associated with
having improved confidence in research skills and the
model itself was not statistically significant (χ2 = 14.955,
df = 9, p= 0.092).

DISCUSSION

Research is a cornerstone of dietetic practice, and a
lack of confidence in research skills is a commonly
reported barrier to dietitians undertaking research.14,21,25

Research skills are commonly taught at university by
experiential learning involving students undertaking a
research project. The present study aimed to investigate
attitudes towards research and confidence in research
skills among student dietitians before and after a
research project.

Students held largely positive attitudes towards
research, both at baseline and after the research project
(Table 2). Indeed, the only statement for which the
majority did not hold positive views was ‘seeing patients
is more important than research’, for which 44%–45%
reported neutral (‘neither agree, nor disagree’) rather
than negative views, reflecting the reality that neither
seeing patients, nor doing research are more important.
The attitudes towards research reported by student
dietitians were, in general, similar or more positive than
those reported by registered dietitians in a previous
survey from which the questionnaire was taken.14 For
example, after completing their project, there were great
proportions of students agreeing that ‘Research should
be carried out by all dietitians’ (students 59.4%, dietitians
38%) and disagreeing that ‘I don't see research as part of
a dietitian's job’ (students 75.6%, dietitians 60%).14

Overwhelmingly positive attitudes to research at baseline
might reflect students’ early introduction to the impor-
tance of research at university, their ongoing exposure to
research through coursework and direct contact with
researchers within their university, at the same time as
the lack of exposure to some of the barriers to under-
taking research within the practice setting.

Improvements in attitudes were only demonstrated in
a small proportion of students during the research
project and the number of students with a positive
attitude after the project was rarely statistically signifi-
cantly greater than before the project. This may be a
result of ceiling effects because of the high proportion of
positive responses to attitude statements observed at
baseline or perhaps because their research project has
given them realistic expectations of research involvement
within dietetics. The only statistically significant
improvement in attitudes occurred for the statement ‘I
find it hard to interpret research findings’, which notably
was the only attitude related to students’ own skills as

opposed to addressing general attitudes towards research
among dietitians.

Participation in the research project had little impact
on expectations for future research involvement (Table 3).
This contrasts with many studies in different countries or
different disciplines. For example, evaluations of student
dietitians in Australia,3 student dietitians and dietitians
in the USA,32 science students in the USA,33 and medical
and allied health students in South Africa34 have
reported a university research project as a driver for
future research involvement, including the prospect of
future PhD studies. However, in these examples, under-
taking a research project at university is generally
elective, and therefore may select students already
interested in developing a research career, whereas, in
the present study, the research project module was
compulsory. As well as expectations for future research
involvement, a previous study across a range of
disciplines has reported that university research projects
increase students’ self‐reported preparedness and oppor-
tunities for a postgraduate research career,35 although
this was not measured in the present study.

Undertaking a research project improved confidence
in research skills in many students and in many aspects of
the research process and was evident both when students
were asked to rate their own research skills (Table 4), as
well as for their perception of the extent to which the
project enhanced their research skills (Table 5). More
than half of students reported improvements in confi-
dence for nine of the 10 research skills and, at the end of
the project, almost half reported high levels of confidence
(49.4%) and almost three‐quarters (70.6%) had improved
confidence in the overall research process.

These findings concur with a previous large study in
over 10,000 students in the USA from science, technol-
ogy, engineering, medicine and social sciences, where
83% reported improved confidence in research skills
following a university research project.36 Within dietet-
ics, a relatively small health discipline, there are
inevitably only much smaller studies. Positive effects on
research skill development following participation in a
research project has been reported in 18 student
dietitians in Australia,30 13 student dietitians volunteer-
ing as research assistants in the USA37 and 55 student
dietitians undertaking an online simulated research
project in the USA.15

The present study is therefore the largest analysis to
date demonstrating the positive effects on research skills
in student dietitians and, importantly, enabled an
exploration of the factors associated with confidence.
Many project‐related factors were explored, including
the supervision model/location (internal vs. external), the
type of project (e.g., experimental laboratory, dietary
survey, etc.) and whether original data was collected,
many of which are themselves related, highlighting the
importance of multivariable regression analysis to test
for independent associations. Indeed, the only factor
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independently associated with high confidence in the
overall research process was having high levels of
involvement in the overall research process. This has
been previously alluded to in the wider literature outside
of health professional education. For example, a previ-
ous study shows greater perceived benefit to skills when
undertaking research projects of greater duration,38

whereas another study reports that scores on a research
proposal assessment at the start of graduate school was
associated with the duration and autonomy of experience
during their undergraduate research project.39

It is encouraging that the only factor related to high
confidence in overall research skills was high levels of
involvement in the overall research process, which
resulted in a more than six‐fold greater odds of high
confidence and was more important than other project‐
related factors (e.g., supervision model, type of project,
collection of original data). Offering variety in opportu-
nities in project type can be challenging in some
university settings as a result of access to laboratory
facilities, the research interests of academic staff and the
existence of established external collaborations. How-
ever, the present study reinforces that, irrespective of
these other factors, the most important goal is to offer
research projects that enable as much involvement in the
overall research process as possible, thus emphasising the
role of experiential learning (learning by doing) in
research skills development.

Reassuringly, personal characteristics (age, gender,
university, previous research experience) were not
significantly associated with high confidence or improved
confidence. Two project‐related factors are worthy of
comment: the supervision model/location and the project
type. Projects that were undertaken externally and
supervised by both an internal and an external supervisor
were associated with greater odds of high confidence on
univariable but not multivariable analysis. The positive
effect of collaborative supervision is congruent with
previous studies.31,40,41 The type of project undertaken
was not significantly associated with high confidence or
improved confidence on either univariate or multivariate
analysis. Clinical audit, a common method of data
collection and evaluation in dietetic practice, resulted in
similar levels of high confidence and improved confi-
dence as other project types. However, given the five
different categories of project type, the study may have
been underpowered to detect association with such low
event rate.

Research projects vary widely in the extent to which
they involve different activities in the research process.
Given the relationship between high levels of involve-
ment and high confidence in research skills, the limited
confidence in specific skills such as ‘developing a
hypothesis’ and ‘obtaining research ethics approval’ is
unsurprising. The short duration of the research project
(usually 3–4 months part time) means that students are
seldom involved in the early stages of project conception,

design and approval. As such, these areas where
involvement and confidence are low, may benefit from
being further incorporated into the teaching curriculum
and into future research projects. In addition, on
circulating research project titles, supervisors could
indicate the likely levels of involvement in different
aspects of the research process so that students can select
a project more likely to fit their learning needs, as well as
their interests.

Undertaking a final year research project has been
described as a ‘high impact educational experience’42 but
requires intensive and often 1:1 supervision from a
university academic. Indeed, it has been argued that it is
not only the activities of the research project that
promote learning, but also the intensive supervision,
the close interactions with academics and researchers,
and the integration of students into the research fabric of
university life that provides a unique educational
experience unlike that of lectures and seminars.35 Despite
this, competing curricula demands has been reported as
the most common barrier to teaching research skills in
pre‐registration programmes in nursing, midwifery and
allied health.43 Given the intensive nature of research
project supervision and the busy curricula in dietetic
education, it is important that there are demonstrable
educational outcomes to justify research projects as a
highly effective method of teaching research skills –

justification that this evaluation now provides.
In the present study, all students undertook a

research project; however, it would be interesting to
compare the attitudes and confidence in research skills of
those who do (intervention) and do not (control)
undertake a research project. Such a control group
would be challenging in the UK environment where a
research project is commonly a compulsory component
in the final year of a Bachelors degree in dietetics. In
other countries, including Australia, Canada and the
USA, such comparisons can be made; however, students
are not randomly selected to do a research project or not,
and so selection bias might result in the most research‐
orientated students carrying out a research project and
therefore would impact conclusions.

Strengths and limitations

This is the largest study directly comparing student
dietitians’ attitudes to research and confidence in their
research skills before and after undertaking a research
project. It has used identical questionnaires items and
response sets at baseline and after the project to enable
direct comparison. However, the questionnaires were not
validated prior to use, although the attitude statements
were adapted from a previous survey investigating
dietitians’ attitudes towards research.14 The lack of
validity and reliability testing may introduce variation
in student responses, whereas social desirability bias may
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lead some students to exaggerate attitudes and confi-
dence, although statistical analysis was still able to
identify findings that were statistically significant and
theoretically plausible. Different questionnaires have
subsequently been used to measure attitudes to
research13,32 and confidence in research skills19 and some
instruments have undergone psychometric testing of
phenomena including research involvement,44,45 and
such questionnaires may be used in future studies.

The large sample size enabled investigation of the
factors independently associated with high confidence and
improved confidence through multivariable logistic regres-
sion. The lack of exclusion criteria and high response rate
(81.6%) minimised selection bias. Using a complete case
analysis of only those students who completed a question-
naire at both time points avoided the need for data
imputation, although this may have resulted in the
inclusion of only those students who successfully completed
the research project module, and therefore may have
inflated improvements in confidence in research skills. The
sample was mostly young and mostly female, although this
is largely representative of student dietitians in the UK.
Although the questionnaire surveys were conducted
contemporaneously to the research projects, these were
conducted more than 10 years ago. However, we do not
consider this will impact data integrity and interpretation
because the research project modules are still undertaken in
the same style at the two universities and there is no reason
to assume that student cohorts have changed during this
period. Furthermore, this evaluation was performed at only
two universities and, although there may be differences in
the content and delivery of research training provided
compared to other universities, the quality of the research
training in pre‐registration dietetics programmes is likely
representative of other universities in the UK.

The present study is also limited in that it only
measured students’ self‐reported confidence in research
skills. Student reports of research skills has been shown
to lack agreement with academic and performance‐based
assessment of research skills.46 One study has shown that
students who had previously undertaken a research
project as an undergraduate had higher scores for a
research proposal assessment at the start of their PhD
compared to those who had not undertaken such a
project.39 Academic or performance‐based assessments
were not used in the present study because using official
university grades awarded for the research project
module may have limited participation in this evaluation
and because students’ perceptions of their learning
remain an important educational outcome of a reflective
practitioner. However, tangible outcomes, such as the
number of research projects that students then presented
at conferences or published as full manuscripts, or the
number of students progressing to Masters or Doctoral
degrees, would be ‘real‐world’ outcomes following
completion of a university research project and should
be included in future studies in this area.

Finally, the data collected were exclusively quantita-
tive. Qualitative enquiries may help bridge the gap
between the generally positive attitudes toward research
and actual research involvement, as well as provide in‐
depth insight into how the research project may impact
attitudes to research and confidence in research skills.

CONCLUSIONS

Student dietitians exhibit generally positive attitudes
towards research. In general, undertaking a research
project did not improve attitudes to research but did
improve students’ confidence in their research skills.
High levels of involvement in the overall research process
was the only significant factor associated with high
confidence in overall research skills. This suggests that,
regardless of personal or project‐related characteristics,
so long as student dietitians are highly involved in the
research process, they have six‐fold greater odds of
achieving high confidence after undertaking a research
project. Whether these improvements in confidence are
sustained and translate into future research involvement
in practice warrants further investigation.
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Abstract
Background: Despite economic growth, Cambodia continues to have high
rates of malnutrition, anaemia and nutrition‐related deficiencies. Government
policies promote nutrition strategies, although dietary intake data is limited. A
detailed synthesis of existing intake data is needed to inform nutrition policy
and practice change. This review aims to characterise and assess quality of
dietary assessment methods and outcomes from individual‐level ‘whole diet’
studies of Khmer people living in Cambodia.
Methods: Searches were conducted using PRISMA‐ScR guidelines. Included
papers reported dietary intake at an individual level for ‘whole diet’. Studies
using secondary data or lacking dietary assessment details were excluded.
Extracted data included dietary assessment features, nutrient/food group
intakes and database.
Results: Nineteen publications (15 studies) were included, with nine carried out
among children under 5 years and six among women. Eleven studies reported
intake by food groups and four by nutrients, prominently energy, protein, vitamin
A, iron, calcium and zinc. Inconsistent intakes, food groupings and reporting of
study characteristics limited data synthesis. All but one study used 24‐h recalls.
Trained local fieldworkers used traditional interview‐administered data collection
and varied portion estimation tools. Food composition databases for analysis were
not tailored to the Cambodian diet. Overall quality was rated as ‘good’.
Conclusions: We recommend the development of a best‐practice protocol for
conducting dietary assessment, a Cambodia‐specific food composition
database and a competent trained workforce of nutrition professionals, with
global support of expertise and funding for future dietary assessment studies
conducted in Cambodia.
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Cambodia, dietary assessment, dietary intake, food composition database, review

Key points
• Fifteen studies with highly variable intake data included in the review.
• The food composition databases used were not specific to Cambodian diet.
• Minimum reporting standards and best practice protocols recommended,
including in‐country nutrition training.

• Lack of whole population dietary intake data indicates the need for a
national survey.
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INTRODUCTION

The health of Cambodia's Khmer population continues
to be adversely impacted secondary to the devastation
inflicted on society during Khmer Rouge regime from
1975 to 1999.1 Cambodia is currently classified as a low‐
middle income country (LMIC), with poverty manifested
by high rates of poor hygiene, sanitation and nutritional
status coupled with inadequate health services.2,3 Poor
nutritional status is indicated by relatively high rates of
underweight (24%), stunting (32%) and wasting (10%)
among children aged under 5 years (i.e., high compared
to neighbouring Thailand and Vietnam, and similar to
Laos),4 underweight among women of reproductive age
(WRA) (14%) and moderate (37%) levels of food
insecurity.5,6 A growing proportion of malnourished
women (18%) and children (2%) have overweight or
obesity, amplifying the double burden of malnutrition.6

The prevalence of anaemia remains high for children
under 5 years (56%) and women (44%),6 despite targeted
programmes and government initiatives attempting to
counter this situation. Nutritional deficiencies remain
prevalent, with zinc deficiency rates of 73%–90% among
children,7,8 19% for folate among women, and 33% and
60% for vitamin D in children and women, respectively.6

Vitamin A rates (9% in 2014) in women have decreased
since 2000.6

Dietary patterns in Cambodia reflect the communal
lifestyle of the Khmer people, who share family meals
that feature rice, soup, sweet stew and fish.9 Typical
Khmer diets lack adequate meats, vegetables and fruit,
reflecting widespread poverty rather than the
unavailability of these food items in Cambodia.10 Energy
dense snacks high in fat, sugar and salt are commonly
consumed, particularly by children.11 Along with condi-
ments high in salt such as fish sauce, soy sauce and
monosodium glutamate, as well as added salt, these
contribute to the common unhealthy dietary patterns.

Global health agencies and non‐government organi-
sations have partnered with the Cambodian government
to address key nutritional and food security issues
amongst Cambodians.12,13 This primarily focuses on
malnutrition‐related strategies for mothers and children.
These include the first National Nutrition Strategy
2009–2015,14 a National Nutrition Program's fast track
road map for improving nutrition 2014–2020,15 the
National strategy for food security and nutrition
2019–2023,2 and the Cambodia Nutrition project with
World Bank.16 Additionally, international researchers
have conducted cross‐sectional studies and interventions
to inform further policy and programme develop-
ment.12,13 Ninety percent of these studies reported being
funded by external agencies, many in partnership with
the Cambodian government.13

These strategies are consistent with the Sustainable
Development Goals for ending hunger and all forms of
malnutrition by 2030.17 Despite nutrition policy and

strategy prioritisation in Cambodia, there are no goals or
strategies to specifically address nutritional adequacy of
dietary intakes. The most specific policy reference to
dietary intake is to ‘increase availability of information
through improved monitoring, evaluation and research’
(strategy 7.5; NNS14). Currently Cambodia lacks
national nutrient reference values for children aged
under 5 years and adults, although, recently, the
Cambodian government developed ‘Cam‐RDA’ nutrient
reference values for school‐age children.18

Food consumption surveys assess the dietary intake
of individuals or groups aiming to examine nutrient
adequacy of population intake and also diet–disease
relationships so that these can inform national nutrition
and health policies.19 Individual‐level dietary assessment
in Khmer populations is problematic because of chal-
lenges such as estimation of individual portions eaten
from shared plates.20 The absence of a comprehensive
Cambodian‐specific food composition database (FCD)
further limits any accurate evaluation of nutrient
adequacy of Khmer populations and specific age groups
within the population.21,22

Published studies about dietary intake in LMICs
often do not describe the dietary assessment methods
used in a comprehensive or systematic manner.23 Low
rigour and poor study quality limit generalisability of the
study findings and potentially can result in misleading
recommendations or inappropriate strategy implementa-
tion.24 Guidelines such as STROBE‐nut25 were devel-
oped to improve the global quality of nutrition
intervention reporting, and the European Micronutrients
Recommendations Aligned Network of Excellence
(EURRECA)26 tool is available for assessing the quality
of dietary intake validation studies.

Our recent scoping review included 100 food and
nutrition studies with Khmer living in Cambodia, of
which 42 involved a nutrition intervention, 76 were
dietary assessment studies and 18 involved both nutrition
intervention and assessment components.13 Two‐thirds
(68%) of studies were conducted among WRA and young
children, and predominantly focused on malnutrition‐
related issues and anaemia.13 Thirty‐five dietary assess-
ment studies explored a specific dietary component
(vitamin A‐rich foods, sugar‐containing foods, snack
foods) or a single food such as rice or fish, rather than
having an overall or ‘whole diet’ focus. The review
provided a comprehensive overview of nutrition research
conducted in Cambodia to date, but the intentionally
broad inclusion criteria, diversity of primary outcomes
and variability in dietary assessment methods used
limited the comparison of outcomes between the
included studies. Additionally, characteristics relating
to dietary assessment methods and FCDs were not the
primary focus and so methodological quality was not
comprehensively investigated.

To better understand the dietary intake of Khmer
people living in Cambodia, in‐depth analysis and
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synthesis of data and the methods used in dietary
assessment‐specific studies were identified as an urgent
need for further informing future research. In particular,
there is a need for evidence relating to the relationships
between nutrition and health, as well as the reporting of
food and/or nutrient intakes at the individual level.27

The primary aim of the current review was to
characterise food and/or nutrient intake outcomes and
associated dietary assessment methods in studies that
evaluated ‘whole diet’ among Khmer people living in
Cambodia. A secondary aim was to evaluate the quality
of dietary assessment methods used in these individual‐
level dietary intake studies.

METHODS

The initial search was conducted in May 2020, and an
updated search was performed in November 2021,
following the PRISMA‐ScR protocol.28 The full search
strategy is described in Windus et al.13 Briefly, five
databases (Medline, CINAHL, Embase, Cochrane
library and Scopus) were searched using specific key-
words related to nutrition, health, diet, food and
Cambodia. Grey literature searches included Google
Scholar and websites for Cambodian government and
several global health organisations.

After removing duplicates, each study was screened
by two reviewers by title and abstract, then full‐text
articles were independently evaluated by two reviewers
against the inclusion/exclusion criteria. Conflicts at both
stages were resolved by a third reviewer. Studies were
included if they were conducted among Khmer people
living in Cambodia, and included dietary assessment,
which could be but was not limited to observation, self‐
report or proxy surveys. Included papers reported
dietary intake at an individual level for the ‘whole diet’.
To be eligible as a ‘whole diet’, studies collected dietary
intake on nutrients and/or food groups that reflected a
complete dietary intake. Studies were excluded if they
collected partial dietary intake such as single specified
food items (e.g., rice, fish, sugar‐containing snacks), one
food group (e.g., meats, complementary foods, breast-
milk substitutes) or foods rich in a single nutrient (e.g.,
vitamin A‐rich foods). Qualitative studies and articles
pre‐dating 1993 or in languages other than English or
Khmer were excluded. Studies were excluded if there was
only secondary data analysis (rather than primary data),
collected household‐level intake, or they used indirect
methods such as food balance sheets. Studies that did not
report on the dietary assessment methods used or results
of dietary intake were also excluded. Screening of
included studies was conducted by two reviewers and
13 conflicts were resolved by discussion and consensus.

Data from included ‘whole diet’ dietary assessment
studies were extracted by the lead reviewer and checked
by a second reviewer. Extracted data included dietary

assessment features/tools, validation status, nutrient or
food group intake measured, FCDs and nutrition
adequacy standards used. Dietary assessment methods
were categorised as ‘validated’ when the study indicated
use of a validated tool.

The EURRECA26 scoring system was selected as a
quality assessment tool as a result of applicability for
dietary assessment studies. Two reviewers independently
scored each study based on sampling, statistics, adminis-
tration, seasonality and supplements, with a score < 2.5
rated as ‘poor’, 2.5 to < 3.5 as ‘reasonable’, 3.5 to < 5.0
as ‘good’ and 5.0–7.0 as ‘very good’. Steps two and three
assess correlations of validation studies and thus were
not used.

RESULTS

The literature search identified 4109 titles, of which 293
full text articles were assessed for inclusion and a further
274 were excluded. Two hundred and fifty‐five articles
were excluded based on study type, characteristics or
design, 35 were excluded because they did not report
intake of the ‘whole diet’, 12 studies did not use primary
data, seven studies collected household rather than
individual dietary intake, and eight did not fully
described the dietary assessment methods used
(Figure 1). Of the resulting 19 publications, seven
reported on the same three studies, and the remaining
12 publications were individual studies. Therefore, 15
studies were included in this review, with the publications
from the same study differentiated by the first author's
name and year.

Eight studies reported on nutrition interventions,
including three home food production interventions,29–33

a local food‐based supplement,34 iron and zinc supple-
ments,35 and a lunch provision study.36 Nine were cross‐
sectional dietary intake assessment studies6,7,9,11,18,37–40

and two reported on validation of a dietary assessment
tool.41,42

Table 1 presents detailed characteristics and dietary
assessment features of the included studies. Participants
in nine studies were children under 5 years of age, six
studies included WRA, two studies involved school‐age
children, one included adult women only and one study
in an adult population involved predominantly (63%)
women participants. Nine studies reported food group
intake, four reported nutrient intake and two reported
collecting both.

Dietary intake reported in studies that assessed
‘whole diet’ intake in Cambodia

Pooling of absolute dietary intakes by nutrient and/or
food group was not possible because of the variability in
the data collection and/or reporting and the small
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representation by each population subgroup. However, a
synthesis of the study data is summarised in Table 2.

Intakes spanning 20 nutrients were reported (see
Supporting information, Supplementary Tables S1 and
S2). Vitamin A and iron were reported in all six studies,
with protein, calcium, zinc and energy also commonly
reported. Children's reported intakes of vitamin A
(151–353 µg RE) and calcium (152–278mg) varied
considerably between studies, whereas macronutrient
intakes were fairly consistent between studies. Reported
intakes were higher for school‐age boys than girls, and
inconsistent variability was evident among WRA. In
studies that reported dietary or nutrient adequacy,
moderate to high proportions of children were
inadequate in vitamin A (45%–81%), iron (36%–78%),
calcium (76%–99%) and zinc (53%–92%), whereas
50%–89% WRA were inadequate in iron intake.

Eleven studies reported food group intakes, most
commonly as amounts in grams or proportion of
participants consuming it (see Supporting information,
Supplementary Table S3). The number of food groups
reported ranged from six to 33. Categorisation of food

groups was inconsistent between studies; for example,
vegetable groupings included vitamin A rich vegetables,
dark green leafy vegetables, other vegetables, white
tubers and roots, or combined fruit and vegetables (see
Supporting information, Table S4). Excluding breastmilk
for infants, cereals/grains were consistently the most
consumed food group by all population groups, followed
by flesh foods (such as meats, fish) and vegetables. High
intakes of snack foods among children from six months
old was evident, whereas younger children reported
higher intakes of milk/dairy than school‐age children,
and WRA intakes varied widely. Fruit intake was
moderate across all groups, whereas condiments/spices
were a common diet component for WRA.

Of the eight studies of infants, four7,32–34,38 ac-
counted for breastmilk intake by applying estimated
quantities from World Health Organization,43 according
to breastfeeding status (partial or exclusive) and age (up
to 12 months only). Bunthang et al.37 reported breast-
feeding rates for exclusively breastfed infants under
6 months old, although they did not account for the
contribution of breastmilk to the nutrient intakes for

FIGURE 1 PRISMA flow diagram of article identification and inclusion in review of dietary assessment individual‐level whole diet studies in
Khmer populations living in Cambodia. DA, dietary assessement
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children over 6 months of age. Reinbott et al.29,30 and the
Save the Children's Nourish project31 collected data on
breastfeeding practices for measuring intervention effec-
tiveness, and CDHS 20146 collected breastfeeding status
and duration data for tracking population behaviour,
although there was no reporting of nutrient intakes;
hence, they did not apply a breastmilk intake quantifica-
tion. Schümann et al.35 did not consider breastfeeding in
their intervention study.

Dietary assessment methods

All but one study (n=14 studies) used 24‐h recalls
(24R),6,7,9,11,18,29–34,36–42 four studies used food frequency
questionnaires (FFQ),9,18,29,30,35,42 and five studies reported
using another method, including weighed food records
(WFR) (n=4)7,37,38,41 or food records (n=1).11 Four studies
indicated collecting breastfeeding frequency data.6,31,34,37 Of
the studies that used 24‐R, nine conducted a single
recall,6,7,11,18,29–31,37–40 four collected 2× 24‐h re-
calls9,32,33,41,42 and two studies collected 3× 24‐h recalls.34,36

Four studies indicated using the multipass 24R
method,7,32,33,39,41 including a fourth pass to record vitamin
and mineral supplements. Hanley‐Cook compared a list‐
based (19 food groups) 24R against an open recall 24R
method, showing higher intake trends with a list‐based
method.41 Three 24R studies indicated intentional recall
days selection, either all days of the week,7 only weekdays,38

or scheduled non‐consecutive weekdays and a weekend
day,34 whereas ‘non‐normal eating’ days were excluded from
the data for two studies.11,39

Seven studies combined a 24 R with another method,
either FFQ (n= 3),9,18,29,30,42 WFR (n= 4)7,37,38,41 or
food record (n= 1).11 Except for both Horiuchi et al.42

and Hanley‐Cook et al.41 validation studies, these
combined methods aimed to enhance the 24 R data
collected by adding portion weights (WFR), feeding
patterns (observation), frequencies for usual intake or
calculating dietary diversity score (DDS).

The reporting period for FFQs varied, with two
studies capturing intake from over the past 7 days,29,30,35

one over the past month42 and one did not specify a
reference time.9 Only Horiuchi et al.42 described the FFQ
development process, selecting 58 items from 24R, and
10 frequency categories for all items except rice, which
used higher frequency categories.

Three studies7,32,33,39 indicated using the validated
dietary intake collection tool of Gibson and Ferguson.45

Verbowski et al.32,33 used the 24‐h vitamin A semi‐
questionnaire (24‐VASQ) tool of De Pee et al.46 for
baseline, which is not validated. Four studies6,31,34,36

indicated that their data collection tool was based on the
Cambodian Demographic and Health Survey6, which
has been pretested and repeatedly used for the national
population survey; however, the dietary intake section
has not undergone validation and reproducibility testing.T
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Dietary assessment method features

All studies used an interview‐assisted method of data
collection. Interviewers were field workers, health workers
or research assistants, the majority of whom reported having
received training from the primary investigators. All
interviewers were local Cambodian people fluent in Khmer
language and culture. Thirteen studies used traditional pen‐
and‐paper data collection, and three applied computer‐
assisted data collections through use of a tablet.31,40,41

Eight studies indicated using at least one tool for
estimating portion size. Tools included standard

household utensils volumes (n= 5),7,11,18,32–34,37,42 food
models (n= 4)7,32,33,37,38 or food photos (n= 3).9,11,18,38,42

Interviews conducted in participant's home incorporated
weighing estimated portions (n= 5)7,32,33,37,38,41 or cali-
brated household utensils (n= 1).32,33 Shared plate eating
was addressed by estimating proportion eaten from a
given recipe and weighed (n= 4).9,32,33,37,38

Randomisation methods included simple randomisa-
tion (n= 1),37 cluster sampling (n= 5),11,18,29,30,32–35,42

computer‐generated population representation (n= 1)6

and convenience sampling (n= 3),9,39,41 with the remain-
ing five studies7,31,36,38,40 recruited from lists of

TABLE 2 Synthesis of dietary intake patterns by Khmer population group in dietary assessment study review.

Population group Nutrient intakes assessed Food intakes assessed

Child≤ 5 years 4 studies7,32–34,37 6 studies6,29–31,35,37,38

• All used 24 R, 134 also collected BFF
• 7–14 nutrients reported
• included energy, protein, vitamin A, calcium, iron
and zinc

• Mean energy intake 2678–4067 kJ day–1

• Mean protein intake range 17.6–31 g day–1,
increasing with age

• Similar mean intakes for carbohydrate, thiamine,
riboflavin and iron across studies

• Wider range for vitamin A, niacin, calcium and zinc
• 3 studies7,32–34 collected some V&M supps intake

• 5 used 24 R, 2 used FFQ, 2 also used WFR
• Food groups range of 8–33
• Highest intake from grain products and fish
• Moderate intake of vegetables and snack foods.
• For children < 2 years included complementary
foods, for example, formulated baby foods, infant
formula

• 2 studies31,38 included breastmilk as a food item
• Vit A and iron supp intake reported (CDHS)6

School‐age children
6–17 years old, male
and female

1 study11,18,42 2 studies11,18,40,42

• Used both 24 R and FFQ
• Mean energy intake range 5151 kJ day–1 (6‐year‐old
girls) to 8715 kJ day–1 (16–17‐year‐old boys)

• Intakes increase with age for vitamin A, iron,
calcium, vitamin C and zinc

• Protein fairly consistent across age groups
• Boys intakes higher than girls, especially protein
and energy

• Intake from 24 R significantly higher than intake
from 58‐item FFQ for energy and 4 nutrients

• Both used 24 R, 1 also used FFQ
• MoH & FIDR study18 reported mean daily intake
(g); Yasuoka et al.40 % consumption per food group

• Highest consumption of staples/grains (650 g, 98%),
flesh/meat/fish (116 g, 98%), fruit and vegetables
(241 g, 72%–81%)

• High intakes of confectionary (29 g day–1), sugars
(14 g day–1) and beverages (89 g day–1)

• Proportion of daily consumption of junk food
(22%) and softdrink (12%); 54% children consume
no milk

Women of
reproductive age

2 studies32,33,37 4 studies31,36,37,41

• Both studies used 24 R, 137 also used WFR, BFF
• Similar mean nutrient intakes, except carbohydrate
• Mean energy ranged from 6268 to 8268 kJ day–1

• Verbowski et al.32 Verbowski,33 collected some
V&M supps intake at end of study only

• All used 24 R, 2 WFR and 2 collected BFF
• Consistent results; high intake of cereals (369 g), fish
(145 g) and vegetables (151 g)

• Moderate intake of eggs, fruit, beverages
• Low intake of dairy, white roots, organ meats,
legumes/nuts

• Condiments and fats were prevalent

Adults 1 study39 (women only) 1 study9 (36% men and 64% women)

• Used 24 R
• Considerably lower medians for vitamin A (249 µg
RE) and iron (1.72mg) than means reported by
Bunthang et al.37 and Verbowski et al.,32

Verbowski 33

• Used both 24 R and FFQ
• Reported 100% participants consume rice daily
(average 823 g day–1), over 90% consume vegetables,
meat, fish, sugar and condiments.

• Intakes generally higher for men except fruit,
confectionary, condiments

• Higher intakes of most food items, except beverages
in wet season

Abbreviations: 24 R, 24‐hour recall; FFQ, food frequency questionnaire; FG, food group; FR, food record; N, nutrient; WFR, weighed food record; BFF, breastfeeding
frequency; vit A, vitamin A; V&M supps, vitamin and mineral supplements.
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participants from programmes. Table 1 (column 5)
reports various techniques for reducing systematic errors
for each study, including pre‐testing assessment tools
(n= 8),6,11,18,29–34,37,41,42 calculating sample size
(n= 7),6,11,18,31–33,35,36,41,42 and quality control checks
during data collection and data entry (n= 8).6,29–34,36,37,41

Only Horiuchi et al.11 reported adjusting for over‐and
under‐reporting. Seasonal differences were accounted for
by duration of data collection over both wet (May to
October) and dry (November to April) seasons, evident
in five studies.6,9,11,34,35

FCDs

Seven studies7,11,18,32–34,37–39,42 described using a FCD for
calculation of nutrient intakes, whereas eight stud-
ies6,9,29–31,35,36,40,41 that reported food group consumption
patterns did not analyse nutrient intakes and hence did not
use FCD. Nine different FCDs were used to calculate
nutrient intakes from dietary intake data collected. The
ASEAN FCD47 (1746‐item, 17 food groups, energy and
20 nutrients) was used in six studies,7,11,18,32–34,37,39,42 and
three studies11,18,34,39,42 also used the 90‐item SMILING
FCD (14 food groups, 19 nutrients, raw ingredients/foods)
developed for Cambodia.48 Additionally, tailored FCDs
were specially developed for three studies7,11,18,32,33,42 draw-
ing items from ASEAN FCD, SMILING FCD, Thai FCD,
Vietnam FCD, Canada FCD andUnited States Department
of Agriculture (USDA) FCD.

Quality assessment

Critical appraisal of study quality was conducted using
the EURRECA tool26 and scores ranged from 2.0 to 5.5
(mean= 3.8, maximum=7). Four publications achieved the
highest quality score of ‘very good’,34,35,41,42 nine were
‘good’,6,9,11,18,29–33 five rated as ‘reasonable’7,36–38,40 and one
was classified as ‘poor’.39 All but one publication (n=16)
received a score for sample size over 100, and all scored for
interviewer‐assisted data collection. Less than half the
publications accounted for seasonality in their data collec-
tion.6,9,11,18,34,35 Scores for statistics reflected standard tests
for significance, whereas higher scoring publications (>4.5)
reported additional statistical analyses. Five publications
that measured supplement intake used prompts to assess
usage for supplements containing iron, zinc or vitamin
A.6,7,32–34

DISCUSSION

Despite three decades focused on improving the health
and nutritional status of Khmer people to address
poverty‐driven malnutrition, only 19 papers (15 studies)
have been published on individual‐level dietary

assessment data from dietary intake studies in Cambo-
dia. To our knowledge, this review is the first to
synthesise published food and nutrient data and char-
acterise dietary assessment methods used in studies that
measured the ‘whole diet’ of Khmer people living in
Cambodia. With strong public health policy and non‐
government organisations focusing on maternal and
child nutrition in Cambodia,2 it was not surprising that
all but one of the included studies were specific to infants,
children and women. The dietary assessment methods
used to collect dietary intake data were appropriate, but
it was not possible to consolidate data because of
heterogeneity in outcome measures. Reported food and
nutrient intakes of Khmer WRA and children were
generally low, although assessing dietary adequacy was
not an aim of this review.

Nutrient and food group intake in Cambodia

The low intakes of energy, protein, vitamin A, iron, zinc
and calcium reported for both WRA and children across
included studies were consistent with findings from
studies in other LMICs.49,50 Although the nutrient intake
data were reasonable within and between studies,
synthesis of nutrient data was limited by the heterogene-
ity in nutrients reported, study characteristics, dietary
assessment and statistical analysis methods in the small
pool of included studies. Although some nutrient intake
variability within and between individuals is expected,51

some variability could be partly attributable to differ-
ences in data collection method, FCD, seasonality, local
food supply and preparation methods.52 Seasonality as a
quality variable reflects the importance of capturing
micronutrient differences that vary across seasons, and
considering the distinct wet and dry seasons and
inadequate nutrient intakes, this is particularly vital for
Cambodia. Differences in specific nutrients may also be
partly attributable to each study's aims; for example,
studies assessing vitamin A intake would specifically
measure vitamin A‐rich vegetables and fruits groups
using the tailored 24‐VASQ tool.46

Intakes of protein foods, cereals and grains were high
and quite consistent between studies, reflecting Cambo-
dia's staple rice, soup and fish diet; however, intakes
reported for vegetables, snack foods, foods containing
sugar, condiments and beverages were inconsistent.
Different classifications of foods into food groups,
numbers of ‘groups’ of foods reported and differing
outcomes measuring dietary diversity or specific food
item intakes limited comparison of results between
studies. Seasonal differences in food intake were reported
by In et al.,9 with higher intakes of rice, starchy roots and
vegetables in the wet season, and a higher consumption
of all beverages in dry season highlighting the impor-
tance of accounting for seasonality in dietary assessment
studies. Standardised data collection and reporting of
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food groups and nutrients between studies conducted in
Cambodia would result in a more robust dietary intake
data and facilitate examination of the relationships
between diet and health or disease in a range of
population groups.

Dietary assessment methodology, methods and
study quality

The prominence of the 24‐h recall dietary assessment
method reflects its versatility for use in different contexts.
The standardised data collection approach but open
response options are not country‐specific, whereas list
methods such as a FFQ require considerable adaptation
to match country‐specific dietary patterns and contexts.23

Additionally, interviewer‐administered 24‐h recalls are
not literacy‐dependent and are less burdensome for the
respondent,51,53 despite being more time‐consuming and
resource intensive.23 It is likely that the use of single‐day
24‐h recalls contributed to variability of reported dietary
intake in included studies, with at least 3 days of dietary
intake and a four‐ or five‐stage multiple‐pass process
recommended for robust data.54,55 To further enhance
accuracy, multiple‐pass methods need modifying to be
country‐specific, with probes and prompts tailored to the
local food culture. Overall, methodological details for
24‐h recall and FFQ methods were lacking, which limited
data generalisability of study findings.

Portion size estimation tools aim to reduce poten-
tially large measurement errors of quantifying food
portions by participants52,56; however, appropriateness
and validity of aids also need to be considered for dietary
assessment study objectives and participant type.57 With
all studies except one39 using portion estimation tools
that quantified nutrient intake, and the majority using a
combination of aids, it would appear the process of
estimating portions was appropriate. Individual‐level
portion estimation is complicated by communal eating,
with specific methods to collect dietary intake from
shared plates needed for valid intake estimation.20 It is
common in Cambodian households for meals to involve
multiple people portioning or eating food from one or
two central dishes (personal communication). Although
shared plate eating was not explicitly reported, studies
estimated the proportion consumed from mixed dishes
recipes or weighed an estimated portion retrospectively
during 24 R.7,9,32,33,37 Simple but effective methods for
collecting individual‐level intake of mixed dishes from
shared plates would increase the accuracy of dietary
intake estimation in LMIC.20 Other approaches for
improving participant recall particularly for LMICs
include pre‐recall day group training on portion size
estimation using picture charts, household items and
salted replica food models.52,56

Dietary assessment is prone to systematic errors,
including risk of selection bias, observation and recall

biases. Strategies reported in included studies to reduce
systematic errors included randomisation methods to
reduce selection bias, statistical sampling, varying data
collection days, using different interviewers for repeat
recalls to mitigate recall bias32,33 and excluding days of
non‐normal intake to reduce risk of analytic errors.11,39

Using dietary assessment tools validated for use in the
LMIC context is another way to reduce systematic errors
in dietary intake data collection.23 The interactive
validated tool for assessing iron and zinc intake used in
three included studies was reported as validated for use
in developing nations,45 although it has not been
validated for the Cambodian setting. Although tools
such as 24‐VASQ46 and CDHS6 had been pre‐tested and
adjusted to the Cambodian context, none have been
systematically tested and validated against another ‘gold
standard’ method.58

Dietary intake data in all included studies were
collected by trained local Khmer interviewers. This is
likely to have enhanced data quality as personal inter-
views are reported to increase acceptability to the
interviewee and the accuracy and quality of data
collected,26 especially when conducted by locals with
their intrinsic understanding of cultural food and eating
patterns.51 Although the Food and Agriculture Organi-
zation (FAO) recommends that nutritionists and dieti-
tians are preferred field workers in dietary assessment
studies,51 there is limited formal training of nutrition
specialists in Cambodia. Until a reputable nutrition‐
based education programme is established in Cambodia,
training suitably skilled Khmer workers to use study‐
specific tools and administer interviews is more feasible
and appropriate than training foreign dietitians to speak
Khmer and recognise Cambodia foods, recipes and
cooking methods. In this review, quality control mea-
sures such as observation, checking data entry and pilot
testing were used to increase accuracy and reduce
systematic errors were reported in most studies.

The International Network of Food Data Systems
(INFOODS)59 was established in 1984 to address the
need for improved quality and availability of reliable
food composition data, but limited investment in FCD in
LMICs continues to be a major gap in dietary assessment
research.23 A comprehensive Cambodian‐specific FCD
was not reported in any studies included in this review,
introducing substantial risk of systematic analysis errors.
Nutrient data for dietary intake analyses were reported
as being sourced from FCDs of other countries, not only
primarily South‐East Asian, but also Western and
European countries. The FCD most accessed was
ASEAN, a 1746‐item database of foods from five
neighbouring Asian countries developed in collaboration
with INFOODS.47 ASEAN contains very few mixed
dishes and no Cambodian‐specific foods, and the absence
of Khmer translations limits application to Cambodian
studies. The versatility of the 90‐item Khmer‐specific
SMILING FCD is limited because it only contains
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individual raw ingredients, not cooked foods or mixed
dishes.48 Studies in this review either used ASEAN only
or both of these FCDs but also sourced items from Thai,
Vietnamese and USDA FCDs.

This review highlights that the risks of systematic
errors in dietary assessment are exacerbated in LMICs,
but can be mitigated by adapting evidence‐based
approaches that suit the cultural context. This was
reinforced by the overall ‘good’ study quality rating of
included studies, with sample size and interviewer‐
assisted data collection being well reported. Improve-
ments include accounting for seasonality in data collec-
tion, reporting of statistical analysis and reporting of
supplementation. The high weighting of supplements in
EURRECA reflects their considerable impact on micro-
nutrient intake and EURRECA's micronutrient
focus.26,60 The only vitamin or mineral supplement
intakes reported in dietary assessment studies in this
review were iron,34 vitamin A and zinc supplements for
children,6 as well as iron supplements for mothers.6,31

Supplement intake was likely to be collected in studies
that used the multiple‐pass method,7,32,33,39 but nutrient
intakes from supplements were not clearly reported. The
quality of reporting and accuracy of micronutrient intake
in dietary assessment could be improved if supplement
intakes were routinely queried within assessment meth-
ods and incorporated, using prompts or probes such as
the multiple pass 24 R method.54,55

Limitations

The complexity of accurately assessing and analysing
dietary intake at an individual level in Cambodia
contributes to some of the limitations reported in this
review. It is also likely that the dietary assessment
methods and methodologies used in studies may have
been rigorous but were not fully or explicitly reported in
articles. Additional limitations are attributable to broad-
er societal and socio‐demographic Khmer traits. For
example, Khmer people may misreport dietary intake if
they feel shame about eating certain foods or perceive
that their reported food intake will influence taxation or
provision of food supplies. Customs such as fasting, food
taboos, farming duties and seasonal differences impact
data collection planning and process. Local food habits
such as foraging, use of medicinal and home‐grown
Cambodian foods and unique cultural recipes impact on
selection of appropriate items from FCDs. These
limitations need to be considered and accounted for,
where possible, in dietary assessment research in
Cambodia and other LMICs.58

There are no tailored tools for measuring quality of
dietary assessment studies conducted in LMICs, despite
quality being identified as problematic.24 The EURRE-
CA study quality assessment tool chosen for this review
was selected from five possible tools scrutinised for

suitability. Tools were excluded if they were designed for
interventions only61, were for FFQs only62, were report-
ing on guidelines or were not recommended for apprais-
ing quality.25,63 Although the three‐step EURRECA tool
was designed for validation studies, it was determined
that step one, consisting of scoring five variables, could
be applied to non‐validation dietary assessment studies
as an indication of quality. The lack of suitable quality
assessment tools for dietary assessment studies highlights
an opportunity to develop one through expanding
EURRECA to add variables such as tool pretesting,
reference to a recognised FCD, study duration, quality
control measures and intake outcomes reported. This
comprehensive description of the methodology would
allow for study reproducibility and consolidation of
data. A draft checklist in the Supporting information
(Table S5) collates variables from these tools as a
suggested resource, requiring thorough testing and
validating in order to recommend it as a reliable tool.

Implications for future research

The current review has identified priority areas for
further research and development to facilitate improved
nutrition surveillance, policy planning and promotion in
Cambodia. With assistance from international dietary
assessment research groups, these recommendations
include:

1. Develop a best practice protocol for conducting
dietary assessment studies that is appropriate for the
Cambodian context with the first step being to review
current guidelines for conducting dietary assessment
studies from reputable sources,45,51,53,55,58,64 then
making adjustments for the specific cultural context
in Cambodia. A companion checklist for assessing
quality of future studies could also be developed.

2. Establish a core minimum data set for reporting
dietary intake, including data that are accessible to the
wider Asian and international community. Referring
to STROBE‐nut guidelines would improve standards
of reporting,25 and FAO/WHO's Global Individual
Food Consumption Tool (GIFT) would address data
access.65

3. Establish a Cambodian‐specific FCD or expand the
existing ASEAN FCD to include commonly con-
sumed food items from different Asian countries or
cuisine types, particularly mixed dishes and fortified
condiments and sauces.

4. Train and support a workforce of local nutritionists
or nutrition researchers to conduct dietary assessment
studies and analyse data at an international standard,
at the same time as advocating at a national level for
maximum policy impact.

5. Use the resources from points (1) to (4) to establish a
national nutrition surveillance programme for all
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Cambodian population groups (infants, children,
adolescents, pregnant women, men and women adults
and older‐aged adults). This could be incorporated
into the 5‐yearly CDHS, along with a substudy for
validation of tools of specific population groups or
key problem nutrients.

6. Generate opportunities for global agency partners to
support (funds and expertise) these high‐cost strategic
initiatives, collaboratively guiding and building capac-
ity with Cambodian professionals.

CONCLUSIONS

Population dietary and nutrient intakes in Cambodia
remain suboptimal despite considerable and intentional
efforts, particularly towards improving micronutrient
intake and preventing malnutrition. This review has
identified that global agencies with international dietary
assessment expertise need to align or partner with
government policy and honour country‐specific cultural
contexts to facilitate collection and analysis of dietary
intake data in LMICs such as Cambodia. Individual‐
level dietary assessment could be strengthened by
standardised reporting, use of consistent nutrient and
food group measures, developing a Cambodia‐specific
FCD, having a competent trained nutrition research
workforce, and productive global support and funding.
Accurate, specific dietary intake data would inform
future nutrition interventions, policy and nutrition
surveillance in Cambodia as a key strategy to target
improvement in population level nutrition‐related health
and wellbeing.
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Abstract
Background: The present study aimed to examine motivations for food choice
among long‐term weight loss maintainers (WLM) in a widely used commercial
weight management program.
Methods: A cross‐sectional study was employed where determinants of food choice
were measured in the USA using validated scales: Food Choice Questionnaire,
Consideration of Future Consequences, and Eating in the Absence of Hunger.
Participants were 3806 WLM following a commercial weight management pro-
gram (WW International, Inc.) who had maintained a weight loss ≥ 9.1 kg (mean
24.7 kg) for 3.3 years and had a body mass index (BMI) of 27.6 kg m2. A control
group of weight stable individuals with obesity (controls; n=519) had a BMI of
38.9 kg m2 and a weight change < 2.3 kg over the previous 5 years.
Results:WLM vs. controls made food decisions more based on health (18.9 vs.
16.3; ηp

2 = 0.052) and weight control (9.9 vs. 7.5; ηp
2 = 0.16) and less based on

price (8.4 vs. 9.1; ηp
2 = 0.10). WLM also scored higher than controls with

respect to considering future consequences of behaviours (44.3 vs. 38.4;
ηp

2 = 0.060) and reported less external eating in the absence of hunger (7.1 vs.
7.5; ηp

2 = 0.058). Standard canonical coefficients indicated that making food
choices based on weight (0.717) with less value placed on price (−0.33) and
greater consideration of future consequences (0.262) contributed in-
dependently and most (overall r= 0.593; p= 0.0001) to discriminating WLM
from controls.
Conclusions: In a widely used commercial weight management program, suc-
cessful WLM reported food decisions based more on weight and less on price
and considered future consequences of current behaviours.

KEYWORDS

dietary patterns, future orientation, motivations, weight loss maintenance

Key points
• Long‐term weight loss maintainers consume a diet that is low in calories and
micronutrient rich, although the diverse factors that govern these food
choices remain unclear.

• The present study examined diverse factors associated with food choice
among weight loss maintainers in a widely used commercial weight man-
agement program (WW International, Inc.) compared to weight stable in-
dividuals with obesity (“controls”).
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• Weight loss maintainers more than controls made food decisions based on
health and weight control and less based on price. Both groups scored
similarly in the role of convenience, mood, sensory appeal, natural content,
familiarity and ethical concerns.

• Weight loss maintainers were overall more likely to consider future
consequences.

• In a widely used commercial weight management program (WW Interna-
tional, Inc.), successful weight loss maintainers reported food decisions
based more on weight and health and less on price. They also considered
future consequences of current behaviours.

INTRODUCTION

Long‐term weight loss maintainers (WLM) consume a
low‐energy dense diet that is micronutrient rich.1 Suc-
cessful WLM also report high dietary consistency,
tending to eat the same foods during the week as on
weekends and during the holidays vs. non‐holiday times.2

Moreover, high levels of cognitive restraint, defined as
conscious control overeating, have been extensively re-
ported among WLM.3 Although the content, con-
sistency, and ability to restrict eating have been studied
among WLM, other behavioural and attitudinal factors
that may influence food choice have received less
attention.

Prior research in general populations has shown that
beliefs about food, health, weight, food familiarity and per-
ceived sensory properties, current mood, ethical concerns,
and food price may shape food choices.4–7 Moreover, an
ability to focus on the future8 and resist eating in response to
tempting food cues9–11 have been identified as promising
strategies for weight management. However, research to date
generally has been limited by a restricted range of measures,
lack of measurement of weight status, and a narrow range of
populations, such as consumers,7 employees,9 undergraduate
students8 or convenience6 samples. No known research has
comprehensively surveyed the factors that relate to the food
choices among people with varying weight statuses, includ-
ing among long‐term WLM. The scientific report for the
2020 Dietary Guidelines Advisory Committee12 recognised
the need for more research to better understand not only on
what people choose to eat, but also the social, economic, and
environmental factors that shape dietary patterns. A com-
prehensive understanding of the diverse factors that may
influence eating decisions is critical for informing the devel-
opment of effective interventions that aim to modify un-
healthy dietary patterns and promote long‐term successful
weight control.

The present study aimed to examine the factors that
distinguish food choices among long‐term WLM in a widely
used a commercial weight management program (WW In-
ternational, Inc.) compared to weight stable individuals with
obesity. The study hypothesised that WLM would report
food choices that were more motivated by health and
weight‐related factors and less motivated by responses to

palatable food cues than weight stable individuals with
obesity. WLM were also hypothesised to score higher on
future orientation then weight stable individuals with
obesity.

METHODS

Design

The WW Success Registry (WWSR) is an observational
study of individuals who have lost weight in the WW
International, Inc. program and were successful at long‐
term (≥1 year) maintenance of substantial (≥9.1 kg)
weight loss.1,13,14 In this cross‐sectional study, long‐term
WLM following the weight management program (WW)
are compared with weight stable individuals with obesity
(“controls”) to distinguish the factors associated with
successful maintenance of weight loss.

Participants and eligibility

Procedures were approved by the Institutional Review
Board, and all participants provided informed consent
electronically via Research Electronic Data Capture
(REDCap).

Weight loss maintainers

Prospective WLM were recruited through an email sent
by WW to members who had reported a loss of ≥9.1 kg
>1 year ago when following WW. Interested individuals
were referred to the study website hosted by the uni-
versity for online screening, consent, and enrollment.
Eligibility was based on self‐reported weight, height,
weight change, and duration of weight loss. To be eligible
for enrollment, individuals were aged ≥ 18 years and had
maintained a >9.1 kg loss from WW entry for ≥1 year.
The criterion 9.1 kg was selected to approximate a
clinically significant 10% weight loss,15 assuming a
starting weight of 90 kg among people entering WW and
other weight loss programs.16 Use of an absolute weight
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loss value was also intended to simplify messaging for
recruitment and eligibility screening and has been used
successfully in the National Weight Control Registry.17

Weight stable individuals with obesity

Weight stable individuals with obesity were recruited
through local and national advertising channels, including
Facebook, ResearchMatch.org, Amazon, Mechanical Turk,
and via the Academic Center for Health Research registry.
Interested individuals were referred to the study website
hosted by the university for online screening, consent, and
enrollment. Eligibility was based on self‐report and included
age ≥ 18 years, with a body mass index (BMI) > 30 kg m–2

and reported weight stability (within 2.3 kg) for at ≥ 5 years
prior to enrollment.18 Control participants were not cur-
rently enrolled in WW. Control participants were provided
1 month of the WW online program (WW Digital) free of
charge after completion of the survey.

Measures

All measures were administered online via REDCap
immediately after consent. All participants were asked
standard demographic information (age, education level,
income, marital status) and details about weight history
(age of onset of overweight, maximum lifetime weight),
as well as current weight and height. The validity of self‐
reported weight history has been established previously.3

Also, self‐reported weights have been shown to correlate
strongly with measured weights.19

The Food Choice Questionnaire (FCQ)20 was used to
measure diverse factors that influence food decisions, in-
cluding subscales for health, mood, convenience, sensory
appeal, natural content, price, weight control, familiarity,
and ethical concern. Participants were asked to rate the
importance of diverse determinants of food choice by re-
sponding to the prompt, “It is important to me that the food
I eat on a typical day…”. Examples of items were “is low in
calories” (weight control), “is cheap” (price), “is packaged in
an environmentally friendly way” (ethical concern), and
“cheers me up” (mood). Scores were on a scale where 1= not
at all important and 4= very important. Scores on subscales
are added and ranked to indicate relative importance of
factors in shaping food choices.20 The FCQ has been shown
to have acceptable reliability (>0.70) and the internal con-
sistency coefficients on its subscales range from 0.72 to
0.86.20

The 12‐item Consideration of Future Consequences
Scale (CFC)20,21 was used to measure the extent to which
people consider potential distant outcomes of their current
behaviours (e.g., “I am willing to sacrifice my immediate
happiness or well‐being in order to achieve future out-
comes.”). Each statement is rated on a scale from 1 (“ex-
tremely uncharacteristic”) to 5 (“extremely characteristic”).

The scale scores range from 12 to 60, and a high CFC score
indicates greater importance being placed on the future
consequences of a behaviour, whereas a lower CFC score
indicates greater importance being placed on the more im-
mediate consequences of behaviour. Cronbach's α values for
the CFC range from 0.80 to 0.86.22,23 Eating in the Absence
of Hunger (EAH) was measured using the EAH‐C24 scale.
This scale is composed of 14‐items that assess three dimen-
sions related to stimuli that generate beginning or continuing
to eat food in the absence of hunger. “Continuing EAH” is
defined as continuing to eat immediately after being satiated
at mealtime, and “beginning EAH” is defined as beginning
to eat when not hungry several hours after being satiated.24

Within these, the scale includes three motivators of eating in
the absence of hunger: Negative affect (feeling sad or de-
pressed, angry or frustrated, anxious or nervous); external
eating (e.g., food looks, tastes or smells good and/or being in
the presence of others who are eating); and fatigue/boredom.
EAH‐C was originally developed and validated for children
and adolescents24 but modified for college students and
found to have high internal consistency across subscales
(0.83–0.92).25 In a subset of participants (n=1162 [30.5%]
WLM and 139 [26.8%] controls), the Diet History Ques-
tionnaire (DHQ‐II) from the National Institutes of Health
was used to measure self‐reported calorie and macronutrient
intake.26 The DHQ‐II was included as an exploratory and
optional measure in the WWSR.1

Statistical analysis

Independent t‐tests and a chi‐squared analyses were used to
compare socio‐demographic characteristics of WLM vs.
controls and completers vs. non‐completers. Subsequent
general linear models compared WLM and controls on
scores of the FCQ measure (i.e., health, convenience, mood,
sensory appeal, weight control, price, natural content, fa-
miliarity, and ethical concern), the CFC, and the EAH
(beginning and continuing domains for external eating, ne-
gative affect, fatigue/boredom) and adjusted for a priori
covariates of age, race (white vs. non‐white), employment
(employed vs. not), education (≥college education vs.
< college), income (<$25,000, $25,000–75,000, > 75,000/
year), maximum lifetime weight, sex assigned at birth (male
vs. female), and marital status (married vs. not).

Discriminant function analysis was used to determine the
variables that most discriminated WLM from controls
among the set of variables (subscale scores only) that were
found to differ between the two groups in the initial general
linear model analyses. The resulting standardised canonical
coefficients represent the measure of association between the
discriminant function (based on the linear combination of
variables) and each predictor variable and indicate the re-
lative importance each variable in distinguishing the two
groups (similar to a beta weight in a multiple regression).
Within each group (i.e., WLM and controls), BMI and
dietary intake (in a subset) were examined in relation to the
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FCQ, CFC, and EAH questionnaire scores, adjusting for the
same covariates. To guard against type 1 error due to mul-
tiple analyses, statistical significance was set to p<0.01 and
small effect sizes (ηp

2 < 0.03) were considered as not sig-
nificant. SPSS, version 25.0.0 (IBM Corp.) was used for all
of the analyses.

RESULTS

Participants

Of the 8047 WLM and controls, 4325 completed the FCQ,
which was situated in the second half of a lengthy ques-
tionnaire. Comparing participants who completed
(n= 4325) vs. those who did not complete (n= 3722) the
questionnaire, completers were older (53.6 [12.9] vs. 51.4
[12.8] years; p= 0.0001), more likely to be white (93.8% vs.
68.4%; p= 0.0001), less likely to be Hispanic (3.6% vs.
5.9%; p= 0.0001), and less likely to be employed (65.2% vs.
73.4%; p= 0.0001). Also, a greater proportion of controls
than WLM completed the questionnaire (61.6% vs. 52.9%;
p= 0.0001). Among participants, WLM and controls dif-
fered on several demographic factors (Table 1). Weight loss
maintainers were more likely than controls to be older (54.5
vs. 46.7 years; p= 0.0001), female (91.8% vs. 78.6%;
p= 0.0001), white (95.1% vs. 83.6%; p= 0.0001), married
(74.7% vs. 51.1%; p= 0.0001), with an annual family in-
come exceeding $75,000 (65.4% vs. 29.1%; p= 0.0001), and
with at least a college education (89.5% vs. 84.6%;
p= 0.002). Subsequent analyses statistically adjusted for
these variables.

Motivators of food choices

In both groups, the top three factors rated as most im-
portant in food choices were health, convenience, and
mood, and the lowest ranking factors were ethical con-
cern, familiarity, and natural content (Table 2). Although
health was the strongest reported motivation for food
choice in both groups, WLM scored significantly higher
than controls in the extent to which health influenced their
food decisions (18.9 vs. 16.3; ηp

2 = 0.052; p= 0.0001)
(Table 2). WLM also scored significantly higher than
controls in reports of making food choices based on be-
liefs that the food aided in weight control (9.9 vs. 7.3;
ηp

2 = 0.159; p= 0.0001). WLM reported lower scores than
controls in making food decisions based on price (8.4 vs.
9.1; ηp

2 = 0.10; p= 0.0001). Both groups scored similarly
on the extent to which convenience, mood, sensory ap-
peal, natural content, familiarity, and ethical concerns
shaped food choices. Examining future orientation, WLM
reported greater consideration of future consequences
(44.3 [95% confidence interval = 44.0–44.5] vs. 38.4
[37.8–39.1]; ηp

2 = 0.060; p= 0.0001). Also, WLM reported
less eating in the absence of hunger during a meal in

response to external cues (7.1 [7.0–7.2] vs. 7.5 [7.2–7.7];
ηp

2 = 0.058; p= 0.0001). WLM relative to controls re-
ported consuming a smaller proportion of daily calories
from fat (0.32 [0.32–0.33] vs. 0.38 [0.36–0.39]; ηp

2 = 0.05;
p= 0.001) and a higher proportion of daily calories from
protein (0.18 [0.18–0.19] vs. 0.16 [0.16–0.17]; ηp

2 = 0.03;
p= 0.0001) (Table 2). No meaningful differences were
observed in scores for eating in the absence of hunger at
the initiation of a meal or in response to negative affect or
fatigue/boredom (Table 2).

Multiple discriminant analysis

Multiple discriminant analysis was conducted to determine
the factors that most strongly discriminated WLM from
controls. Standardised canonical coefficients indicated that
making food choices based on beliefs that the food aided in
weight control (0.717) and less based on price (−0.330) and
greater consideration of future consequences (0.262) con-
tributed independently and most (overall r=0.593;
p=0.0001) to discriminating the two groups (Table 3).

Relationships with BMI and dietary intake

Weight loss maintainers

Among WLM, higher scores on the weight subscale of
the FCQ were related to greater weight loss from life-
time maximum weight (b = 0.02 [0.01–0.02]; p = 0.0001],
lower current BMI (b = −0.03 [−0.04 to −0.02];
p = 0.0001]), lower daily percentage of calories from fat
(b = −4.01 [−5.5 to −2.7); p = 0.0001], and higher daily
percentage of calories from carbohydrate (b = 2.6
[1.4–3.7]; p = 0.0001). Similarly, higher scores on health
subscale of the FCQ were related to greater weight loss
from lifetime maximum weight (b = 0.03 [0.02–0.04];
p = 0.0001), lower current BMI (b = −0.06 [−0.08
to −0.03]; p = 0.0001], and higher daily percentage of
calories from protein (b = 9.7 [4.3–15.3]; p = 0.001].
Higher scores on eating in the absence of hunger at the
initiation of a meal were related to less weight loss from
lifetime maximum weight (b = −0.09 [−0.12 to −0.06];
p = 0.0001], higher current BMI (b = 0.22 [0.15–0.30];
p = 0.0001], and greater daily calorie intake (b = −0.002
[0.001–0.0040; p = 0.0001]. Similar results were observed
for eating in absence of hunger during a meal, which
was related to less weight loss from lifetime maximum
weight (b = −0.09 [−0.12 to −0.07]; p = 0.0001]), higher
current BMI (b = 0.22, [0.15–0.29]; p = 0.0001], and
greater daily calorie intake (b = 0.002 [0.001–0.003];
p = 0.003]. Higher scores on consideration of future
consequences were related to more weight loss from
lifetime maximum weight (b = 0.07 [0.05–0.09);
p = 0.0001] and lower current BMI (b = −0.18 [−0.24
to −0.13]; p = 0.0001] but not dietary variables.
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Controls

Among weight stable individuals with obesity, higher scores
on the weight subscale of the FCQ (b=−0.07 [−0.11 to
−0.03]; p=0.001]) and on health subscale of the FCQ
(b=−0.13 [−0.20 to −0.05]; p=0.002] were related to lower
current BMI. Also, higher scores on eating in the absence of
hunger at the initiation of a meal were related to lower
current BMI (0–0.25 [−0.04 to −0.06]; p=0.008]. Scores on
eating in absence of hunger during a meal and consideration

of future consequences scales were not significantly (p<0.01)
related to BMI or dietary intake variables.

DISCUSSION

The present study is the first to comprehensively ex-
amine factors related to food choice among long‐term
WLM in a widely used commercial weight loss pro-
gram. Compared with weight stable individuals with

TABLE 1 Characteristics of weight loss maintainers following a commercial weight management program (WW International, Inc.) vs. weight
stable individuals with obesity (controls)

WLM Controls
p valuen= 3806a SD n = 519a SD

Age (years), mean 54.5 12.6 46.7 13.1 0.0001

Female (%) 91.8 78.6 0.0001

Currently in WW (%) 90.3 0 0.0001

Lifetime maximum weight, mean (kg) 105.8 23.0 121.4 27.9 0.0001

Weight at start of WW (kg), mean 101.7 21.3 Not applicable Not applicable

Current weight (kg), mean 76.5 16.5 111.1 23.2 0.0001

Weight loss since WW start (kg), mean 25.2 12.7 Not applicable Not applicable

Duration 9.1 kg loss from WW start weight
(years), mean

3.2 3.2 Not applicable Not applicable

Weight lost from maximum weight (kg),
mean

29.3 15.4 10.3 14.3 0.0001

Current BMI (kg m–2), mean 27.6 5.4 39.6 7.8 0.0001

BMI categories 0.0001

Obese (%) 22.3 100%

Overweight (%) 44.3 0

Normal weight (%) 33.4 0

Underweight (%) 0.0 0

Income (total in family per year) 0.0001

<$25,000 (%) 4.5 21.7

$25,000–75,000 (%) 30.1 49.2

≥$75,000 (%) 65.4 29.1

Race/ethnicity 0.0001

White (%) 95.1 83.6

Black (%) 2.3 11.9 0.0001

Hispanic (%) 3.3 6.0 0.003

Employed (%) 63.8 75.2 0.0001

College education or more (%) 89.5 84.6 0.002

Married (%) 74.7 51.1 0.0001

Abbreviation: WLM, weight loss maintainers.
aSome participants did not answer some of the socio‐demographic questions. This reduced the total sample sizes/denominators as follows: Income (WLM, n= 3392;
controls, n= 509), employment (WLM, n = 3684; controls, n= 509); education (WLM, n= 3769; controls, n= 514), and, marital status (WLM, n= 3660; controls, n= 507).
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obesity, WLM reported food decisions that were
based more on beliefs that the food aided in weight
control and based less on price. Moreover, WLM vs.
weight stable individuals with obesity scored higher

on future orientation, suggesting greater considera-
tion of future consequences of their current beha-
viour. Future intervention research should determine
the efficacy of strategies that make weight control

TABLE 2 Food choice motivations in weight loss maintainers and weight stable individuals with obesity (controls)

WLM Controls
n= 3327a n = 507a

Mean 95% CI Mean 95% CI Group effectb

Food choice questionnaire

Health 18.9 18.8, 19.0 16.3 16.0, 16.6 ηp
2 = 0.052; p= 0.0001**

Ranking 1 1

Convenience 15.2 15.1, 15.3 15.4 15.1, 15.7 ηp
2 = 0.001; p= 0.127

Ranking 2 2

Mood 13.4 13.2, 13.5 14.0 13.6, 14.4 ηp
2 = 0.002; p= 0.002

Ranking 3 3

Sensory appeal 12.2 12.1, 12.3 12.0 11.8, 12.3 ηp
2 = 0.0001; p = 0.204

Ranking 4 4

Weight control 9.9 9.8, 9.9 7.3 7.1, 7.5 ηp
2 = 0.159; p= 0.0001**

Ranking 5 6

Price 8.4 8.3, 8.5 9.1 8.9, 9.3 ηp
2 = 0.10; p = 0.0001**

Ranking 6 5

Natural content 8.2 8.1, 8.2 7.3 7.0, 7.5 ηp
2 = 0.013; p= 0.0001

Ranking 7 7

Familiarity 6.8 6.7, 6.8 7.1 6.9, 7.2 ηp
2 = 0.003; p= 0.002

Ranking 8 8

Ethical concern 5.8 5.7, 5.9 5.9 5.7, 6.1 ηp
2 = 0.0001; p = 0.350

Ranking 9 9

Consideration of Future consequences,
Total score (possible range from 12 to 60)

44.3 44.0, 44.5 38.4 37.8, 39.1 ηp
2 = 0.060; p= 0.0001**

Eating in absence of hunger 32.4 32.1, 32.7 32.8 31.8, 33.6 ηp
2 = 0.0001; p = 0.523

Beginning to eat while not hungry

External eating (20 maximum) 7.5 7.4, 7.5 7.8 7.5, 8.0 ηp
2 = 0.002; p= 0.018

Negative affect (15 maximum) 10.9 10.8, 11.0 11.3 11.0, 11.6 ηp
2 = 0.001; p= 0.026

Fatigue/boredom (10 maximum) 3.8 3.7, 3.8 3.8 3.6, 3.9 ηp
2 = 0.0001 p = 0.906

Continuing to eat after satiated 33.8 33.5, 34.1 33.9 33.1, 34.8 ηp
2 = 0.0001; p = 0.750

External eating (15 maximum) 7.1 7.0, 7.2 7.4 7.2, 7.7 ηp
2 = 0.058; p= 0.001**

Negative affect (15 maximum) 8.3 8.2, 8.4 8.4 8.2, 8.7 ηp
2 = 0.0001; p = 0.388

Fatigue/boredom (15 maximum) 6.1 6.0, 6.2 5.9 5.7, 6.2 ηp
2 = 0.0001; p = 0.296

Dietary intakec

Daily calorie intake 1499 1467, 1531 1618 1524, 1711 ηp
2 = 0.005; p= 0.02

Calories from fat (%) 0.32 0.32, 0.33 0.38 0.36, 0.39 ηp
2 = 0.05; p = 0.001**

(Continues)
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goals more salient and cultivate future orientation
during food decision‐making processes.

Interestingly, WLM scored higher than weight stable
individuals with obesity with respect to considering future
consequences of current behaviours; also, higher scores on
the consideration of future consequences scale were related
to greater weight loss and lower BMI. The ability to delay
gratification and think about future consequences has been
prospectively linked with lower weight status,27 and emer-
gent research has found that future orientation may help
individuals avoid eating in response to external cues and
reduce impulsive eating.28,29 Interventions that provoke vi-
vidly imagining the future or “episodic future thinking”30

have been shown to reduce snacking28 and ad libitum energy
intake in the laboratory setting among individuals with
obesity.29 It is possible that an ability to engage in pro-
spective thinking may be cultivated and used as an effective
strategy for successful weight loss maintenance, although
future clinical trial research is needed to address this
hypothesis.

Making food choices based on beliefs that the food aided
in weight control was a discriminating factor between WLM
and weight stable individuals with obesity. Also, higher
scores on making food decisions based on weight were re-
lated to lower BMI in both groups and to a greater initial
weight loss and also a lower fat intake among WLM. The
weight subscale of the FCQ is made up of ratings of im-
portance of three items in determining food choices: “Is low
in calories”; “helps me control my weight”; and “is low in
fat.” That WLM in WW scored higher than weight stable
individuals with obesity on this subscale is consistent with
the WW program goals, which include promoting healthy
weight management and consumption of nutrient‐dense
foods. The WW points algorithm nudges towards foods that
are lower in calories, sugar, and saturated fat; its zero point
foods, including fruits and vegetable, can be eaten ad libi-
tum.31–34 Other studies have also found the weight subscale
of the FCQ to be significantly correlated with dietary re-
straint20 and consuming a diet with less red meat.35 Future
interventions should explore ways to elicit thoughts about
the importance of weight control goals during the food
decision‐making process and determine impacts on food
intake and weight management. Future research is also
needed to examine whether higher FCQ‐weight subscale
scores are a defining characteristics among WLM in other
contexts outside of WW.

Weight loss maintainers also made food choices less
based on price compared to weight stable individuals
with obesity. The WLM in the present study could have
reported that cost was less influential of food choices
because their income was, on average, higher than con-
trols. However, statistical adjustments and stratified
analyses within each income category (data not shown)
suggested otherwise. In prior research of 83 low‐income
individuals with overweight/obesity vs. normal weight,
those with overweight/obesity more commonly described
being influenced by price when purchasing food com-
pared to individuals with normal weight.36 Other re-
searchers have suggested that weight management
approaches emphasising the high costs of foods such as

TABLE 2 (Continued)

WLM Controls
n= 3327a n= 507a

Mean 95% CI Mean 95% CI Group effectb

Calories from carbohydrate (%) 0.50 0.50, 0.51 0.46 0.44, 0.48 ηp
2 = 0.02; p = 0.0001

Calories from protein (%) 0.18 0.18, 0.19 0.16 0.16, 0.17 ηp
2 = 0.03; p = 0.0001**

Abbreviations: CI, confidence interval; WLM, weight loss maintainers; ηp
2, partial eta square.

aSome participants did not answer questions for income (WLM: n=414; controls, n=10), employment (WLM: n= 122; controls, n=10), education (WLM: n=37; controls, n=5),
and marital status (WLM: n=146; controls, n=12). Because these covariates were included in analyses, the total analytic sample for each group was reduced to n=3327 for WLM
and n=507 for controls.
bGroup effect based on general linear model adjusting for age, race, employment, education, income, maximum lifetime weight, biological sex, and marital status. Means
are adjusted for these variables.
cDietary intake was only measured in a subset. Sample sizes after excluding people with missing covariates were n=1007 for WLM and n=132 for controls.

**To guard against type 1 error due to multiple analyses, statistical significance was set to p< 0.01 and significance furthermore only interpreted for group differences that
resulted in ηp

2 values ≥ 0.03.

TABLE 3 Multiple discriminant analysis to determine factors that
most strongly discriminate weight loss maintainers from weight stable
individuals with obesity

Variables entered into the model
Canonical discriminant
function coefficientsa

Consideration of future consequences 0.26

Food Choice Questionnaire – Health −0.001

Food Choice Questionnaire – Weight 0.71

Food Choice Questionnaire – Price −0.33

Eating in the absence of
hunger – Continuing to eat in
response to external cues

0.02

Overall canonical correlation 0.593; p = 0.0001*

aAdjusted for sex, income, age, race, education, lifetime maximum weight, marital
status, and employment.

*p< 0.01.
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fruits and vegetables may compound already existing
barriers to consuming these foods and instead encourage
the intake of less costly, energy‐dense items.37 Future
prospective research is needed to understand the role of
current income, food prices, and weight management
priorities in shaping food decisions.

Eating in the absence of hunger has been related to
weight gain38 and to overeating.39 In the present study,
WLM reported less eating in the absence of hunger in re-
sponse to external cues during a meal; also, less eating in the
absence of hunger was related to a lower BMI. Research
from the German Weight Control Registry40 reported that
WLM (vs. weight re‐gainers) reported less propensity for
eating in response to external cues. Nevertheless, in the
present study, eating in the absence of hunger did not emerge
as one of the strongest discriminator of WLM vs. weight
stable individuals with obesity. Both WLM and weight
stable individuals with obesity reported moderate levels of
eating in the absence of hunger and scored similarly in eating
in the absence of hunger as a result of negative affect, fati-
gue, and boredom.

The present study is the first to examine diverse
factors related to food choices among WLM in a widely
available commercial weight management program. The
study included a comparison group of weight stable
individuals with obesity and used validated measures.
The study also has limitations. As a cross‐sectional
comparison, causality cannot be inferred. The study's
measures were based on self‐report and assumed that
people were aware of the factors that shaped food
choices. FCQ subscales were related with food intake
was only measured in approximately 30% of partici-
pants, and these results should be interpreted with
caution. There were several other, unmeasured factors,
including the obesogenic environment, social factors,
and biological factors that all contribute to food

choice.41,42 The study adjusted for sociod‐emographic
differences, and the results of the regression analyses
within both groups suggested sporadic relationships
between socio‐demographic variables and the subscales
of interest. Nevertheless, these and other unmeasured
socio‐demographic characteristics could account for the
observed differences between groups. Participants were
self‐selected and results may not be generalisable to
other populations.

CONCLUSIONS

Individuals in WW who were successful at long‐term
weight loss maintenance differed from weight stable in-
dividuals with obesity in that they made food decisions
more based on weight control goals and less based on
price. Also, WLM were more likely to consider future
consequences of their current behaviours. Future inter-
vention research is needed to determine the effects of
strategies that make weight management goals more
salient during food decision making processes and that
cultivate future orientation as a means to improve long‐
term weight loss maintenance (Figure 1).
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Abstract
Background: Unhealthy diets account for 20% of all deaths globally. Most
medical schools do not sufficiently teach their students the clinical application
of nutrition science. Evaluating the efficacy of nutrition education interven-
tions is therefore important for their widespread implementation.
Methods: A rapid review of the literature published between 2015 and 2020
was conducted to identify nutrition education interventions delivered to un-
dergraduate medical students. The modified Kirkpatrick hierarchy score was
used to evaluate the outcome measures. Study characteristics and outcomes
were charted and discussed using narrative synthesis. Included studies were
appraised using the MERSQI criteria.
Results: Fifteen nutrition education interventions met the inclusion criteria. Twelve
were from the USA and most were optional rather than compulsory. Interventions
involved a mixture of methods including cooking sessions, lectures, and student‐led
programs. The content covered was variable and the median duration was 11 h
(range 90min to 75 h). The modified Kirkpatrick scores varied and the median
MERSQI score was 12.8/18. No studies reported the use of national or standar-
dised guidance to inform the learning objectives of the interventions.
Conclusions: The interventions reviewed are heterogenous in their nature and
outcomes. This review highlights the advantages of utilising interprofessional
learning, focusing on student's personal health behaviours and harnessing
novel teaching methods such as hands‐on cooking. Using national guidance to
develop learning outcomes will help to standardise the content taught. Future
studies may aim to use validated assessment tools and investigate the
long‐term impacts on delivery of care and patient outcomes.

KEYWORDS

culinary medicine, diet, medical education, nutrition education

Key points
• Increased nutrition training in medical education is needed.
• A variety of teaching approaches were identified, including novel methods
such as culinary medicine and service learning.

• Future research is needed to further evaluate nutrition education interven-
tions, including patient health outcomes.

• Development and utilisation of national guidance is needed to standardise
content.
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INTRODUCTION

Globally, unhealthy diets contribute to more deaths than
any other risk factor and approximately 20% of all death
scan be attributed to a suboptimal diet.1 Nutrition
therefore plays a crucial role in the prevention and
treatment of non‐communicable diseases,2–4 which ac-
count for 89% and 88% of all deaths in the UK and USA,
respectively.5,6 In line with this, the UK's General Med-
ical Council states that graduates should be able to dis-
cuss the role and impact of nutrition on health.7 In the
USA, the Association of American Medical Colleges
endorsed a bill in the US congress in 2019 to enhance
nutrition education within medical school curricula, al-
though this bill was not endorsed into legislation.8,9

Nutrition is also of topical importance considering the
significant role that diet plays in the development
of many of the risk factors associated with severe
COVID‐19.10,11

Despite acknowledgement of the importance of nu-
trition, there is still a significant under‐representation of
nutrition education in medical school curricula,12 which
also appears to extend to postgraduate medical train-
ing.13 The most recent systematic review on this topic
found that, regardless of country, setting or year of
medical education, medical students report inadequate
knowledge, skills and confidence to support patients in
making sustainable dietary changes.14 Crowley et al.14

also found that, when initiatives are incorporated into
curricula, their impact is modest as a result of the het-
erogeneity of approaches and lack of robust tools for
evaluation, thus leading to recommendations to establish
competencies as a means of benchmarking nutrition
knowledge and skill. Identifying effective strategies to
teach medical students about nutrition is therefore es-
sential. Teaching methods recommended by a systematic
review evaluating nutrition education interventions in
health professionals included interprofessional learning
(IPL) and interventions that place an emphasis on lear-
ners' personal health behaviours.15

The present study aimed to evaluate nutrition edu-
cation interventions delivered to medical students

published between 2015 and 2020 to assess recent efforts
in this field subsequent to publication of the prior sys-
tematic review.15 Here, we define nutrition education as
any educational experience related to the role of nutri-
tion in health within the context of undergraduate
medical education.

METHODS

Search strategy

A rapid review of the literature was conducted using
Preferred Reporting Items for Systematic reviews and
Meta‐Analyses (PRISMA) guidelines. A search (by PP)
was conducted in Medline (via OvidSp), Scopus and
ERIC (via EBSCOhost) (22/10/20) for relevant papers
published from October 2015 to October 2020. This
timeframe was chosen as an extension of a systematic
review of nutrition education interventions conducted
5 years ago.15 The search terms used included (Medical
student* or Medical school* or Medical undergraduate*)
AND (Nutrition* education or Nutrition* intervention*
or Nutrition* curricul* or Nutrition* training). The
search terms used for each database are detailed in the
Supporting information (Table S1). A forwards‐citation
search of the aforementioned systematic review was
conducted15 and a backwards‐citation search was con-
ducted on a recent systematic review of nutrition in
medical education.14

Study selection

The aim of the selection process was to identify any
English‐language empirical studies that quantitatively
evaluated nutrition education interventions delivered
to medical students. The inclusion and exclusion
criteria used to determine eligibility are shown in
Table 1. All citations were managed using EndNote
Online (https://endnote.com). Duplicates were re-
moved by hand.

TABLE 1 Inclusion/exclusion criteria

Inclusion Exclusion

Empirical study presenting quantitative data Not published in English

Published within the past 5 years (October
2015–2020)

Unable to isolate the outcomes of medical students from cohort

Intervention delivered to undergraduate medical
students

Unable to isolate the outcomes of nutrition education intervention from a general
lifestyle medicine intervention

Delivers non‐generalisable nutrition education of specific patient groups

Unable to view full text

Assessment alone was not considered as a nutrition education intervention
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Data extraction

Key information was extracted (by PP) from the included
studies, identifying study design, intervention methods
and modified Kirkpatrick's hierarchy score.16 Evaluating
the effectiveness of nutrition education interventions is
key in recognising their impact and shaping the devel-
opment of future interventions. The Kirkpatrick model is
a recognised method for ‘classifying the effectiveness of
an intervention according to different educational out-
comes’.16 The data extraction and descriptive statistics
used were adapted from the previous systematic review
on nutrition education interventions.15

Quality appraisal

The Medical Education Research Study Quality Instru-
ment (MERSQI) was used to appraise the included

studies.17 There was no MERSQI score cut‐off for in-
clusion within the review. The total score was calculated
as a percentage of points adjusting for non‐applicable
responses, giving a maximum score of 18.

RESULTS

In total, 178 papers were identified through the initial
database search and 17 from citation chasing
(Figure 1). After removing 69 duplicates, the remaining
126 papers were screened for eligibility based on the
inclusion and exclusion criteria (Table 1) by assessing
the title and/or abstract. Of these, 101 papers did not
meet the inclusion criteria and were excluded. The full
text of the remaining 25 papers was reviewed (by PP),
of which 10 did not meet the inclusion criteria and were
removed. The remaining 15 papers are evaluated in this
review. A summary of the intervention descriptions,

FIGURE 1 Preferred Reporting Items for Systematic reviews and Meta‐Analyses diagram
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reported findings and MERSQI scores of the included
papers is provided in Table 2.

Most (n= 12) of the studies were conducted in the
USA, with the remaining from the UK,20 the Nether-
lands22 and Portugal.26 Four of the interventions were
required,21,24,26,28 whereas the rest were elective (op-
tional). Five of these interventions were described as pilot
studies.18,20,29,31,32 The median number of participants
was 51, ranging from 1520 to 3248.25 Interventions either
allowed students of all year groups to participate22,25,32

or were specific to year19,20,24,27,28,31 and clinical
groups.18,21,23,26,29,30 The median duration of all the in-
terventions was 11 h, ranging from 90min19 to 75 h.26

However, three studies did not report the length of the
student‐led component of the course.29–31

Content areas and teaching methods

Nine of the interventions addressed specific patient popu-
lations. For example, Coppoolse et al.22 implemented a
10‐week elective course involving 25 experts hosting lec-
tures covering a different topic related to nutrition and
disease over 25 h. Lectures included ‘nutrition and dia-
betes’, ‘nutrition and cancer’ and ‘nutrition and cardio-
vascular disease’. Nine interventions included basic
nutrition science; for example, Mota et al.26 delivered a
nutrition and metabolism required curricula unit for first
year students. Contents included metabolic pathways,
micro‐ and macronutrients, and regulation of food intake.
Culinary medicine was utilised in seven stu-
dies.23–25,27,29,31,32 Dietary counselling was covered in six of
the identified interventions.19–21,24,28,29 Most of the studies
incorporated a combination of content areas. For example,
Jacob et al.24 delivered a single day culinary laboratory
where students had to identify certain micro‐ and macro-
nutrients that would benefit a patient case study and
consider the metabolic pathways and food sources for
these nutrients before cooking a tailored recipe. No studies
reported the use of national or standardised guidance to
inform the learning objectives of the interventions.

A range of teaching methods were used. Five studies
incorporated a student‐led component where medical
students taught each other,18 school children18,25,26 or
families30 about nutrition. One study used a student‐led
evidence‐based nutrition lecture series involving a total
of five peer taught lectures.18 A survey found that 93%
(n= 14) of students agreed with the statement: ‘I like the
peer teaching aspect of this lecture series and think it is
an effective way to learn’. Ronecker et al.30 developed a
didactic curriculum with a 6‐8‐week student‐led family
coaching program. This involved a 7‐h coaching and
nutrition training course followed by weekly meetings
with at‐risk children and their families. Similarly, Ring
et al.29 involved both a teaching and service component,
where medical students taught school children about
healthy eating after a nutrition training course involving

a combination of didactics and culinary medicine. Stu-
dents reported increased confidence in nutrition and
obesity counselling after the course (p< 0.001).

Four interventions were explicit in harnessing IPL as
part of the teaching methods.19,21,24,27 One study devel-
oped an interprofessional nutrition workshop that was
jointly facilitated by registered dietitians who ‘provided
experience and critical content’ for the session.21 Ad-
ditionally, student dietitians participated in the planning
and facilitation of the experiential culinary laboratory of
Jacob et al.24 The results of a questionnaire used to
evaluate medical student's attitudes towards the culinary
laboratory found that the participants rated the knowl-
edge of the student dietitians highly and above their own
(p< 0.001).24 Other teaching methods used include
cooking sessions,23–25,27,29,31,32 lectures18–20,22,27,29,30,32

and case‐based discussions.24,26–28,31

Instructors varied and with some involving a combi-
nation of professions, including dietitians,19–22,24,26,27,30,31

physicians,20,21,27,31,32 chefs,27,29,32 and psychologists.20,22

Pang et al.27 delivered a 6‐week hands‐on culinary and
nutrition course, with each session delivered jointly by a
physician, dietitian and chef. The multidisciplinary
approach allowed the course to cover content including
disease pathophysiology, dietary management and meal
preparation on a limited budget as a result of the wide
range of faculty expertise.

Evaluation design and learning outcomes

Two studies used a single group post‐test only de-
sign.18,24 The remaining studies used a single group pre‐
and post‐test design, with three of these also including a
non‐randomised control group.21,22,25 Learning out-
comes were measured using the Best Evidence in Medical
Education (BEME) adapted Kirkpatrick's hierarchy.16

Learning outcomes achieved include changes in beha-
viour (Level 3),21,23,25,26 knowledge (Level 2b),20,22,27,30

attitudes (Level 2a)28,29,31,32 and satisfaction (Level
1).22,24 No studies reported an impact on delivery of care
(level 4a) or patient outcomes (Level 4b).

Four studies demonstrated significant improvements
in the learner's self‐reported health behaviours,23,25,26,29

three of which involved a culinary medicine component.
For example, Monlezun et al.25 evaluated a multisite
cohort trial on hands‐on cooking and nutrition educa-
tion of 3248 medical students from over 45 institutions in
the USA. This study found significantly higher self‐
reported adherence to a Mediterranean diet in the cu-
linary medicine program cohort compared with the tra-
ditional curricula cohort (odds ratio = 1.40, 95%
confidence interval = 1.07–1.84, p= 0.015). Additionally,
Mota et al.26 found improved self‐reported health be-
haviours, including avoidance of foods high in fat and/or
sugar (p< 0.001), after a classroom‐based nutrition and
metabolism compulsory curricula unit. One study
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assessed for behaviour change by comparing the stu-
dent's Objective Structured Clinical Exam (OSCE) scores
with a historical control group.21

Study quality

The median MERSQI score was12.6/18, ranging from
8.418 to 15.21 All studies used surveys sent to the parti-
cipants as one way to evaluate the intervention. Four
studies either used a previously validated survey25,26 or
took steps to validate their own.21,22 The validity of in-
strument domain of the MERSQI was excluded for most
studies because the data collected were not considered
applicable except for one study, which included an ob-
jective skills assessment.21 The study with the highest
MERSQI score was one of two included studies invol-
ving students from multiple institutions and used OSCE
scores to evaluate the impact of the intervention.21 As a
result, all participant data were available for analysis and
student behaviour was assessed using objective, rather
than self‐assessed, measures. This study involved a single
classroom‐based interprofessional nutrition workshop
integrated within the pre‐clinical curricula. Features of
studies achieving low quality rating scores included
evaluation methods that were self‐assessed, achieved
learning outcomes regarding student satisfaction and
attitudes only, and had a low or unreported response
rate. Item‐specific scores are detailed in the Supporting
information (Table S2).

DISCUSSION

The present study aimed to evaluate nutrition education
interventions delivered to medical students published
between 2015 and 2020 and assess recent efforts in this
field subsequent to publication of the prior systematic
review on the topic.15 To the best of the author's
knowledge, this is the only review of undergraduate
medical nutrition education interventions and their out-
comes published15 within this timeframe.

Similar to the previous review, the majority of studies
were conducted in the USA and the remainder in Eur-
opean countries, which may mean that the interventions
reviewed are not culturally applicable to other countries.
The under‐representation of other nations in the peer‐
review literature may limit the development of culturally
diverse interventions and result in less appropriate ap-
proaches to nutrition education. Therefore, the recent
literature base would benefit from wider global
representation.

The majority of the interventions in this review were
elective (optional), despite the growing consensus that
nutrition education for medical students should be re-
quired in undergraduate training.14 The study by Mota
et al.26 was the only one in this review to integrate and

evaluate a required curricula unit, consisting of 75 h of
nutrition education for first year medical students.26

Medical students participating in optional interventions
may represent either a more motivated or more nu-
tritionally aware cohort, which may over‐ or under-
estimate results. Despite the centrality of nutrition to
health,14 efforts to introduce compulsory nutrition edu-
cation may be hindered by an already crowded curricu-
lum. Strategies to navigate this include establishing
nutrition as an integrated theme throughout the curri-
culum and using the existing content to discuss the role
of nutrition in health.33 Using themes allows educators to
meaningfully link different disciplines for students to
appreciate the relevance of learning to their future
practice.34 However, this requires commitment from
curriculum designers to support their staff and organise
its delivery and evaluation.34 Progress has been made by
some UK medical schools including University College
London Medical School, which has included a culinary
medicine course within its core curriculum involving
culinary skills training, case‐based discussions and mo-
tivational interviewing role play.35

Most interventions included non‐medical profes-
sionals as instructors (n= 11); however, only four were
explicit in utilising IPL.19,21,24,27 The latest BEME report
on the effects of IPL found that it improves the effec-
tiveness of educational interventions.36 The benefits of
IPL include improved interprofessional attitudes and
perceptions and increased collaborative knowledge and
skills.36 In addition, the multidisciplinary nature of nu-
trition care and patient education is well suited to IPL.
This may address concerns that faculty are not equipped
to develop and deliver nutrition training when preparing
students for the reality of collaborative practice.37 This is
highlighted in one of the included studies where dietitians
were described as being crucial for the development and
facilitation of a nutrition workshop.21 There is also the
potential to incorporate IPL with nutrition competencies
to prepare students for practice in delivering high quality
care and advice.37 For an intervention to be considered
as IPL, there must be an active exchange between dif-
ferent professionals with the aim of improving care.36

This should be made explicit when designing and de-
scribing a multidisciplinary intervention, as highlighted
by the latest systematic review of nutrition education
interventions.15

Novel methods of teaching nutrition, including cu-
linary medicine and student‐led components, were ob-
served in this review. Interactive cooking sessions were
used in seven of the interventions, giving students a
‘hands‐on’ learning experience termed culinary medicine.
This differs from the previous review on nutrition edu-
cation interventions, with only two of the 32 included
studies involving a kitchen‐based element.15 Potential
reasons for this increased interest may include a greater
focus on prevention in policy38 and the shift towards
delivering engaging and applicable medical education.39
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Part of the rationale behind this method is the evidence
that doctors are more likely to counsel patients on life-
style modifications if they themselves practice healthy
habits.40 Three of these interventions demonstrated im-
proved student self‐reported health behaviours.23,25,29

For example, students participating in a multisite medi-
cal school‐based teaching kitchen intervention sig-
nificantly higher self‐reported high and medium
adherence to a Mediterranean diet compared with a
control cohort (odds ratio = 1.40, 95% confidence
interval = 1.07–1.84, p= 0.015).25 The wider benefits of
such schemes include the potential for medical students
to teach patient groups in similar settings. A randomised
controlled study demonstrated improved biometrics in
patients with type 2 diabetes after student and faculty‐led
cooking classes.41 Statistically significant changes include
improvements in diastolic blood pressure (−4 vs.
7 mmHg, p= 0.037) and total cholesterol (−14 vs.
17 mg dl–1, p= 0.044). Furthermore, a recent systematic
review concluded that culinary interventions delivered to
patients were associated with improved attitudes and a
healthier dietary intake.42 The increasing application of
culinary medicine is highlighted by the recent formation
of organisations such as Culinary Medicine43 in the UK
and the Teaching Kitchen Collaborative44 in the USA.

Some interventions required the students themselves
to teach peers,18 schoolchildren20,29,31 or families30 about
nutrition. Learning‐by‐teaching is a recognised method
of learning supported by empirical evidence suggesting
that teaching promotes cognitive benefits.45 There are
also many established benefits of specifically peer‐
assisted learning46 and service‐learning47 that may extend
beyond the individual. The benefits of service‐learning in
the identified studies include improved mentorship
skills30 and increased confidence in nutrition and obesity
counselling.29

The heterogeneity between the identified interven-
tions, including the content and methods, is mirrored
from the previous review.15 This is important to ad-
dress so that future physicians are able to provide
consistent and high‐quality care to their patients.
As echoed by Crowley et al.,14 there is a need to
standardise and integrate nutrition education across
nations. Institutions such as the Association for
Nutrition UK48 and European Society for Clinical
Nutrition and Metabolism49 have developed guidance
outlining the requirements of undergraduate nutrition
training, although further action is needed to integrate
these standardised objectives within medical curricula.
Additionally, variations in the scope and detail of these
guidelines may ultimately impact the nutrition care
delivered within these regions.50 Therefore, a ‘joint
international strategic approach to nutrition in medi-
cal education’ has been suggested as a more consistent
solution.50

Strengths and limitations

The strengths of this review include its systematised
search and appraisal strategy. Although only English‐
language studies were included in this review, no stu-
dies were excluded on language alone after full‐text
review. A wider search of databases such as Me-
dEdPORTAL and a grey literature search may have
yielded further relevant studies. This study did not
undergo double screening.

CONCLUSIONS AND
RECOMMENDATIONS

This rapid review explores and summarises nutrition
education interventions delivered to medical students
published within the past 5 years. Heterogeneity in the
methods, content and outcomes of the identified inter-
ventions was identified. This review highlights the bene-
fits of teaching approaches including IPL and placing a
focus on the student's personal health behaviours. Novel
teaching methods such as culinary medicine and student‐
led initiatives may offer additional benefits, including to
the wider community. This review highlights the need for
institutions to publish and share their resources for wider
global representation in the literature. Additionally, the
use of validated surveys and objective assessments should
be considered to improve the quality of their findings.
Institutions may also consider a curricula‐wide approach
to integrating nutrition education using national gui-
dance to improve standardisation of learning objectives
and assessment. Future research may involve long-
itudinal studies to assess the long‐term impact of in-
tegrated nutrition education on delivery of care and its
impact on patients.
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