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Abstract

The prevalence of obesity continues to rise, and public health dietary recom-
mendations are not being adhered to. The transition to higher education is a 
period of risk for weight gain in young adults and has been demonstrated as 
a good time to initiate behaviour change. A genotype- based personalised ap-
proach to dietary recommendations may motivate young adults to maintain or 
adopt positive dietary behaviours. The aim of the present study was to deter-
mine the efficacy of genotype- based personalised dietary and physical activity 
advice on healthy eating motivation in young adults. Participants were young 
adults (n = 153), aged 18–25 years. Baseline measures (participant characteris-
tics, height, weight, body mass index [BMI], body fat percentage [BF%], healthy 
eating motivation and physical activity) were collected. Participants were geno-
typed for a SNP in the FTO gene (rs99396090) and randomly allocated (stratified 
for genotype) to three different groups (1. Genotype- based personalised advice: 
dietary and physical activity advice based on genotype, BMI and reported physi-
cal activity; 2. Non- genotype- based personalised advice: dietary and physical 
activity advice based on BMI and reported physical activity; 3. Control: no ad-
vice). A week after receipt of advice delivered via email, participants completed 
the healthy eating motivation questionnaire for a second time. Genotype- based 
personalised dietary advice did not affect healthy eating motivation: when par-
ticipants were analysed across the whole group (p = 0.417), when analysed ac-
cording to those informed of a risk or non- risk- associated genotype (p = 0.287), 
or when analysed according to those with a BMI (>25 kg/m2; p = 0.336) or BF% 
(male >18%, female >31%; p = 0.387) outside the healthy range. There was also 
no significant difference in healthy eating motivation at 1- week in the control or 
non- genotype- based advice groups. Genotype- based personalised advice for 
the prevention of obesity did not affect healthy eating motivation in this group of 
healthy, young adults.
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INTRODUCTION

The prevalence of obesity has risen sharply since the 
1990s due to environmental factors such as reduced 
physical activity and increased availability of highly pal-
atable energy- dense foods (Speakman, 2007). However, 
overfeeding studies in twins suggest that there is a genetic 
component to the risk of obesity (Bouchard et al., 1990). 
It is likely that genetic and environmental risk factors in-
teract, resulting in an increased likelihood of individuals 
developing obesity based on their genetics if they have 
unfavourable lifestyle behaviours (van der Klaauw & 
Farooqi, 2015). A single- nucleotide polymorphism (SNP) 
in the first intron of the fat mass and obesity- associated 
(FTO) gene was the first common variant identified that 
could affect the risk of obesity in the general population, 
and FTO is consistently identified in genome- wide asso-
ciation studies (GWAS) to explain the largest proportion 
of inter- individual genetic variation in body mass index 
(BMI) (Yeo, 2014). There is strong evidence from large 
trials and meta- analyses that the risk associated with FTO 
rs9939609 can be moderated by modification of both sat-
urated fat intake (Corella et al., 2011; Phillips et al., 2012; 
Sonestedt et al., 2009) and physical activity (Celis- Morales 
et al., 2016; Kilpeläinen et al., 2011) to affect BMI.

Since 80%–90% of individuals who successfully lose 
weight return to their previous weight; prevention rather 
than treatment of obesity is a more favourable ap-
proach (Rosenbaum & Leibel, 2010). The prevalence 
of obesity increases with age; in England, 36% of adults 
aged 65–74 years are obese compared to 13% of those 
aged 16–24 years (Moody,  2020). Therefore, young 
adults are an important population to target to prevent 
this trend from continuing. The transition to higher ed-
ucation and subsequent years at university is a period 
of risk for weight gain (Deforche et al., 2015; Fedewa 
et  al.,  2014), and transition points, such as leaving 
school in young people, have been demonstrated as 
a good time to initiate behaviour change (NICE, 2007).

Dietary intake and physical activity have long been 
identified as modifiable risk factors that can reduce 
the risk of becoming obese, yet recommendations are 
not met and worldwide the prevalence of obesity con-
tinues to increase (Health Survey for England,  2017; 
Roberts et  al.,  2018; The GBD 2015 Obesity 
Collaborators,  2017). Current public health interven-
tions appear to raise population awareness but fail to 
translate into modification of behaviour (Croker et al., 
2012). Interventions designed to change health- related 
behaviours are more likely to be successful when theo-
retical links between the intervention and the behaviour 
have been considered in the design (Davis et al., 2015; 
Horne et al., 2017; NICE, 2007; Timlin et al., 2020).

One of the most frequently cited behaviour change 
theories incorporated in health- related interventions is the 
Theory of Planned Behaviour (TPB) (Ajzen, 1991; Davis 
et al., 2015). The theory states that motivation to perform 

a behaviour (intention) can be predicted from three inde-
pendent factors: (1) The extent to which an individual has 
a favourable appraisal of that behaviour (attitude towards 
the behaviour), (2) An individual's perceived social pres-
sure to perform or not perform the behaviour (subjective 
norm) and (3) An individual's perception of how easy 
or difficult it is to perform the behaviour (perceived be-
havioural control [PBC]). Attitude towards the behaviour 
is affected by an individual's ‘behavioural beliefs’; subjec-
tive norms are affected by ‘normative beliefs’; and PBC 
is affected by ‘control beliefs’. The ‘intention’ and ‘PBC’ 
have been demonstrated to account for a considerable 
amount of variation in the behaviour (correlations from 
0.20 to 0.78) (Ajzen, 1991). Therefore, to elicit behaviour 
change, an intervention should aim to address one or 
more of these factors to increase the motivation of indi-
viduals to perform the behaviour.

A genotype- based personalised approach to dietary 
recommendations has been proposed as a way of mo-
tivating individuals to make positive changes in their 
dietary and physical activity behaviour (Celis- Morales 
et  al.,  2015). Genotype- based advice is delivered in 
combination with other levels of personalisation (pheno-
typic, clinical and dietary), with the aim to provide more 
precise and effective advice as well as to encourage 
behaviour change (Grimaldi et  al.,  2017). In the con-
text of the TPB, personalisation of behaviour change 
advice should affect ‘behavioural beliefs’ which will cre-
ate a more favourable ‘attitude towards the behaviour’. 
The provision of this advice from a healthcare provider 
may affect ‘normative beliefs’ which will have a posi-
tive effect on ‘subjective norms’ (Horne et  al.,  2017). 
‘Control beliefs’ may be affected if instructions are pro-
vided on how to meet the advice, which will increase 
‘PBC’ (Ajzen, 1991). Each of these factors should then 
increase motivation or ‘intention’ to perform the be-
haviour and subsequently change the actual behaviour.

Experimental analogue study designs have been 
utilised to determine the effect of disclosure of a hypo-
thetical increased genetic risk of obesity on affective 
outcome measures including motivation to change be-
haviour. Analogue studies suggest that participants 
informed of an increased risk of obesity are more moti-
vated to make healthy changes to lifestyle behaviours in 
comparison to when informed of an average risk (Ahn & 
Lebowitz, 2018; Frosch et al., 2005; Meisel et al., 2012; 
Sanderson et al., 2010). However, the studies that have 
measured motivation to change lifestyle behaviour fol-
lowing actual genotype- based advice have not shown 
an effect. In the context of risk related to type 2 diabetes 
(T2D), most studies have demonstrated that communica-
tion of genetic risk did not significantly increase intention 
or motivation to make changes to diet or physical activ-
ity behaviour (Godino et al., 2016; Grant et al., 2013), 
or affect stages of change (Grant et al., 2013; Knowles 
et al., 2017). Since these studies have not been carried 
out in the context of obesity prevention and only one 
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of them was in a healthy population, further research 
is required to determine whether the findings from ana-
logue studies can be replicated in a study where the ac-
tual genetic risk of obesity is communicated to a young 
adult population. Therefore, the aim of the present study 
was to determine the efficacy of genotype- based per-
sonalised dietary and physical activity advice on healthy 
eating motivation in a young adult population.

METHODS

Participants

Undergraduate students aged 18–25 years enrolled at a 
University in September 2019 were recruited to partici-
pate in the study. Students aged above 25 years, those 
who were pregnant or lactating, and those who had a 
chronic disease, a history of disordered eating or were 
following a restricted diet, were excluded. The study 
was conducted in accordance with the Declaration of 
Helsinki. Ethical approval was obtained from the St 
Mary's University Research Ethics Sub- Committee 
(SMEC_2018- 19_052). Written informed consent was 
obtained from all participants. This study is registered 
with Clini calTr ials. gov: NCT04096404. All data were 
collected and stored according to the Data Protection 
Act 1998 and the Human Tissue Authority.

Experimental design

Baseline measures were collected in person at the 
University and included participants' height, weight, 
BF% and waist circumference (WC). A saliva sam-
ple was obtained for genotyping. Participants were 
asked to complete an online questionnaire to meas-
ure physical activity and healthy eating motivation. 
Following the collection of baseline measures from 
all participants, participants were randomly allocated 
using the randomisation function in MS Excel by AK 
(stratified by FTO risk and non- risk genotype) to one 
of three parallel groups: (1) Genotype- based person-
alised advice; (2) Non- genotype- based personalised 
advice; (3) Control: no advice. Following allocation 
to groups, participants in groups 1 and 2 received 
appropriate dietary and physical activity advice via 
email and 1 week later all participants were asked to 
complete the healthy eating motivation questionnaire 
for a second time (Figure 1). The study was originally 
designed to measure change in bodyweight over 
3 years as the primary outcome; however, due to is-
sues with data collection during the COVID- 19 pan-
demic, healthy eating motivation score (a secondary 
outcome) was the only planned outcome that could 
be utilised. Participants were initially asked to report 
dietary data; however, adherence was very low so it 
was removed from the study.

F I G U R E  1  Study design flow chart. 
BF%, body fat percentage; BMI, body 
mass index; PA, physical activity; UG, 
undergraduate.

Recruitment: UG 1st year students, 18-25 years

Baseline measurements: BMI, BF%, healthy-ea�ng 
mo�va�on, PA, FTO genotype

Assessed for eligibility (n = 358)

Randomisa�on to groups (n = 153)

Group 2. Non-genotype-
based personalised advice:

Allocated (n =52)

Advice: Dietary and PA 
advice

Group 3. Control group 
no advice:

Allocated (n =49)

Advice: No advice

Group 1. Genotype-based 
personalised advice:

Allocated (n =52)

Advice: Dietary and PA 
advice based on genotype

Excluded: 
did not provide all baseline measures 
(n = 205)

Analysed (n = 36)

Excluded: 

No follow-up data (n = 13)

Analysed (n = 39)

Excluded: 

No follow-up data (n = 13)

Analysed (n = 39)

Excluded: 

No follow-up data (n = 13)
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Experimental protocol

Participant characteristics and adiposity 
indices

Participants were asked to report their age, ethnicity, 
programme of study, who they lived with and smoking 
status. Height was measured to the nearest centime-
tre using a free- standing height measure (Seca UK, 
Birmingham). Weight was measured to the nearest 
0.1 kg and BF% to the nearest 0.1% using a bioelec-
trical impedance analysis system and scales (Tanita 
BC- 418 Foot- to- FootMPMS- 230, Tanita Corporation 
of America, Inc., IL, USA). Participants' weight was 
measured clothed without shoes or overgarments. 
BMI was calculated by dividing participants' weight 
(kg) by their height (m) squared. Participants with a 
BMI in the overweight or obese category (>25 kg/m2) 
were informed that they were not meeting the BMI 
recommendation (World Health Organization, 2000). 
Recommendations for BF% are not provided by the 
World Health Organization or NICE, and the cut- 
offs provided by different research papers (Flegal 
et al., 2009; Gallagher et al., 2000) and manufactur-
ers (MARSDEN; TANITA) vary. In this study, male 
participants with a BF% >18% and female partici-
pants with a BF% >31% were informed that they were 
not meeting the recommendation for BF%, reported 
to correspond to a BMI of 25 kg/m2 (WHO Expert 
Consultation, 2004).

DNA isolation and genotyping

Genotyping was performed according to a method 
described elsewhere (Pilic & Mavrommatis,  2018). In 
brief, genotyping for FTO genotype rs9939609 was 
carried out using the TaqMan® method using qPCR 
(StepOnePlus Real- time, LifeSciences, Applied 
Biosystems, CA, USA) with two technical replicates 
for each sample. The polymerase chain reaction am-
plification was performed under the conditions speci-
fied by the manufacturer. Genotypes were inferred by 
Thermofisher Connect™ platform. The call rate for 
rs9939609 was above 95%. Genotype frequencies for 
FTO genotype rs9939609 were within Hardy Weinberg 
Equilibrium (p = 0.998). Individuals with an A allele 
(A+) were considered the ‘risk- associated’ genotype, 
and those without (A−) were considered the ‘non- risk- 
associated’ genotype.

Physical activity

Physical activity was measured using the Epic 
Physical Activity Questionnaire (EPAQ2) (Wareham 
et  al.,  2002). The self- reported questionnaire 

measured participants' physical activity in the previ-
ous year. Energy expenditure was estimated by mul-
tiplying the time spent on each moderate or vigorous 
intensity activity (min/week) by the metabolic equiv-
alent (MET) for that activity. Current guidelines for 
physical activity in the UK are to accumulate at least 
150 min of moderate- intensity activity and/or 75 min 
of vigorous- intensity activity each week (Department 
of Health and Social Care,  2019), which equates to 
500 MET minutes/week (Kaminsky & Montoye, 2014). 
Participants reporting <500 MET minutes/week of 
moderate or vigorous intensity physical activity were 
informed that they were not meeting the recommen-
dation for physical activity.

Healthy- eating motivation

Participants' motivation to eat healthily was measured 
using the healthy- eating motivation score (Naughton 
et  al.,  2015). The healthy eating motivation score 
was calculated by recording participants' mean score 
from seven items (response: 1: strongly disagree to 7: 
strongly agree) (Table 1). Cronbach's alpha (α) for the 
healthy- eating motivation score items was 0.82; this 
value is similar to the alpha score of 0.81 reported by 
Naughton et al. (2015). An α > 0.7 has been suggested 
to indicate adequate internal consistency (Tavakol & 
Dennick, 2011).

Personalised advice

Behaviour change techniques (BCT) were utilised in 
the design and implementation of advice provided to 
groups 1 and 2 to align with constructs of the TPB, 
and are indicated in Table 2. Incorporated BCTs in-
cluded: ‘fear arousal’, ‘consequences of their be-
haviour to them as an individual’, ‘goal setting’, and 
‘how to perform the behaviour’ (Michie et al., 2013). 
With reference to the TPB, ‘fear arousal’ and ‘conse-
quences of their behaviour to them as an individual’ 

TA B L E  1  Healthy- eating motivation items (Naughton 
et al., 2015).

Items

1. It is important that the food I eat contains vitamins and 
minerals

2. It is important that the food I eat keeps me healthy

3. It is important that the food I eat is nutritious

4. I always follow a healthy and balanced diet

5. I eat what I like and I do not worry about healthiness of food R

6. The healthiness of food has little impact on my food choices R

7. It is important that the food I eat helps me control my weight

Note: R Items reverse scored for analysis.
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were incorporated to target their ‘behavioural beliefs’. 
‘Goal setting’ and ‘how to perform the behaviour’ 
were incorporated to target ‘control beliefs’. The pro-
vision of this advice by a university lecturer who is 
also a registered nutritionist was aimed to target their 
‘normative beliefs’.

Participants in groups 1 and 2 were informed of 
their current BMI, BF%, physical activity status, the 
recommendation for each measure and if they were 
meeting the recommendation. Participants in group 1 
were also provided with personalised advice based 
on their FTO genotype. Both groups 1 and 2 were 
provided with information about what to do to reduce 
their risk of weight gain, which included practical tips 
on the basics of physical activity, based on UK physi-
cal activity guidelines for adults and older adults from 

the Chief Medical Officers (Department of Health and 
Social Care, 2019), and healthy eating based on the 
UK Eatwell Guide (Public Health England,  2016). 
Participants in group 3 were not provided with any ad-
vice (Table 2 and Appendix S1).

Statistical methods

According to a sample size calculation, to identify 
a medium effect size (Cohen's d = 0.5), for a two- 
tailed test, with a power of 0.8 and probability of 
0.05, 34 participants per group were required. The 
power calculation was conducted using the statisti-
cal power analyses software G*Power version 3.1.9.2 
(Faul et  al., 2007). Statistical analysis was carried 

TA B L E  2  Personalised advice provided to participants in groups 1, 2 and 3; behaviour change techniques utilised are indicated.

Advice Group 1: Genotype- based (risk)
Group 1: Genotype- 
based (non- risk) Group 2: Non- genotype- based Group 3

Importance ‘Obesity is a risk factor for numerous chronic diseases including 
diabetes, cardiovascular disease and cancer. The risk of 
individuals to develop obesity is highly variable. Some of this 
variation may be explained by the interaction between an 
individual's DNA variation (genotype) and their diet and physical 
activity. You can reduce your risk of becoming obese by adhering 
to the diet and physical activity advice below’
BCT: fear arousal; consequences of their behaviour to them as 
an individual

‘Obesity is a risk factor 
for numerous chronic 
diseases including diabetes, 
cardiovascular disease and 
cancer. You can reduce your risk 
of becoming obese by adhering 
to the diet and physical activity 
advice below’
BCT: fear arousal; 
consequences of their behaviour 
to them as an individual

No advice

BMI Informed of their current BMI, recommendation, and if they were meeting the recommendation; BCT: 
goal setting

No advice

Body fat 
percentage

Informed of their current BF%, recommendation, and if they were meeting the recommendation; BCT: 
goal setting

No advice

Physical activity Informed of their current physical activity, recommendation, and if they were meeting the 
recommendation; BCT: goal setting

No advice

Genotype- based ‘You have a genetic variation in the 
FTO gene that is associated with a 
higher risk of obesity; consequently, 
it is important for you to meet 
recommendations for physical activity 
and dietary intake of energy, saturated 
fat and sugar’
‘Research suggests that individuals 
with your genotype are more likely to 
become obese. Obesity is linked to 
numerous chronic diseases such as 
cardiovascular disease, diabetes and 
cancer. Individuals with your genotype 
that are more physically active are less 
likely to become obese. Individuals with 
your genotype that eat less saturated fat 
are less likely to become obese.’
BCT: fear arousal; consequences of 
their behaviour to them as an individual

‘You do not have 
a genetic variation 
in the FTO gene 
that is associated 
with a higher risk of 
obesity; you should 
follow healthy eating 
and physical activity 
guidelines’

No advice No advice

Practical Provided with information about what to do to reduce their risk of weight gain which included 
practical tips on the basics of physical activity and healthy eating to help make healthier choices
BCT: goal setting and how to perform the behaviour

No advice

Abbreviations: BCT, behaviour change technique; BF%, body fat percentage; BMI, body mass index.
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out using IBM SPSS Statistics 26 for Windows (IBM 
Corp, New York, USA). Internal consistency of the 
healthy- eating motivation score was assessed using 
α. Measures of centrality and spread are presented 
as mean ± SD; categorical data are presented as fre-
quencies and percentages. The normality of data was 
assessed using the Shapiro–Wilk test. Baseline con-
tinuous measures were compared between groups 
using a one- way ANOVA for normally distributed data 
or an Independent- Sample Kruskal–Wallis test for 
data that was not normally distributed. Categorical 
variables were compared between groups using 
a Chi- squared Test. Two- way mixed ANOVA was 
used to determine the effect of different levels of 
personalised advice (control, non- genotype- based 
advice, genotype- based advice) and time (pre-  vs. 
post- advice) on healthy eating motivation scores. A 
three- way mixed ANOVA was carried out to assess 

differences between groups (control, non- genotype- 
based advice, genotype- based advice), compliance 
with recommendations (met vs. not met at baseline) 
and time (baseline vs. 1- week post advice) on healthy 
eating motivation score. All tests were two- tailed and 
considered statistically significant when p < 0.05.

RESULTS

Baseline characteristics of all participants are pre-
sented in Table  3. The mean BMI of all participants 
was within the healthy category (23.5 ± 3.7 kg/m2) 
and 25% of participants were classified as over-
weight or obese (BMI >25 kg/m2). The mean BF% of 
both male (14.2 ± 6.1%) and female (28.2 ± 7.3%) par-
ticipants was within the healthy range. 23% of male 
and 27% of female participants had a BF% above the 

TA B L E  3  Participant baseline characteristics (n = 153), presented as frequency (percentage) or mean ± standard deviation.

Characteristic Group 1 (n = 52) Group 2 (n = 52) Group 3 (n = 49)

Gender Men 24 (46) 22 (42) 22 (45)

Women 28 (54) 30 (58) 27 (55)

Age (years) 19 ± 2 19 ± 2 19 ± 2

Ethnicity White 40 (77) 42 (81) 38 (78)

Asian or Asian British 5 (10) 3 (6) 4 (8)

Black or Black British 4 (8) 2 (4) 3 (6)

Other ethnic group 3 (6) 5 (10) 4 (8)

Living situation At home with parent 14 (27) 17 (33) 18 (37)

Student accommodation 33 (64) 30 (58) 24 (49)

Other 5 (10) 5 (10) 7 (14)

Undergraduate programme Science- based 35 (67) 38 (73) 33 (67)

Non- science based 17 (33) 16 (31) 16 (33)

Smoking status Non- smoker 45 (87) 46 (89) 42 (86)

Light smoker 2 (4) 6 (12) 5 (10)

Moderate 1 (2) 0 (0) 1 (2)

Ex- smoker 4 (8) 0 (0) 1 (2)

FTO genotype TT 23 (44) 23 (44) 21 (43)

BMI (kg/m2) AT 20 (39) 20 (39) 20 (41)

AA 9 (17) 9 (17) 8 (16)

Men and women 23.7 ± 4.3 23.4 ± 3.6 23.3 ± 3.2

Body fat (%) Meeting recommendation 40 (77) 38 (73) 37 (76)

Men 14.3 ± 6.4 15.1 ± 7.0 13.2 ± 4.9

Meeting recommendation 19 (79) 16 (73) 17 (77)

Women 29.2 ± 6.8 27.2 ± 6.9 28.2 ± 8.2

Physical activity (MET min/week) Meeting recommendation 19 (68) 24 (80) 19 (70)

6191 ± 4051 6622 ± 5182 5497 ± 3771

Healthy eating motivation score Meeting recommendation 51 (98) 51 (98) 47 (96)

5.0 ± 0.9 5.0 ± 1.0 5.1 ± 1.1

Abbreviations: BMI, body mass index; MET, metabolic equivalent; FTO, fat mass and obesity- associated genotype (TT: non- risk homozygous, AT: 
heterozygous; AA: risk homozygous).
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recommendation for BF%. Mean reported physical ac-
tivity levels (6116 ± 4384 MET min/week) were above 
recommended levels for physical activity and 97% of 
participants were meeting the recommendation for 
physical activity. There were no significant differences 
in any of the baseline characteristics between groups 
(p ≥ 0.05; Table 3). Thirty- nine participants did not com-
plete the study (Figure  2). There were no significant 
differences in age, BMI, BF%, physical activity level 
or baseline healthy- eating motivation score between 
participants included in the analysis and those who 
did not complete the second healthy eating motivation 
questionnaire (p ≥ 0.05). There were no significant dif-
ferences in BMI, BF% or physical activity level between 
FTO genotype groups (p ≥ 0.05) (data not shown).

The effect of levels of advice on healthy 
eating motivation

All participants

A two- way ANOVA was used to assess the effect of the 
level of advice provided on healthy eating motivation be-
fore and after the intervention. There was no significant 
effect of time (F = 0.025, p = 0.875), group (F = 0.176, 
p = 0.839) or time × group interaction on healthy- eating 
motivation score (F = 0.881, p = 0.417) (Figure 2).

Participants informed of a risk 
versus non- risk- associated genotype

Within the genotype- based personalised advice 
group, a two- way ANOVA was used to assess the 
effect of being informed of a risk versus a non- risk- 
associated genotype on healthy eating motiva-
tion before and after the intervention. There was a 
significant effect of risk on healthy eating motiva-
tion score (F = 4.955, p = 0.032). Participants with a 
risk- associated genotype had a significantly higher 
healthy eating motivation score than participants 
with a non- risk- associated genotype at baseline and 
post- advice. However, there was no significant effect 
of time (F = 0.054, p = 0.818), or time × risk interac-
tion on healthy- eating motivation score (F = 1.383, 
p = 0.287). Therefore, healthy eating motivation score 
was unchanged in either group following the disclo-
sure of genotype- based advice (Figure 3).

BMI recommendations

Healthy eating motivation score was compared before and 
after advice, between participants meeting and not meet-
ing the BMI recommendation and also between groups. 
There was no significant time × compliance × group inter-
action on healthy eating motivation (F = 1.101, p = 0.336). 

F I G U R E  2  Mean healthy eating motivation score pre-  and post- advice for participants provided with genotype- based personalised 
advice, non- genotype- based personal advice or no advice. Dots represent individual scores within each group and time point.
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There were no significant two- way interactions (p ≥ 0.05) 
or main effects of time, compliance or group (p ≥ 0.05).

Body fat percentage recommendation

Healthy eating motivation score was also compared 
before and after advice, between participants meet-
ing and not meeting the BF% recommendation and 
between groups. There was no significant interac-
tion between time, compliance and group (F = 0.958, 
p = 0.387). There were no significant two- way interac-
tions (p ≥ 0.05) or main effects of time, compliance or 
group (p ≥ 0.05).

DISCUSSION

The aim of the present study was to determine the ef-
ficacy of genotype- based personalised dietary and 
physical activity advice on healthy eating motivation 
in young adults. The findings suggest that genotype- 
based personalised dietary advice did not affect healthy 
eating motivation 1 week later: when participants were 
analysed as a whole, when analysed in those informed 
of a risk or non- risk- associated genotype or when ana-
lysed in those meeting or not meeting the BMI or BF% 
recommendation. Healthy eating motivation was also 
unaffected by non- genotype- based personalised ad-
vice or no advice.

Genotype- based personalised advice to 
motivate healthy eating

The null findings of this study agree with previous 
studies that have measured motivation or intention 
to eat a healthy diet following actual genotype- based 

advice (Godino et al., 2016; Grant et al., 2013; Knowles 
et al., 2017). Although these studies were carried out 
in the context of T2D rather than obesity, the lifestyle 
behaviours they were aiming to motivate were compa-
rable. It was hypothesised that the inclusion of genetic 
risk within personalised dietary advice would increase 
the personal salience of recommendations, positively 
influencing behavioural beliefs and subsequently mo-
tivate healthy eating behaviour (Horne et  al.,  2017). 
Previously, vignette studies which had asked partici-
pants to imagine they had received results of genetic 
testing for obesity, suggested that their motivation to 
eat healthily would increase following a high genetic 
risk result (Ahn & Lebowitz, 2018; Frosch et al., 2005; 
Meisel et al., 2012; Sanderson et al., 2010). However, in 
the present study, although healthy - eating motivation 
score was significantly higher in participants with a risk- 
associated genotype compared to those with a non- risk- 
associated genotype, healthy- eating motivation did not 
change significantly in either group following genotype- 
based advice. The significant difference in healthy- 
eating motivation score between the risk- associated 
genotype group and the non- risk- associated genotype 
group was apparent prior to disclosure of genotype- 
based advice. This difference is likely a chance finding 
since these participants were not aware of their geno-
type at this time point; furthermore, there was no sig-
nificant difference in healthy- eating motivation between 
the risk and non- risk- associated genotype participants 
within groups 2 or 3.

The personalised advice provided to both the 
genotype- based and non- genotype- based groups was 
delivered using BCT to target constructs of the TPB 
that could subsequently increase participants' intention 
or motivation to eat a healthy diet (Ajzen, 1991; Horne 
et al., 2017; Michie et al., 2013). There are several pos-
sible explanations why genotype- based advice did not 
translate to increased healthy eating motivation. Vignette 

F I G U R E  3  Mean healthy eating 
motivation score pre-  and post- advice for 
participants within the genotype- based 
personalised advice group for those 
informed of a risk- associated genotype 
or a non- risk- associated genotype. Dots 
represent individual scores within each 
group and time point. * Significant effect of 
risk on healthy- eating motivation score (F 
= 4.955, p = 0.032).
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studies overestimate predicted behaviours in response 
to genetic testing scenarios (Lerman et al., 2002; Persky 
et al., 2007). This may explain the contradictory findings 
between vignette and actual studies of participants' in-
tentions following disclosure of genotype- based advice. 
Additionally, participants may have viewed genetic risk 
as deterministic and consequently developed a fatalis-
tic attitude in response to disclosure of a high genetic 
risk for obesity (Ehrlinger et  al.,  2017). Compared to 
phenotypic health outcomes, such as high blood cho-
lesterol that can be changed through lifestyle modifica-
tion, genes are not modifiable and therefore changes in 
behaviours to address outcomes linked to genetics may 
be inaccurately assessed by participants to be beyond 
their control (Marteau & Weinman, 2006). In the current 
study, participants were clearly told that genes can inter-
act with lifestyle behaviours: ‘Individuals with your geno-
type that eat less saturated fat are less likely to become 
obese’; therefore, it should be unlikely that this would 
explain the lack of an effect on healthy eating motivation. 
The expectation was that participants informed that they 
were meeting recommendations were less likely to re-
port an increase in healthy eating motivation in response 
to advice. Indeed, the concern in this group was that ad-
vice may reduce their motivation to eat a healthy diet. 
Therefore, it was also important to observe the effect on 
healthy eating motivation in participants that were meet-
ing the recommendation; nevertheless, a detrimental ef-
fect in this group was not observed. However, the lack 
of a change in healthy eating motivation in response to 
advice in the present study may be explained by the ma-
jority of participants meeting recommendations for BMI, 
BF% and physical activity; furthermore, based on their 
baseline healthy eating motivation score they were pos-
itively oriented to healthy eating (Naughton et al., 2015). 
The study population of undergraduate young adults was 
deliberately targeted with a view to prevent rather than 
treat overweight and obesity. Therefore, in this young, 
educated, physically active and relatively healthy pop-
ulation, with a baseline positive orientation towards mo-
tivation for healthy eating, maintenance of their current 
behaviour was what was required. Consequently, an un-
changed motivation score in response to disclosure of a 
risk- associated genotype should be considered a posi-
tive outcome. Furthermore, the response of individuals 
informed of a non- risk- associated genotype should be 
considered; these individuals may inaccurately conceive 
that they are unaffected by poor lifestyle behaviours that 
increase the risk of obesity, the so- called genetic invin-
cibility effect (Ahn & Lebowitz, 2018). Previous research 
reported that participants who received imagined feed-
back from a non- risk- associated genotype reported re-
duced worth of the importance of diet and exercise and 
an increased likelihood of selecting unhealthy food (Ahn 
& Lebowitz,  2018). In the present study, participants 
informed of a non- risk- associated genotype were also 
advised of the influence that diet and physical activity 

behaviours have on the risk of obesity. As such, the dis-
closure of a non- risk- associated genotype in the present 
study did not affect the healthy eating motivation score, 
which is in line with other studies that disclosed actual 
genetic risk (Grant et al., 2013).

Strengths and limitations

The provision of actual rather than imagined genotype- 
based advice was provided to participants in the present 
study; therefore, the subsequently reported motivation 
of participants to eat a healthy diet provides stronger 
evidence than that reported from vignette studies 
(Lerman et al., 2002; Persky et al., 2007). The present 
study adds to a small number of previous studies that 
have investigated the response to genotype- based 
personalised advice on healthy eating motivation. A 
limitation of these studies, as in the present study, is 
that healthy eating motivation, intention to perform the 
behaviour or stages of change were secondary out-
comes (Godino et al., 2016; Grant et al., 2013; Knowles 
et al., 2017). It is a limitation of the study that within the 
group that received genotype- based advice there was 
a significant difference in baseline healthy- eating mo-
tivation score between participants with a risk versus 
a non- risk- associated genotype. As discussed above 
this is likely a chance finding since there was no sig-
nificant difference in healthy eating motivation score 
between risk and non- risk- associated genotype par-
ticipants in groups 2 and 3. The present study meas-
ured motivation to eat healthily; although the TPB has 
demonstrated that intention to perform a behaviour is 
strongly linked to the actual behaviour (Ajzen,  1991), 
participants' eating behaviour in response to the advice 
was not assessed. The present study assessed moti-
vation to eat healthily 1 week after the receipt of advice. 
It is possible that motivation to eat healthily would have 
differed if measured earlier or later and would likely re-
duce with duration of follow- up (Samdal et al., 2022). 
Furthermore, due to the advice provided, which was 
specifically focused on healthy weight, all items of the 
healthy eating motivation questionnaire may not have 
been impacted by advice. The most applicable item 
‘It is important that the food I eat helps me control my 
weight’ may have changed in response to advice but 
may not have resulted in a statistically meaningful ef-
fect on overall healthy eating motivation score. BMI 
cut- offs were used consistently across participants 
and participants were not requested to be fasted or 
hydrated prior to BF% measures, in future research 
it may be more appropriate to use cut- offs based on 
participants' ethnicity and have a standardised protocol 
for BF% measurement (Caleyachetty et al., 2021). As 
mentioned above, the high proportion of participants 
that were meeting the recommendation for body fat 
percentage and BMI may have reduced the effect of 
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advice on healthy eating motivation. The provision of 
advice via email enables greater scalability of person-
alised advice and has been used in previous research 
(Celis- Morales et al., 2016; Godino et al., 2016; Nielsen 
& El- Sohemy, 2014); however, in- person delivery of ge-
netic information has been shown to result in a greater 
understanding and more accurate interpretation of re-
sults (Haga et  al.,  2014). Consequently, the mode of 
delivery of genotype- based advice may have influ-
enced participants understanding and therefore their 
response to the advice. Finally, there was a high rate 
of dropout (25%) which was consistent across the three 
groups. Although the baseline data was collected in 
September 2019, there was some delay in genotyping 
which meant that advice was delivered to participants 
in early 2020 and some participants may have lost in-
terest in the study; furthermore, this timing coincided 
with the start of the COVID- 19 pandemic.

Recommendations for further research

In the present study, we did not observe an effect of 
BMI or BF% on motivation to eat a healthy diet; how-
ever, previous research suggests that compared to nor-
mal weight, overweight individuals are more interested 
in genotype- based advice (Bayer et al., 2021; Stewart- 
Knox et  al.,  2009; Vallée Marcotte et  al.,  2018) and 
more motivated to eat a healthy diet following disclo-
sure of a high genetic risk (Frosch et al., 2005). Further 
research should be conducted to determine the effect 
of genotype- based personalised advice in populations 
that are healthy compared to those that are already ‘at- 
risk’ of developing non- communicable diseases such 
as T2D and cardiovascular disease.

Although genotype- based personalisation of ad-
vice provides a tool to increase the personal salience 
of healthy lifestyle advice in preventative interventions 
delivered earlier in the lifespan, the findings from this 
study suggest that healthy eating motivation in relatively 
healthy young adults is not influenced by that advice. A 
deeper understanding of additional psychological fac-
tors that may interact with how genotype- based advice 
is perceived by young adults is required to target and 
develop interventions in this population appropriately.

CONCLUSION

The findings of the present study suggest that genotype- 
based personalised advice for the prevention of obesity 
did not affect healthy eating motivation in this group of 
healthy, young adults. Further research is needed to 
understand perceptions of genotype- based personal-
ised nutrition in different population groups including 
healthy versus ‘at- risk’, and young adults, if it is to be 
used within interventions for the prevention of obesity.
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