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Diet–gene interactions have become the focus of much research in recent years. However, little is known about UK dietitians’ involvement,

confidence and knowledge in genetics and diet–gene interactions. A validated postal questionnaire sent to a randomly selected sample of 600

dietitians in the UK resulted in 390 responses (65 %). Most dietitians had no involvement in eleven activities relating to genetics and

diet–gene interactions and lacked confidence in undertaking such activities. However, a significant positive association was found between

involvement and confidence for all activities tested (P,0·0001). A mean knowledge score of 41 % (SD 19) indicated generally low levels

of knowledge in genetics and diet–gene interactions. Knowledge scores were higher for those who reported discussing the genetic basis

of disease or discussing how diet–gene interactions affected risk (P,0·05). For the majority of activities, dietitians who reported higher

confidence had higher knowledge scores. Given the importance of interactions between genetics and nutrition in preventing and managing

disease, this study identifies a need to increase the involvement, confidence and knowledge in genetics and diet–gene interactions of dietitians

in the UK.

Genetics: Diet–gene interactions: Dietitian: Nutrigenetics: Nutrigenomics

Interactions between nutrients or food compounds and the
genome have become the focus of much research in recent
years. These diet–gene interactions include the impact of
nutrients or food compounds on gene expression (nutrige-
nomics) and the impact of genetic variations on the response
to nutrients or food compounds (nutrigenetics). For example,
low-fat diets reduce plasma cholesterol concentrations most
effectively in individuals carrying the apoE4 allele in the
apoE gene1. Similarly, low folate status increases plasma
homocysteine concentrations specifically in those with a
common single nucleotide polymorphism in the methylene-
tetrahydrofolate reductase gene C677:T2,3.

Advances in our understanding of diet–gene interactions
may eventually allow the transition from generic nutritional
recommendations into an individualised nutrition prescrip-
tion4. For this potential to be realised, those involved in
understanding and applying these advances, including dieti-
tians, nutritionists and doctors, must be equipped with relevant
knowledge and skills relating to genetics and diet–gene
interactions.

Historically, the genetic competencies of dietitians have
been limited to the nutritional management of relatively
rare single-gene disorders (e.g. inherited metabolic diseases,
cystic fibrosis)5. However, multi-factorial diseases (e.g. obes-
ity, diabetes, cancer), which are increasingly prevalent and
commonly involve nutritional prevention or management
from a dietitian, have aetiologies that involve multiple

genetic and environmental factors acting in concert6,7.
However, despite the requirement for dietitians to integrate
an understanding of genetics and diet–gene interactions
into their practice, studies in the USA have found this is
not the case8,9. For example, in the Human Genome Edu-
cation Model (HuGEM) survey of 362 dietitians, there was
widespread low involvement and confidence in a series of
genetics-related activities8, whilst a survey of 995 dietitians
indicated that the majority (60 %) had low confidence in
their ability to apply nutrigenomics to their clinical practice9.

Studies in the UK have found significant gaps in genetics
knowledge and skills within medicine10 and nursing11.
However, despite its importance in the delivery of effective
nutritional management, there are no studies investigating
the involvement, confidence and knowledge in genetics and
diet–gene interactions of dietitians in the UK. A national
postal survey was conducted for this purpose.

Materials and methods

Questionnaire

An anonymous national postal survey was conducted to
measure dietitians’ involvement, confidence and knowledge
in genetics and diet–gene interactions. The questionnaire
was composed of four sections to measure: (i) involvement
in eleven activities relating to genetics (seven questions) and
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diet–gene interactions (four questions), which were adapted
from the HuGEM survey8 and were rated using a dichotomous
response set; (ii) confidence in the same eleven activities,
which were rated using a 5-point Likert scale (1, very low
confidence; 5, very high confidence); (iii) knowledge using
twelve multiple choice questions relating to genetics (eight
questions) and diet–gene interactions (four questions); (iv)
clinical experience using categorical scales and dichotomous
response sets.

The content validity of the questionnaire was measured by
survey of the clinical and academic dietitians involved in a
national genetics workshop (n 4) and by a statistician with
expertise in questionnaire design. All content experts
agreed that the sections were ‘relevant’ or ‘very relevant’,
although minor modifications were made to the question-
naire layout and the framing of questions. Construct validity
of the knowledge section was demonstrated by comparison
of the knowledge score of a convenience sample of dieti-
tians (n 15) and doctorate level geneticists (n 9) (mean
knowledge score 58 % v. 87 % respectively, P¼0·004).
Intra-rater reliability was demonstrated by repeat completion
of the questionnaire by the dietitians (n 15) after a 1-week
interval, with agreement for all four sections ranging from
60–100 %.

Survey procedure

The questionnaire was sent to a total of 600 dietitians in order
to reflect the sampling frame from the HuGEM study in the
USA8. The list was generated at random from the membership
database of the British Dietetic Association and reflected 12 %
of the total membership. The inclusion criterion was dietitians
based in the UK and the exclusion criteria were non-practising
or retired dietitians. Approval to undertake the study was
granted by both King’s College London Research Ethics Com-
mittee and the NHS Eastern Multi-Centre Research Ethics
Committee.

Coded questionnaires were mailed to the sampling frame.
In order to mitigate non-responder bias and increase response
rate, the anonymous questionnaire was short (two double-
sided pages), printed on pink paper, sent with a personalised
cover letter on university headed paper and with a stamped
addressed envelope enclosed12. A second copy of the ques-
tionnaire and a revised cover letter was sent to non-responders
at 1 month.

Data analysis

All data analysis was conducted using SPSS for Windows
(version 13.0; SPSS Inc., Chicago, IL, USA). Frequency dis-
tributions were used to describe the level of involvement
and confidence in the different activities. Due to the low fre-
quencies of ‘very high confidence’, the scale was collapsed
from five to three categories of ‘low’, ‘moderate’ and ‘high’
confidence, in order that comparison between sample sub-
groups could be conducted using the x2 test. Mean knowledge
score (% of correct answers) on the twelve multiple choice
questions was compared between sample sub-groups using
independent samples t tests or one-way ANOVA, as appropri-
ate. All tests were two-tailed and considered significant
where P#0·05.

Results

Sample

A total of 404 questionnaires were returned (actual response
rate 67 %); however, fourteen of these were excluded as
they were returned blank, resulting in the inclusion of 390
questionnaires in the final analysis (valid response rate
65 %). The majority of dietitians responded to the first mailing
(n 324, 83 %).

The respondents worked in a variety of settings (not
mutually exclusive) including general or teaching hospitals
(n 229, 59 %), community or public health (n 162, 42 %),
self-employed (n 23, 6 %), industry (n 10, 3 %), academia
(n 7, 2 %) or other (n 9, 2 %).

Of those respondents who were involved in direct patient
management (n 337, 89 %), the most common patient groups
they had worked with in the past year (not mutually exclusive)
were diabetes (n 161, 48 %), obesity (n 140, 41 %), medical
(n 123, 36 %), cardiovascular (n 97, 29 %) and gastroenterol-
ogy (n 83, 25 %). A total of 67 (20 %) respondents worked
in paediatrics.

Involvement and confidence

The majority of dietitians reported no involvement in each of
the eleven activities relating to genetics and diet–gene inter-
actions in the past year (Table 1).

There was variation between the involvement in genetics
activities and involvement in the diet–gene activities. For
example, involvement in genetics activities ranged from
0·3 % (e.g. ‘referring a patient for genetic counselling’) to
36 % (‘discussing with patients the genetic basis of a dis-
ease’), whereas involvement in diet–gene activities ranged
from 22 % (‘discussing with patients how diet may interact
with genes to influence the risk of disease’) to 49 % (‘dis-
cussing with patients a disease that has a dietary and genetic
component’).

The majority of dietitians reported ‘low’ confidence for
each activity, except for ‘discussing with patients a disease
that has a dietary and genetic component’ and ‘advising
patients where to access information relating to a disease
with a dietary and genetic component’ (Table 1).

As with involvement, there was variation between the
confidence in genetics activities and confidence in the
diet–gene activities (Table 1). For example, ‘high’ confi-
dence in genetics activities ranged from 3 % (‘providing
training or education to students/health professionals on
human genetics’) to 12 % (‘discussing with patients the
genetic basis of a disease’), whereas ‘high’ confidence in
diet–gene activities ranged from 11 % (‘providing training/
education to students/health professionals on diseases that
have a dietary and genetic component’) to 20 % (‘discussing
with patients a disease that has a dietary and genetic
component’).

Respondents who were involved in an activity were more
confident to undertake it than those who were not involved
in that activity (P,0·001). This was the case for all genetics
and diet–gene activities, except for those with such low fre-
quencies of involvement (n ,10) as to prevent comparative
x2 analysis.
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Knowledge

The number (%) of respondents correctly answering each of
the knowledge questions is provided in Table 2. In the gen-
etics knowledge section, the proportion of correct answers
ranged from 22 % correctly defining ‘PCR’ up to 91 % cor-
rectly defining ‘chromosome’. Half of dietitians responded
‘don’t know’ to the definition of ‘polymorphism’.

In the diet–gene knowledge section, there were low num-
bers of correct answers to each question, ranging from 10 %
correctly identifying the effect of the methylenetetrahydrofo-
late reductase 677C:T mutation up to 32 % correctly identify-
ing the potential impact of genetics on diet and disease
(Table 2). Throughout most of this section dietitians used
the ‘don’t know’ response.

The mean total knowledge score was 41 (SD 19) %. Interest-
ingly, the mean genetics knowledge score (51 (SD 22) %) was
higher than the diet–gene knowledge score (20 (SD 23) %,
P,0·001).

Involvement, confidence and knowledge

The total knowledge score was compared between dietitians
who were, and were not, involved in each genetic and
each diet–gene activity (Table 3). Total knowledge score

was higher for those who were involved in ‘discussing with
patients the genetic basis of disease’ (44 (SD 19) % v. 40
(SD 19) %, P¼0·046), ‘providing training or education to stu-
dents/health professionals on human genetics’ (61 (SD 13) %
v. 41 (SD 19) %, P¼0·006) and ‘discussing with patients
how diet may interact with genes to influence risk of disease’
(46 (SD 20) % v. 40 (SD 19) %, P¼0·014) than those who were
not involved in these activities.

For four of the genetics activities and three of the diet–gene
activities, dietitians who reported higher confidence had higher
total knowledge scores (Table 3).

Discussion

A national questionnaire survey was undertaken to measure
the involvement, confidence and knowledge in genetics and
diet–gene interactions of dietitians in the UK. Although
there was considerable variation amongst respondents, invol-
vement and confidence in undertaking genetics activities and
diet–gene activities was predominantly low. In addition, the
knowledge score was generally poor with dietitians answering,
on average, only 41 % of questions correctly.

The valid response rate (65 %) compares favourably with
the HuGEM survey of health professionals’ involvement and
confidence in genetics (dietitians’ response rate 62 %)8 and a

Table 1. Involvement and confidence of dietitians in activities relating to genetics and diet–gene interactions*

Involvement Confidence

Total
Involved

Total
Low Moderate High

Activity type Activity responses n % responses n % n % n %

Genetics Discussing with patients the genetic
basis of a disease

386 137 36 368 204 55 120 33 44 12

Taking genetic information as part
of a family or disease history

387 104 27 361 205 57 113 31 43 12

Providing guidance to patients with
genetic disorders about impact it
may have on future development

388 49 13 354 291 82 52 15 11 3

Providing counselling to patients
regarding genetic disorders

387 20 5 351 311 88 27 8 13 4

Providing training or education to
students/health professionals on
human genetics

384 7 2 343 310 90 24 7 9 3

Referring a patient for genetic coun-
selling

387 1 0·3 347 267 77 61 18 19 5

Obtaining written informed consent
to release genetic information to
a third party

387 1 0·3 346 296 86 36 10 14 4

Diet–gene
interactions

Discussing with patients a disease
that has a dietary and genetic
component

385 187 49 371 145 39 151 41 75 20

Advising patients where to access
information relating to a disease
with dietary and genetic com-
ponent

382 127 33 360 167 47 123 34 70 19

Providing training/education to stu-
dents/health professionals on dis-
eases that have a dietary and
genetic component

381 90 24 353 225 64 89 25 39 11

Discussing with patients how diet
may interact with genes to influ-
ence risk of disease

383 85 22 351 226 64 86 25 39 11

*For details of subjects and procedures, see Materials and methods.
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recent survey of dietitians’ application of nutrigenomics in the
USA (response rate 40 %)9.

Involvement and confidence

The low involvement of dietitians in genetics activities
is perhaps not surprising and is concordant with previous
studies8. However, dietitians also reported less than compre-
hensive involvement in four examples of activities relating to
diet–gene interactions, including just over half of the respon-
dents (51 %) reporting no involvement in ‘discussing with
patients a disease that has a dietary and genetic component’.
This is particularly surprising given that many respondents
specialised in diabetes, obesity and CVD, all polygenic
conditions with both a dietary and genetic component. This
perhaps suggests that not all dietitians are aware of the
proximity of issues relating to diet–gene interactions to
their daily practice.

Owing to the intentional use of some similar genetics activi-
ties, it is possible to tentatively compare the results for invol-
vement between dietitians in the current study and those from
the earlier HuGEM study from the USA8. Dietitians in the
USA reported greater involvement in genetics activities than
those in the UK (e.g. ‘discussing with patients the genetic
basis of disease’ – UK 36 %, USA 67 %). This may reflect
real differences in practice, although there were minor
differences in inclusion criteria. Comparison of confidence
in genetics between the current study and the US study is
impeded by summation into a mean confidence score in the
HuGEM study8. Nevertheless, both datasets highlight a
broad lack of confidence in undertaking genetics activities.

The low levels of involvement and confidence in genetics
activities may be explained by several factors. Although
genetics competencies have been recommended for some
time for all health professionals in the USA13, a competency
framework outlining requisite knowledge, skills and attitudes
in genetics has yet to be developed for dietitians in the UK.
Change is anticipated as the UK genetics education strategy
is implemented amongst health professionals.

It is unsurprising that dietitians’ involvement and confi-
dence appeared greater in undertaking diet–gene activities
than purely genetics activities. The low involvement, confi-
dence and knowledge in genetics and diet–gene interactions
is going to present a considerable challenge to dietitians
and others involved in educating them (e.g. nutritionists,
molecular biologists) as and when such competencies are
introduced.

Knowledge

The validated multiple choice questions used here are unique
to the present study, preventing direct comparison of the
results with previous studies. However, other studies have
indicated poor knowledge amongst UK non-genetics medical
trainees10, Dutch non-genetics specialist doctors14 and medical
students15.

Whilst a total score enables an overall estimate of knowl-
edge, such a score is limited in that it cannot represent the
totality of knowledge relating to genetics and diet–gene inter-
actions relevant to the majority of, or individual specialities
of, dietitians. However, knowledge relating to genetics was
shown to be higher than that for diet–gene interactions.
This may be due to genetics being a requirement of pre-
registration dietetics curricula16, whilst our understanding of
diet–gene interactions is still in its infancy17 and is not yet
a requirement of current curricula. Furthermore, the majority
of dietitians chose the ‘don’t know’ option in the diet–gene
interactions section, indicating that for many dietitians basic
terminology and concepts relating to diet–gene interactions
are not well understood.

Knowledge scores were higher, albeit marginally, for dieti-
tians reporting involvement in only three activities. This
suggests other factors, as well as involvement in an activity,
are responsible for improved knowledge. The all-round low
knowledge scores indicate that all dietitians might benefit
from further pre- and post-registration education in genetics
and diet–gene interactions.

Low levels of involvement, confidence and knowledge in
genetics and diet–gene interactions among dietitians may
pose a very real problem as these professionals are involved
in interpreting and translating nutritional science to individ-
uals. This is particularly important as rather than nutritional
genomics being a specialty discipline in which only a minority
of dietitians will be involved, it is a fundamental aspect in
which virtually all dietitians will need involvement, confi-
dence and knowledge. Although the evidence from nutrige-
nomics and nutrigenetics to support individual tailored
nutritional advice is in its infancy4, it is necessary that those
involved in interpreting and translating this evidence, includ-
ing dietitians, are prepared for the opportunities it may offer.

Postal questionnaire surveys are inherently open to limi-
tations. Any response bias, were it to exist, may mean that
the involvement, confidence and knowledge demonstrated
here may indeed be an underestimate or an overestimate.
Ethical and time constraints did not permit follow-up of
non-responders and coverage analysis was not possible due
to technical constraints of the membership database used.
Further research of dietitians’ perceived influences and
barriers to their involvement, confidence and knowledge in
genetics and diet–gene interactions is warranted.

Table 2. Dietitians’ knowledge of genetics and diet–gene interactions
(n 389)*

Answering
correctly

Question type Multiple choice questions n %

Genetics ‘Gene’ 152 39
‘Chromosome’ 355 91
‘Allele’ 133 34
‘Genotype’ 273 70
‘Phenotype’ 216 56
‘Polymorphism’ 102 26
‘Mutation’ 278 72
‘PCR’ 87 22

Diet–gene interactions ‘Nutrigenetics’ 83 21
Genetics, diet and disease 125 32
Dietary fat and CVD 65 17
MTHFR 677C ! T 39 10

MTHFR, methylenetetrahydrofolate reductase.
* For details of subjects and procedures, see Materials and methods.
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Table 3. Dietitians’ knowledge score compared to involvement and confidence in activities relating to genetics and diet–gene interactions†

(Values are means and standard deviations)

Knowledge score (%) Knowledge score (%)

Involved Not involved
P value

Low
confidence

Moderate
confidence

High
confidence

P value
Activity type Activity Mean SD Mean SD (t test) Mean SD Mean SD Mean SD (ANOVA)

Genetics Discussing with patients the genetic
basis of a disease

44 19 40 19 0·046 39 19 41 18 50 21 0·002

Taking genetic information as part
of a family or disease history

43 19 40 19 0·183 38 19 45 19 45 22 0·005

Providing guidance to patients with
genetic disorders about impact it
may have on future development

43 20 41 19 0·357 41 19 42 21 52 24 0·181

Providing counselling to patients
regarding genetic disorders

39 20 41 19 0·675 41 19 41 20 49 25 0·365

Providing training or education to
students/health professionals on
human genetics

61 13 41 19 0·006 40 19 54 19 62 21 ,0·001

Referring a patient for genetic coun-
selling

* 41 19 * 41 20 45 19 37 21 0·227

Obtaining written informed consent
to release genetic information to
a third party

* 41 19 * 41 19 43 21 57 22 0·006

Diet–gene
interactions

Discussing with patients a disease
that has a dietary and genetic
component

42 18 40 20 0·286 38 19 42 19 46 20 0·007

Advising patients where to access
information relating to a disease
with dietary and genetic com-
ponent

42 18 41 20 0·489 39 20 42 19 45 19 0·075

Providing training/education to stu-
dents/health professionals on dis-
eases with dietary/genetic
component

44 19 40 19 0·067 39 19 45 20 50 18 ,0·001

Discussing with patients how diet
may interact with genes to influ-
ence risk of disease

46 20 40 19 0·014 38 18 46 21 51 21 ,0·001

*As there was only one, the means and standard deviations cannot be calculated and therefore a t test cannot be conducted.
†For details of subjects and procedures, see Materials and methods.
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Conclusion

Dietitians have low involvement, confidence and knowledge in
genetics and diet–gene interactions. For the potential of
advances in diet–gene interactions to be realised, dietitians
must become a genetics-literate profession. The present study
has identified a knowledge and skills gap that must be filled if
this goal is to be achieved.
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