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Abstract
Purpose High-fat and low-fibre discretionary food intake and FTO genotype are each associated independently with higher 
risk of obesity. However, few studies have investigated links between obesity and dietary patterns based on discretionary 
food intake, and the interaction effect of FTO genotype are unknown. Thus, this study aimed to derive dietary patterns based 
on intake of discretionary foods, saturated fatty acids (SFA) and fibre, and examine cross-sectional associations with BMI 
and waist circumference (WC), and interaction effects of FTO genotype.
Methods Baseline data on 1280 adults from seven European countries were included (the Food4Me study). Dietary intake 
was estimated from a Food Frequency Questionnaire. Reduced rank regression was used to derive three dietary patterns using 
response variables of discretionary foods, SFA and fibre density. DNA was extracted from buccal swabs. Anthropometrics 
were self-measured. Linear regression analyses were used to examine associations between dietary patterns and BMI and 
WC, with an interaction for FTO genotype.
Results Dietary pattern 1 (positively correlated with discretionary foods and SFA, and inversely correlated with fibre) was 
associated with higher BMI (β:0.64; 95% CI 0.44, 0.84) and WC (β:1.58; 95% CI 1.08, 2.07). There was limited evidence 
dietary pattern 2 (positively correlated with discretionary foods and SFA) and dietary pattern 3 (positively correlated with 
SFA and fibre) were associated with anthropometrics. FTO risk genotype was associated with higher BMI and WC, with 
no evidence of a dietary interaction.
Conclusions Consuming a dietary pattern low in discretionary foods and high-SFA and low-fibre foods is likely to be impor-
tant for maintaining a healthy weight, regardless of FTO predisposition to obesity.
Trial registration Clinicaltrials.gov NCT01530139. Registered 9 February 2012 https:// clini caltr ials. gov/ ct2/ show/ NCT01 
530139

Keywords Obesity · Waist circumference · Dietary patterns · FTO genotype · Adults

Abbreviations
BMI  Body mass index
DP  Dietary pattern
FTO  Fat mass and obesity associated
FFQ  Food frequency questionnaire
RCT   Randomised controlled trial
SFA  Saturated fatty acid
WC  Waist circumference

Introduction

Globally, 52% of adults have overweight or obesity [1], and, 
in 2020, 65% of European adults were estimated to have 
overweight or obesity [2]. With these high prevalence rates 
for overweight and obesity, European adults are at increased 
risk of multiple chronic diseases and of higher all-cause 
mortality. Further, poor diet is a key modifiable risk factor 
for chronic disease [3]. In particular, diets high in discre-
tionary foods and beverages that are high in saturated fatty 
acids (SFA), and low in fibre, are linked with greater risk 
of obesity, as well as cardiovascular disease and all-cause 
mortality [4–8]. * Katherine M. Livingstone 

 k.livingstone@deakin.edu.au
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Since foods and nutrients are not consumed in isolation, 
research considering the frequency and combinations of 
foods consumed as part of an overall dietary pattern is 
gaining importance [9]. Methods used to describe dietary 
patterns, such as reduced rank regression, combine the 
strengths of a priori knowledge of diet–health associa-
tions and data driven methods [10, 11]. Although dietary 
guidelines recommend consuming a dietary pattern low in 
discretionary foods and high in fibre-rich foods [12], no 
studies have derived dietary patterns based on percentage 
energy intake from discretionary foods, SFA and intake 
of fibre.

There is consistent evidence that unhealthy dietary pat-
terns are associated with increased risk of obesity [13]. 
Moreover, associations between non-modifiable risk fac-
tors, such as genetic variations in the fat mass and obe-
sity-associated gene (FTO), and obesity, may be modified 
by diet [13–15]. The FTO gene is postulated to regulate 
energy homeostasis [16] and the risk genotype has been 
associated with altered macronutrient intakes, such as total 
fat [17], and higher odds of consuming a dietary pattern 
high in discretionary foods [18]. Thus, in individuals with 
the risk genotype, maintaining a healthy dietary pattern 
may be more important for reducing risk of obesity. In a 
nested case–control study of 1 254 adults, higher adher-
ence to the Mediterranean diet was associated with lower 
obesity risk among subjects with higher genetic predispo-
sition to obesity, when compared with those with lower 
adherence and lower genetic risk. [14]. However, previous 
cross-sectional research in the Food4Me study has shown 
no evidence of interaction between a Mediterranean diet 
score and FTO genotype on anthropometrics [47].

Discretionary food intake and FTO genotype are each 
associated independently with higher risk of obesity 
[16, 19]. However, while studies have investigated links 
between obesity and dietary patterns high in discretion-
ary foods, such as processed meat [11, 20, 21], no studies 
have used a posteriori methods that derive dietary patterns 
based on discretionary food intake. Moreover, the associa-
tion between FTO genotype and such dietary patterns, as 
well as the interaction effect between these dietary pat-
terns and FTO genotype on associations with obesity is 
unknown. As dietary guidelines are increasingly focused 
on dietary patterns, rather than single foods, understand-
ing how high-SFA and low-fibre discretionary foods are 
eaten in combination will inform the design of dietary 
pattern-based recommendations for the prevention of obe-
sity. Therefore, the objective of this study was to derive 
dietary patterns based on intake of discretionary foods and 
beverages, SFA and fibre, and to examine cross-sectional 
associations with obesity and moderating effects of FTO 
genotype.

Methods

Study design

This study was a cross-sectional analysis of baseline data 
from the Food4Me study, a 6-month, randomised controlled 
trial in seven European countries (United Kingdom; Ireland; 
Spain; Greece; The Netherlands, Germany, Poland) [22]. 
Briefly, individuals were recruited via the Food4Me website 
following flyers, newspaper and radio advertisements [22]. 
Participants were asked to complete an online questionnaire 
via e-mail and to provide biological samples at baseline and 
after 3 and 6 months of intervention. Participants completed 
an online food frequency questionnaire (FFQ), the Baecke 
physical activity questionnaire [23], wore accelerometers, 
and provided self-measured anthropometric information, 
buccal swabs and dry blood spot cards. Recruitment was 
targeted at 1540 participants (i.e., n = 220 participants per 
country) and was conducted between August 2012 and 
August 2013. Each research centre or university supervis-
ing the intervention obtained Research Ethics Committee 
approval for the study from their local or national commit-
tee. The Food4Me study was registered at www. clini caltr 
ials. gov under the number NCT01530139. Online consent 
forms were signed by participants. Reporting was guided 
by the STROBE-nut guidelines for nutritional epidemiology 
(Supplementary Table 1).

Eligibility criteria

Participants aged 18 years and older were included in the 
Food4Me study. The following exclusion criteria were 
employed: (I) pregnant or lactating; (II) no or limited 
access to the Internet; (III) following a prescribed diet for 
any reason, including weight loss in the last 3 months; (IV) 
diabetes, coeliac disease, Crohn’s disease or any metabolic 
condition altering nutritional requirements. For this cross-
sectional analysis, participants were included if they had 
complete data for exposures, outcomes, confounders and 
moderators.

Study variables

Dietary intake

An online semi-quantitative FFQ was used to estimate 
dietary intake. The FFQ included 157 food and beverages 
consumed frequently in each of the participating European 
countries and had been developed and validated specifi-
cally for the Food4Me study [24, 25]. Detailed informa-
tion about the development, reproducibility, and validity 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


European Journal of Nutrition 

1 3

of the FFQ are provided elsewhere [24, 26]. Food and 
nutrient composition were computed in real time using 
the McCance and Widdowson’s The composition of Foods 
food composition database [27].

The percentage energy (%E) from discretionary food 
and beverage intakes was calculated based on foods and 
beverages included in the Food Standards Scotland clas-
sification of discretionary items [28]. A total of 22 items 
from the Food4Me study FFQ were included in this discre-
tionary food classification from the following food groups: 
cakes, pastries and puddings (8 items), crisp and savoury 
snacks (4 items), confectionary (3 items), sugar contain-
ing drinks (3 items), ice cream and desserts (2 items) and 
sweet biscuits (2 items). A full list of the foods and bever-
ages included in the discretionary classification used in 
the present study is provided in Supplementary Table 2 
and published previously [29]. Reported mean daily intake 
of discretionary food items were summed and the energy 
intake from discretionary items was divided by the total 
mean daily energy intake and multiplied by 100.

Dietary patterns

Dietary pattern scores were derived in SAS using reduced 
rank regression, using food and nutrient intake data col-
lected from the FFQ. Reduced rank regression constructs 
dietary pattern scores by creating linear combinations (fac-
tor scores) of food‐groups that maximize the explained 
variation in the response variables (i.e., nutrient intakes) 
that are hypothesized to be related to health outcomes [30]. 
In this study, the predictor variables were 45 food groups 
(Supplementary Table 3). These food groups were created 
based on comparable nutrient composition and according 
to the groupings used in the UK National Diet and Nutri-
tion Survey [31]. This national survey was selected as it 
was European, and provided comparability with the UK-
based discretionary foods classification [32]. The number 
of dietary patterns extracted depends on the number of 
nutrient response variables. Thus, in this analysis, three 
nutrients known to be associated with obesity risk were 
used as response variables: %E from SFA, fibre density 
(g/MJ) and %E from discretionary foods. These nutrients 
were selected based on evidence from the World Health 
Organisation’s report on chronic disease prevention that 
fibre density and saturated fat intake are strongly asso-
ciated with obesity risk [33], and national guidelines to 
reduce intake of discretionary foods [12]. Based on our 
previous applications of reduced rank regression, we will 
explore all dietary patterns created that account for > 10% 
variation [11, 20] and are interpretable based on their 
nutrient and food group intakes.

Overweight and obesity and central obesity

Participants were provided with online information sheets 
and online video instructions on how to complete anthro-
pometric measurements. Weight (kg) and standing height 
(cm) were self-reported. Body Mass Index (kg/m2) was cal-
culated using the standard formula of weight (kg) divided 
by height  (m2). Participants self-collected waist circumfer-
ence using a tape measure, measured between the lowest 
rib margin and iliac crest, horizontally when standing up 
straight. Self-reported measurements were validated in a 
sub-sample of the participants (n = 140) and showed a high 
degree of reliability [34]. Overweight and obesity status 
(binary) was assessed by creating an underweight/normal 
weight (BMI < 25 kg/m2) category and an overweight or 
obesity category (BMI ≥ 25 kg/m2) [35]. Central obesity 
was defined as a waist circumference (WC) ≥ than 102 cm 
for men and ≥ than 88 cm for women [36].

Genotyping

Buccal cell samples were collected by participants using 
Isohelix SK-1 DNA buccal swabs and Isohelix dried cap-
sules and posted to each recruiting centre. The recruitment 
centres shipped these samples to LCG Genomics, UK, 
which then extracted the DNA and genotyped specific loci 
using KASP™ genotyping assay to provide bi-allelic scor-
ing of FTO SNP rs9939609 and rs1121980. Since there is 
high linkage disequilibrium (r 2 0.96) between these two 
SNPs, the results for rs1121980 are not reported. No signifi-
cant deviation from the Hardy–Weinberg equilibrium was 
observed for rs9939609 (0.51; P = 0.48). The additive model 
of FTO rs9939609 was used (TT, AT, AA).

Demographic and lifestyle information

An online questionnaire collected information on age, sex, 
country, occupation, physical activity and smoking status. 
Based on European classifications of occupations the fol-
lowing groupings were used: ‘Professional’ (professionals; 
managers); ‘Intermediate’ (armed forces occupations; tech-
nicians and associate professionals; clerical support work-
ers); and ‘Manual’ (craft and related trades workers; plant 
and machine operators and assemblers; service and sales 
workers; elementary occupations; skilled agricultural, for-
estry and fishery workers) [37]. Categories for ‘Students’ 
and ‘Retired and unemployed’ were added. Physical activity 
level was estimated from triaxial accelerometers (TracmorD, 
Philips Consumer Lifestyle), and identified minutes per day 
spent in physical activity. A binary variable was created 
for descriptive purposes to reflect whether participants met 
physical activity recommendations (> 150 min of moderate 
physical activity or > 75 min vigorous physical activity or a 
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combination of moderate and vigorous physical activity in a 
week in bouts of at least 10 min) [38]. Smoking was defined 
as current smoker or ex/non-smoker. As per previous use 
of these data, analyses were also adjusted for energy misre-
porting (yes/no) [29]. Under reporters were individuals with 
reported energy intake lower than basal metabolic rate *1.1. 
Basal metabolic rate was calculated based on Oxford equa-
tions [39]. Over reporters were individuals with reported 
energy intake higher than 4500 kcal per day [40].

Statistical analysis

Complete case analysis was used. Descriptive statistics 
were used for participant characteristics and are presented 
as means and standard deviation for continuous variables 
or frequency counts for categorical variables. Unadjusted 
linear regression analyses were used to examine associa-
tions between dietary patterns and total energy (MJ/day) and 
nutrient intake (%E from carbohydrate, total sugars, protein, 
total fat, trans fat, poly-unsaturated fat, mono-unsaturated 
fat, alcohol and omega-3 [g/day] and fibre [g/day]). Logistic 
and linear regression analyses were used to examine asso-
ciations between dietary patterns (dependent variable) and 
obesity and central obesity (independent binary variables) 
as well as between dietary patterns and BMI and waist cir-
cumference (independent continuous variables). Dietary 
patterns were treated as categorical variables (tertiles of 
dietary pattern score) and continuous variables; tertiles were 
used to help describe the food group and nutrient intakes 
according to these dietary patterns, while continuous vari-
ables were used to maximise the statistical power of the 
regression analyses. The outcomes were risk of overweight/
obesity (binary), central obesity (binary), BMI (continuous) 
and WC (continuous). Regression analyses were adjusted 
for the following confounders based on previous literature: 
age (continuous), sex (categorical), country (categorical; 
United Kingdom; Ireland; Spain; Greece; The Netherlands, 
Germany, Poland), physical activity (continuous), smoking 
status (binary) and energy misreporting (binary). Margins 
plots were created for each dietary pattern and continuous 
outcomes (BMI and WC). An interaction effect of FTO gen-
otype (categorical) on associations between dietary patterns 
and obesity status, central obesity, BMI and WC was tested 
by including a multiplicative interaction term between FTO 
and dietary patterns in the model. Linear regression analyses 
were also used to examine the association between dietary 
patterns (continuous) and FTO genotype (categorical), with 
and without adjustment for BMI (continuous). To further 
investigate the effects of energy misreporting, analyses were 
repeated excluding individuals who were considered under 
or over reporters. Where the interaction was not significant, 
main effects without the interaction terms were presented. 
Dietary patterns were generated in SAS on demand software, 

whereas all other analyses were performed in Stata SE 15 
(64 bit). All results were considered significant when p 
value < 0.05.

Results

Of the 1607 participants in Food4Me randomised into the 
intervention at baseline, 327 participants had missing data 
for the exposure, confounders and/or moderator (20%), thus 
1,280 participants were included in the present analysis. 
Participant characteristics of those who were included in 
this analysis compared to those who were excluded were 
on average more likely to be female, younger and adults 
with obesity than those who were excluded [41]. Partici-
pants included in this study had a mean age of 40.4 (SD 
13.0) years, 58% were women, 11% were smokers and 77% 
met physical activity recommendations. Forty six percent 
of participants had a BMI ≥ 25 kg/m2 (Table 1). Participant 
characteristics by weight status are presented in Supple-
mental Table 4. Overall, the %E from discretionary foods 
was 13.6 (SD 9.5) % and from SFA was 14.1 (SD 3.6) % 
and fibre density was 2.8 (SD 0.9) g/MJ. Twenty-one per-
cent of participants were energy intake misreporters (16% 
under-reported and 5% over-reported energy intake; data not 
shown).

Dietary patterns

Three dietary patterns were created, designated DP1, DP2 
and DP3, explaining a total of 46.6%, 18.7% and 11.7% of 
variation in the response variables, respectively (Table 2). 
DP1 was moderately positively correlated with %E from 
SFA (r 0.59) and discretionary foods (r 0.52) and moderately 
negatively correlated with fibre density (r − 0.62) suggesting 
participants with higher DP1 scores were consuming more 
foods high in SFA and discretionary foods, while having a 
lower intake of fibre dense foods. DP1 was positively asso-
ciated with intake of sweet biscuits and confectionary and 
butter and negatively associated with high fibre breakfast 
cereals and wholemeal pasta and rice (Table 3). Participants 
in the highest tertile of DP1 had higher intake of total fat and 
lower intake of fibre as compared with participants in the 
lowest tertile (Supplementary Table 5). DP2 was strongly 
positively associated with %E from discretionary foods (r 
0.86), weakly positively associated with fibre density (r 
0.39) and weakly negatively correlated with %E from SFA 
(r − 0.33) intake, suggesting participants with higher DP2 
scores consumed higher amounts of discretionary foods and 
lower amounts of foods high in SFA. DP2 was associated 
with higher intake of confectionary and sweet biscuits and 
lower consumption of beef and veal and butter (Table 3). 
Participants in the highest tertile of DP2 had higher intakes 
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of carbohydrate, fibre and total sugar, but lower intakes of 
protein and total fat when compared with participants in the 
lowest tertile (Supplementary Table 5). DP3 was strongly 
positively associated with %E from SFA (r 0.73), moder-
ately positively correlated with fibre density (r 0.68) and was 
weakly negatively correlated with %E from discretionary 
foods (r − 0.03), suggesting that participants with higher 
DP3 scores consumed higher amounts of SFA and fibre 
dense food. DP3 was associated with higher butter and veg-
etables intake and lower consumption of spirits and white 
bread (Table 3). Participants in the highest tertile of DP3 
had higher intakes of total fat and fibre when compared with 
those in the lowest tertile (Supplementary Table 5). A full 
list of factor loadings for all dietary patterns is presented in 
Supplementary Table 6.

Dietary patterns and participant characteristics

More individuals in the highest tertile of DP1 were younger, 
smokers, in intermediate and manual occupations and from 
Germany. More individual in the highest tertile of DP2 were 
female, non-smokers, students, and from the Netherlands 
and the United Kingdom. More individuals in the high-
est tertile of DP3 were older, female, non-smokers, retired 
or unemployed, and from Germany, Ireland and Poland 
(Table 1).

Dietary patterns and overweight/obesity

As shown in Table 4, individuals in the highest tertile of 
DP1 (positively correlated with SFA and discretionary 
foods, and negatively with fibre density), had higher odds 
of having overweight/obesity (OR: 2.39; 95% CI 1.75, 3.27). 
These associations remained consistent when DP1 was 
treated as a continuous variable (OR: 1.38; 95% CI 1.23, 
1.55), and when BMI was treated as a continuous variable 
(beta coefficient for BMI per DP unit increase: 0.64; 95% 

CI 0.44, 0.84) (Fig. 1; Supplementary Table 7). Individuals 
in the highest tertile of DP1 also had higher odds of having 
central obesity (OR: 4.27; 95% CI 2.77, 5.56), with results 
remaining consistent when DP1 was treated as a continuous 
outcome (OR: 1.32; 95% CI 1.16, 1.49), and when WC was 
treated as a continuous variable (beta coefficient for WC 
per dietary pattern unit increase: 1.58; 95% CI 1.08, 2.08). 
There was some evidence that DP2 with inversely associated 
with risk of overweight/obesity (Table 4). There was some 
evidence that DP3 was inversely associated with WC when 
treated as a continuous variable (beta coefficient for WC 
per dietary pattern unit increase: − 0.67; 95% CI − 1.32, 
− 0.03; Fig. 1; Supplementary Table 7). After excluding 
energy misreporters, results remained consistent for DP1 and 
all dietary patterns became significantly associated with WC 
(Supplementary Table 8). 

FTO genotype

Overall, 18% of participants were homozygous for the FTO 
risk genotype (Table 1). The proportion of individuals 
homozygous for the FTO risk genotype was higher in indi-
viduals with obesity (20.9%) compared with those without 
obesity (15.9%) (Supplementary Table 4). There was no evi-
dence that dietary patterns were associated with FTO risk 
genotype (DP1: P = 0.77; DP2: P = 0.66; DP3: P = 0.58). 
There was limited evidence of an interaction effect between 
DP1 and FTO risk genotype on obesity outcomes and no 
evidence for DP2 and DP3 (Table 4).

Discussion

This large pan-European study identified a dietary pattern 
high in percentage energy from SFA and discretionary foods 
and beverages and low in fibre density that was associated 
with higher BMI and WC. Although carrying the FTO risk 

Table 2  Explained variation 
(%) in food intakes and nutrient 
response variables for each 
dietary pattern, and correlation 
coefficient between dietary 
patterns and response variables 
(n = 1280)

DP Dietary pattern, SFA saturated fatty acids, %E percentage from total energy intake
1 Explained variation (R square) represents the proportion of the variance accounted for by RRR factors. 
For example, for the nutrient response variables, this is the amount of the dependent variable (response 
variables, i.e., SFA, fibre density and discretionary foods) that is predictable from the independent variable 
(food groups)

DP Explained variation (%)1 Correlation coefficient

Total Nutrient response variables

Food 
group 
intakes

Nutrient 
response vari-
ables

SFA Fibre density Discre-
tionary 
foods

SFA Fibre density Discre-
tionary 
foods

DP1 4.6 46.6 48.8 53.6 37.3 0.59 − 0.62 0.52
DP2 2.7 18.7 55.2 62.3 78.5 − 0.33 0.39 0.86
DP3 3.2 11.7 74.1 78.5 78.5 0.73 0.68 − 0.03
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Table 3  Intake of nutrients 
used as response variables in 
the derivation of the dietary 
patterns and top five positive 
and negative loading food 
groups across tertiles of dietary 
patterns (n = 1280) P for 
trend from unadjusted linear 
regression analysis across 
tertiles of dietary pattern; 
all < 0.001. Tertile 1: n = 427; 
Tertile 2: n = 427; Tertile 3: 
n = 426

Food groups Factor loading Tertiles of dietary pattern

Tertile 1 Tertile 2 Tertile 3

Mean SD Mean SD Mean SD

Dietary pattern 1
 Response variables

  SFA (%E) – 11.7 2.32 14.0 2.13 16.7 2.66
  Fibre density (g/MJ) – 3.70 0.86 2.70 0.56 2.08 0.56
  Discretionary (%E) – 8.19 5.13 12.7 6.68 20.0 11.4

 Positive associations (g/d)
  Sweet biscuits 0.34 12.9 21.4 21.0 36.3 49.4 92.6
  Confectionary 0.33 10.8 12.8 14.8 15.9 33.2 43.5
  Cakes, pastries and pudding 0.25 27.5 26.5 31.2 24.5 58.8 64.7
  Butter 0.25 3.38 7.78 4.68 8.88 10 18.4
  Pizza and snacks 0.21 24.3 24.4 32.0 26.2 49.6 54.2

 Negative associations (g/d)
  High fibre cereals − 0.16 85.6 118 44.2 64.7 31.8 52.7
  Whole meal pasta and rice − 0.17 36.6 58.4 16.2 26.7 11.6 23.7
  Whole meal breads − 0.21 148 167 70.7 85.7 64.0 100
  Vegetables − 0.23 208 129 147 88 123 78.1
  Fruits − 0.31 421 311 229 162 178 143

Dietary pattern 2
 Response variables

  SFA (%E) – 15.6 3.09 13.6 2.65 13.2 3.09
  Fibre density (g/MJ) – 2.39 0.67 2.88 0.81 3.22 1.08
  Discretionary (%E) – 8.49 4.99 12.3 6.38 20.1 11.7

Positive associations (g/d)
  Confectionary 0.39 12.4 14.7 15.0 16.0 31.3 43.7
  Sweet biscuits 0.34 12.4 22.5 16.9 24.1 54 94.6
  Cakes, pastries and pudding 0.25 30.7 29.8 33.7 28.7 53.1 63.7
  Fruits 0.25 205 171 253 195 371 308
  Crisps and savory snacks 0.17 3.08 6.69 3.29 6.03 5.50 10.2

 Negative associations (g/d)
  Beef and veal − 0.16 61.0 76.8 43.1 35.7 42.1 42.0
  Butter − 0.17 9.96 16.2 4.59 9.12 3.46 11.4
  Eggs and egg dishes − 0.18 41.8 52.2 26.6 30.5 24.2 30.7
  Cheese − 0.20 27.2 29.7 17.0 18.4 15.2 18.0
  Whole milk − 0.23 313 368 169 206 130 205

Dietary pattern 3
 Response variables

  SFA (%E) – 12.8 2.43 13.9 2.70 15.6 3.51
  Fibre density (g/MJ) – 2.35 0.64 2.89 0.78 3.25 1.09
  Discretionary (%E) – 14.0 9.57 13.8 9.22 13.1 9.84

 Positive associations (g/d)
  Butter 0.37 2.17 6.30 3.79 6.94 12.1 18.9
  Vegetables 0.30 124 75.6 139 76.2 214 135
  Fruit 0.29 193 166 248 169 387 317
  Cheese 0.23 14.1 18.1 17.4 18.3 27.9 29.4
  Tea and Coffee 0.17 351 404 428 442 582 527

 Negative associations (g/d)
  Spirits and other − 0.15 7.13 14.86 4.17 8.04 2.98 7.29
  White bread − 0.20 266 348 155 128 186 163
  Sugar containing soft drinks − 0.20 72.2 213 33.9 73.4 26.3 58.9
  Non-fried poultry − 0.25 57.7 43.4 35.3 30.9 31.8 36.9
  Beer and cider − 0.28 162 236 65.6 106 45.4 94.7
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genotype was also associated with higher BMI and WC, no 
interaction was observed between this dietary pattern and 
the FTO genotype. These findings highlight the importance 
of limiting intake of high SFA and low fibre discretionary 
foods for maintaining a healthy weight, regardless of genetic 
predisposition to obesity from the FTO genotype.

The dietary pattern characterised by high intake of discre-
tionary food and beverages identified in this study is compa-
rable with energy-dense dietary patterns identified in previ-
ous studies [11, 42]. While no studies in adults have used 
reduced rank regression with these response variables, a 
prospective study of 521 children living in the UK identified 
an energy dense and low fibre dietary pattern high in crisps 
and snacks, chocolate, and confectionery that was associated 
with higher fat mass and greater odds of excess adiposity in 
childhood [42]. Our present study is the first to derive dietary 
patterns based on the Food Standards Scotland definition of 
discretionary foods, which does not include processed meat 
and most alcoholic beverages. Thus, in contrast with our 
study, most energy-dense dietary patterns identified in adult 
populations typically include processed meats and alcohol 
[43, 44]. For example, in a cross-sectional study of 2 197 UK 
adults, cluster analyses of weighed dietary records identified 
a prevalent dietary pattern in men as “beer and conveni-
ence foods,” which included high intakes of processed meat, 
chips and beer [44]. This dietary pattern was often consumed 

by smokers and participants in manual occupations as was 
dietary pattern 1 in our present study. Although some high 
sugar alcoholic beverages were included in the response var-
iable used to derive the discretionary dietary pattern (DP1) 
in our study, as expected, alcoholic beverages loaded low in 
the resulting pattern.

Consistent with our findings, previous research has shown 
positive associations between a high discretionary food die-
tary pattern and BMI and WC [45, 46]. In a cross-sectional 
nationally representative sample of 4,908 Australian adults, a 
high-fat and low fibre dietary pattern, derived using reduced 
rank regression, was positively associated with prevalence 
of overall and central obesity [11]. Furthermore, a study in a 
cross-sectional and nationally representative sample of 9,688 
US adults showed that dietary energy density was positively 
associated with BMI and WC [46]. However, some energy-
dense foods are also nutrient-dense (e. g. cheese and nuts), 
and are thus not synonymous with discretionary foods. As 
relatively few studies have derived dietary patterns using 
reduced rank regression, and no studies have used percent 
energy from discretionary foods and beverages as a response 
variable, direct comparisons with previous studies are not 
possible. Nonetheless, prospective research in children sug-
gests that diets characterised by energy-dense foods high 
in fat and low in fibre are associated with higher odds of 
obesity [42]. Further prospective studies in adults are needed 

Table 3  (continued) SFA saturated fatty acids, %E percentage from total energy intake
1 

Fig. 1  Association of the dietary pattern scores with body mass index (A) and waist circumference (B). Data are presented as adjusted means 
and their 95% CI; adjusted for age, sex, smoking status, country, physical activity, and energy misreporting



European Journal of Nutrition 

1 3

Ta
bl

e 
4 

 A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
di

et
ar

y 
pa

tte
rn

s a
nd

 a
nt

hr
op

om
et

ric
s, 

w
ith

 in
te

ra
ct

io
n 

eff
ec

ts
 b

y 
FT

O
 g

en
ot

yp
e 

(n
 =

 12
80

)

T 
te

rti
le

, W
C

 w
ai

st 
ci

rc
um

fe
re

nc
e

a  Fo
r a

 o
ne

-u
ni

t i
nc

re
as

e 
in

 th
e 

di
et

ar
y 

pa
tte

rn
 p

re
di

ct
or

 v
ar

ia
bl

e,
 th

e 
od

ds
 o

f o
ve

rw
ei

gh
t/o

be
si

ty
 a

nd
 “

at
 ri

sk
” 

W
C

 (t
he

 d
ep

en
de

nt
 v

ar
ia

bl
es

) b
ei

ng
 p

os
iti

ve
 (=

 1)
 in

cr
ea

se
s 

by
 fa

ct
or

 ‘X
’, 

ho
ld

in
g 

ag
e,

 se
x,

 sm
ok

in
g 

st
at

us
, c

ou
nt

ry
, p

hy
si

ca
l a

ct
iv

ity
, a

nd
 e

ne
rg

y 
m

is
re

po
rti

ng
 c

on
st

an
t

b  P 
fo

r t
re

nd
 a

cr
os

s t
er

til
es

 o
f d

ie
ta

ry
 p

at
te

rn
s. 

Lo
gi

sti
c 

re
gr

es
si

on
 a

na
ly

se
s w

er
e 

ad
ju

ste
d 

fo
r a

ge
, s

ex
, s

m
ok

in
g 

st
at

us
, c

ou
nt

ry
, p

hy
si

ca
l a

ct
iv

ity
, a

nd
 e

ne
rg

y 
m

is
re

po
rti

ng
c  P 

fo
r 

in
te

ra
ct

io
n 

of
 F

TO
 r

s9
93

97
60

9 
ge

no
ty

pe
 (

ca
te

go
ric

al
) 

on
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
di

et
ar

y 
pa

tte
rn

 (
co

nt
in

uo
us

 a
nd

 c
at

eg
or

ic
al

) 
an

d 
an

th
ro

po
m

et
ric

s. 
Lo

gi
sti

c 
re

gr
es

si
on

 a
na

ly
se

s 
w

er
e 

ad
ju

ste
d 

fo
r a

ge
, s

ex
, s

m
ok

in
g 

st
at

us
, c

ou
nt

ry
, p

hy
si

ca
l a

ct
iv

ity
, a

nd
 e

ne
rg

y 
m

is
re

po
rti

ng
d  U

nd
er

w
ei

gh
t/n

or
m

al
 w

ei
gh

t: 
bo

dy
 m

as
s i

nd
ex

 <
 25

 k
g/

m
2 , O

ve
rw

ei
gh

t/o
be

si
ty

: b
od

y 
m

as
s i

nd
ex

 ≥
 25

 k
g/

m
2

e  A
t r

is
k 

W
C

: W
C

 ≥
 10

2 
cm

 fo
r m

en
 a

nd
 ≥

 88
 c

m
 fo

r w
om

en

D
ie

ta
ry

 p
at

te
rn

 (c
on

tin
uo

us
)

D
ie

ta
ry

 p
at

te
rn

 (t
er

til
es

)

O
dd

s  r
at

io
a

95
%

 C
I

P 
 va

lu
ea

P i
nt

er
ac

tio
nc

Te
rti

le
 1

 (r
ef

)
Te

rti
le

 2
Te

rti
le

 3
P t

re
nd

b
P i

nt
er

ac
tio

nc

O
dd

s r
at

io
O

dd
s r

at
io

95
%

 C
I

O
dd

s r
at

io
95

%
 C

I

O
ve

rw
ei

gh
t/o

be
si

ty
d

 D
ie

ta
ry

 p
at

te
rn

 1
1.

38
1.

23
, 1

.5
5

 <
 0.

00
1

0.
47

1.
00

1.
67

1.
23

, 2
.2

8
2.

39
1.

75
, 3

.2
7

 <
 0.

00
1

0.
96

 D
ie

ta
ry

 p
at

te
rn

 2
0.

93
0.

82
, 1

.0
6

0.
28

0.
84

1.
00

0.
79

0.
59

, 1
.0

7
0.

71
0.

52
, 0

.9
7

0.
02

8
0.

95
 D

ie
ta

ry
 p

at
te

rn
 3

0.
90

0.
79

, 1
.0

3
0.

12
0.

64
1.

00
0.

91
0.

67
, 1

.2
3

0.
88

0.
64

, 1
.2

2
0.

44
0.

92
A

t r
is

k 
 W

C
d

 D
ie

ta
ry

 p
at

te
rn

 1
1.

32
1.

16
, 1

.4
9

 <
 0.

00
1

0.
10

1.
00

1.
58

1.
10

, 2
.2

7
1.

96
1.

10
, 2

.2
7

 <
 0.

00
1

0.
68

 D
ie

ta
ry

 p
at

te
rn

 2
1.

01
0.

88
, 1

.1
7

0.
89

0.
40

1.
00

0.
77

0.
54

, 1
.0

8
0.

84
0.

59
, 1

.1
9

0.
31

0.
21

 D
ie

ta
ry

 p
at

te
rn

 3
0.

89
0.

77
, 1

.0
4

0.
14

0.
45

1.
00

0.
81

0.
57

, 1
.1

6
0.

78
0.

54
, 1

.1
4

0.
20

0.
99



 European Journal of Nutrition

1 3

to confirm whether this discretionary food dietary pattern 
contributes towards the development of obesity.

Evidence for an interaction effect of dietary patterns and 
FTO genotype on obesity risk remains inconclusive [47]. 
Previous cross-sectional analysis in this cohort has shown 
some evidence of an interaction between sugar-sweetened 
beverage intake and FTO genotype, but there was no evi-
dence of interactions with nutrient intakes and overall diet 
quality, as estimated using the HEI-2010 and Mediterranean 
Diet Score [47]. In contrast, a cross-sectional and case–con-
trol study in Middle Eastern adults and the PREDIMED 
randomised controlled trial have shown some evidence of 
diet–gene interactions for specific nutrients, such as fibre 
and total fat, and the Mediterranean diet [48–50]. However, 
these studies included either non-Caucasian populations or 
participants at high risk of cardiovascular disease, which 
limits comparability with our present study. Moreover, since 
more than 100 genetic variants are associated with obesity 
[51], further research on this topic should use polygenic risk 
scores, based on multiple SNPs, to define genetic predisposi-
tion to obesity.

Several limitations should be acknowledged. All data col-
lected during the study were self-reported with the poten-
tial for measurement errors, such as misreporting of energy 
intake. Nonetheless, protocols were standardised across all 
centres, delivered in the language of each country and par-
ticipants were assisted in their recording of information, and 
in sample collection, by the provision of detailed instruc-
tions, video clips and frequently asked questions. Further-
more, an embedded validation study in which anthropomet-
ric measurements were replicated by a trained researcher 
showed good agreement with self-reported values [34] and 
the FFQ has been validated against 4-day weighed food 
records [25]. Reverse causality cannot be discounted due to 
the cross-sectional study design and, although we adjusted 
for key confounders known to impact our associations, 
residual confounding may remain. Regarding the dietary 
patterns, although the food groups used were based on the 
UK National Diet and Nutrition Survey and the response 
variables were selected based on published literature, the 
number and choice of food groups and response variables are 
somewhat subjective and may have influenced the derived 
dietary patterns. Finally, the diet–gene interactions, particu-
larly between DP1 and FTO on WC, require testing in a 
larger cohort to determine whether results were due to the 
study being insufficiently powered to detect interactions. 
The present study had a number of strengths. The Food4Me 
study included participants from seven European countries. 
Although the sample was self-selected adults who may be 
more health-conscious than the general population, partici-
pants had similar lifestyle behaviours to the European adult 
population with potential to benefit from improvements in 
diet and lifestyle behaviours. A further strength of our study 

was the use of reduced rank regression, which utilised both 
prior knowledge of nutrients known to be associated with 
obesity risk and data-driven dietary pattern methods.

In conclusion, this pan-European study identified a 
dietary pattern high in percentage energy from SFA and 
discretionary foods and beverages, and low in fibre density 
that was associated with higher odds of overall and cen-
tral obesity. While the FTO risk genotype was associated 
with higher odds of overall and central obesity, there was 
no interaction effect between this dietary pattern and FTO 
genotype. These findings have the potential to inform food- 
and nutrient-based dietary guidelines for obesity prevention, 
because our results reinforce recommendations to increase 
consumption of foods high in fibre, such as fruit, vegetables 
and wholegrains, while minimising intake of discretionary 
foods high in SFA and low in fibre. Future research should 
confirm these findings by examining prospective associa-
tions with obesity risk.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00394- 022- 02858-3.

Author contributions CCM, KML and JCM had full access to all of 
the data in the study and take responsibility for the integrity of the data 
and the accuracy of the data analysis. The corresponding author had 
full access to all the data in the study and had final responsibility for 
the decision to submit for publication. Study concept and design: KML, 
CCM and JCM. All authors contributed to the acquisition, analysis 
or interpretation of data. Drafting of the manuscript: KML and BB. 
Statistical analysis: KML and BB. Critical revision and final approval 
of the manuscript: All authors contributed to critical review of the 
manuscript during the writing process and approved the final version 
to be published.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions. This work was supported by the European 
Commission under the Food, Agriculture, Fisheries and Biotechnology 
Theme of the Seventh Framework Programme for Research and Tech-
nological Development [265494]. The sponsor had no role in the study 
design or conduct, data collection, management, analysis or interpreta-
tion, manuscript preparation, review or approval. KML is supported by 
a National Health and Medical Research Council Emerging Leadership 
Fellowship (APP1173803).

Data availability The data sets used and/or analysed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Code availability Not Applicable.

Declarations 

Conflict of interests CAD has shares in Vitas Ltd, and CAD is a board 
member and consultant in Vitas Ltd; no other conflict of interests. 
WHMS has received research support from several food companies 
such as Nestle, DSM, Unilever, Nutrition et Sante and Danone as well 
as pharmaceutical companies such as GSK, Novartis and Novo Nor-
disk and grants from the European Union. He is an unpaid scientific 
adviser for the International Life Science Institute, ILSI Europe. MG 

https://doi.org/10.1007/s00394-022-02858-3


European Journal of Nutrition 

1 3

reports that he is a non-remunerated member of the Google Food In-
novation Lab Community of Practice on Personalized Nutrition. He is 
also leading an international project on confectionery intakes funded 
by industry. JCM reports grants from European Union, during the 
conduct of the study; grants and personal fees from Medical Research 
Council, grants and personal fees from Biotechnology and Biological 
Sciences Research Council, personal fees and non-financial support 
from Waltham Pet Nutrition, personal fees and non-financial support 
from University of Wageningen, The Netherlands, non-financial sup-
port from Technical University Munich, non-financial support from 
University College Dublin, non-financial support from University of 
Groningen, The Netherlands, non-financial support from University 
of Maastricht, The Netherlands, outside the submitted work. JAL has 
received research funding outside of the submitted work from Medical 
Research Council, Biotechnology and Biological Sciences Research 
Council and European Union with in kind provision of foods from 
Arla, AAK and Unilever and research funding from the Dairy Council, 
UK. She was a member of the UK Government’s Scientific Advisory 
Committee for Nutrition (SACN) and a member of SACNs Carbohy-
drate Working Group and Saturated Fats Working Group during and 
after the study.

Ethics approval and consent to participate Each university or research 
centre delivering the intervention obtained Research Ethics Committee 
approval for the study from their relevant local or national committee 
(Technische Universität München, Harokopio University, University 
College Dublin, Maastricht University, Instytut Żywności i Żywienia, 
University of Navarra and University of Reading). All participants 
provided consent.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. World Health Organization (2020) Overweight and oesity WHO 
Fact Sheet. https:// www. who. int/ news- room/ fact- sheets/ detail/ 
obesi ty- and- overw eight. Accessed 9 March 2021

 2. Eurostat (2021) Body mass index (BMI) by sex, age and educa-
tional attainment level. https:// ec. europa. eu/ euros tat/ datab rowser/ 
view/ HLTH_ EHIS_ BM1E__ custom_ 813099/ defau lt/ table? lang= 
en.

 3. Gakidou E, Afshin A, Abajobir AA, Abate KH, Abbafati C, Abbas 
KM, Abd-Allah F, Abdulle AM, Abera SF, Aboyans V, Abu-
Raddad LJ, Abu-Rmeileh NME, Abyu GY, Adedeji IA, Adetokun-
boh O et al (2017) Global, regional, and national comparative risk 
assessment of 84 behavioural, environmental and occupational, 
and metabolic risks or clusters of risks, 1990–2016: a systematic 
analysis for the Global Burden of Disease Study 2016. The Lancet 

390(10100):1345–1422. https:// doi. org/ 10. 1016/ S0140- 6736(17) 
32366-8

 4. Brand-Miller JC, Barclay AW (2017) Declining consumption of 
added sugars and sugar-sweetened beverages in Australia: a chal-
lenge for obesity prevention. Am J Clin Nutr 105(4):854–863. 
https:// doi. org/ 10. 3945/ ajcn. 116. 145318% JTheA meric anJou rnalo 
fClin icalN utrit ion

 5. Sacks FM, Lichtenstein AH, Wu JHY, Appel LJ, Creager MA, 
Kris-Etherton PM, Miller M, Rimm EB, Rudel LL, Robinson JG, 
Stone NJ, Horn LVV (2017) Dietary Fats and Cardiovascular Dis-
ease: A Presidential Advisory From the American Heart Associa-
tion. 136 (3):e1-e23. doi:doi:https:// doi. org/ 10. 1161/ CIR. 00000 
00000 000510

 6. Howard Barbara V, Wylie-Rosett J (2002) Sugar and cardiovascu-
lar disease. Circulation 106(4):523–527. https:// doi. org/ 10. 1161/ 
01. CIR. 00000 19552. 77778. 04

 7. Anderson JJ, Gray SR, Welsh P, Mackay DF, Celis-Morales CA, 
Lyall DM, Forbes J, Sattar N, Gill JMR, Pell JP (2020) The asso-
ciations of sugar-sweetened, artificially sweetened and naturally 
sweet juices with all-cause mortality in 198,285 UK Biobank par-
ticipants: a prospective cohort study. BMC Med 18(1):97. https:// 
doi. org/ 10. 1186/ s12916- 020- 01554-5

 8. Singh GM, Micha R, Khatibzadeh S, Lim S, Ezzati M, Mozaffar-
ian D (2015) Estimated global, regional, and national disease bur-
dens related to sugar-sweetened beverage consumption in 2010. 
132 (8):639-666. doi:doi:https:// doi. org/ 10. 1161/ CIRCU LATIO 
NAHA. 114. 010636

 9. Schulze MB, Martínez-González MA, Fung TT, Lichtenstein AH, 
Forouhi NG (2018) Food based dietary patterns and chronic dis-
ease prevention. BMJ 361. 10.1136/bmj.k2396

 10. Hoffmann K, Schulze MB, Schienkiewitz A, Nöthlings U, Boe-
ing H (2004) Application of a new statistical method to derive 
dietary patterns in nutritional epidemiology. Am J Epidemiol 
159(10):935–944. https:// doi. org/ 10. 1093/ aje/ kwh134

 11. Livingstone KM, McNaughton S (2017) Dietary patterns by 
reduced rank regression are associated with obesity and hyper-
tension in Australian adults. Br J Nutr. https:// doi. org/ 10. 1017/ 
S0007 11451 60045 05

 12. Australian Government National Health and Medical Research 
Council Department of Health and Ageing (2013) Eat for Health. 
Australian Dietary Guidelines.

 13. Aljadani H, Patterson A, Sibbritt D, Collins C (2013) The associa-
tion between diet quality and weight change in adults over time: 
a systematic review of prospective cohort studies. In: Preedy 
VR, Hunter L-A, Patel VB (eds) Diet quality: an evidence-based 
approach, Volume 2. Springer New York, New York, NY, pp 
3–27. https:// doi. org/ 10. 1007/ 978-1- 4614- 7315-2_1

 14. Hosseini-Esfahani F, Koochakpoor G, Daneshpour MS, Sed-
aghati-Khayat B, Mirmiran P, Azizi F (2017) Mediterranean 
dietary pattern adherence modify the association between FTO 
genetic variations and obesity phenotypes. Nutrients 9 (10). 
https:// doi. org/ 10. 3390/ nu910 1064

 15. San-Cristobal R, Navas-Carretero S, Livingstone KM, Celis-
Morales C, Macready AL, Fallaize R, O’Donovan CB, Lambrinou 
CP, Moschonis G, Marsaux CFM, Manios Y, Jarosz M, Daniel 
H, Gibney ER, Brennan L et al (2017) Mediterranean diet adher-
ence and genetic background roles within a web-based nutritional 
intervention: the food4me study. Nutrients 9(10):1107. https:// doi. 
org/ 10. 3390/ nu910 1107

 16. Yeo GSH (2014) The role of the FTO (Fat Mass and Obesity 
Related) locus in regulating body size and composition. Mol Cell 
Endocrinol 397(1):34–41. https:// doi. org/ 10. 1016/j. mce. 2014. 09. 
012

 17. Livingstone KM, Celis-Morales C, Lara J, Ashor AW, Lovegrove 
JA, Martinez JA, Saris WH, Gibney M, Manios Y, Traczyk I, 
Drevon CA, Daniel H, Gibney ER, Brennan L, Bouwman J et al 

http://creativecommons.org/licenses/by/4.0/
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://ec.europa.eu/eurostat/databrowser/view/HLTH_EHIS_BM1E__custom_813099/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/HLTH_EHIS_BM1E__custom_813099/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/HLTH_EHIS_BM1E__custom_813099/default/table?lang=en
https://doi.org/10.1016/S0140-6736(17)32366-8
https://doi.org/10.1016/S0140-6736(17)32366-8
https://doi.org/10.3945/ajcn.116.145318%JTheAmericanJournalofClinicalNutrition
https://doi.org/10.3945/ajcn.116.145318%JTheAmericanJournalofClinicalNutrition
https://doi.org/10.1161/CIR.0000000000000510
https://doi.org/10.1161/CIR.0000000000000510
https://doi.org/10.1161/01.CIR.0000019552.77778.04
https://doi.org/10.1161/01.CIR.0000019552.77778.04
https://doi.org/10.1186/s12916-020-01554-5
https://doi.org/10.1186/s12916-020-01554-5
https://doi.org/10.1161/CIRCULATIONAHA.114.010636
https://doi.org/10.1161/CIRCULATIONAHA.114.010636
https://doi.org/10.1093/aje/kwh134
https://doi.org/10.1017/S0007114516004505
https://doi.org/10.1017/S0007114516004505
https://doi.org/10.1007/978-1-4614-7315-2_1
https://doi.org/10.3390/nu9101064
https://doi.org/10.3390/nu9101107
https://doi.org/10.3390/nu9101107
https://doi.org/10.1016/j.mce.2014.09.012
https://doi.org/10.1016/j.mce.2014.09.012


 European Journal of Nutrition

1 3

(2015) Associations between FTO genotype and total energy and 
macronutrient intake in adults: a systematic review and meta-
analysis. Obes Rev 16(8):666–678. https:// doi. org/ 10. 1111/ obr. 
12290

 18. Naja F, Itani L, Hammoudeh S, Manzoor S, Abbas N, Radwan H, 
Saber-Ayad M (2021) Dietary patterns and their associations with 
the FTO and FGF21 gene variants among emirati adults. Frontiers 
in Nutrition 8 (211). doi:https:// doi. org/ 10. 3389/ fnut. 2021. 668901

 19. Lal A, Peeters A, Brown V, Nguyen P, Tran HNQ, Nguyen T, 
Tonmukayakul U, Sacks G, Calache H, Martin J, Moodie M, 
Ananthapavan J (2020) The modelled population obesity-related 
health benefits of reducing consumption of discretionary foods 
in Australia. Nutrients 12(3):649. https:// doi. org/ 10. 3390/ nu120 
30649

 20. Livingstone KM, Sexton-Dhamu MJ, Pendergast FJ, Worsley 
A, Brayner B, McNaughton SA (2021) Energy-dense dietary 
patterns high in free sugars and saturated fat and associations 
with obesity in young adults. Eur J Nutr. https:// doi. org/ 10. 1007/ 
s00394- 021- 02758-y

 21. Bell L, Edwards S, Grieger J (2015) The Relationship between 
dietary patterns and metabolic health in a representative sample 
of adult Australians. Nutrients 7(8):5295

 22. Food4Me (2016) An integrated analysis of opportunities and chal-
lenges for personalised nutrition 2016. http:// www. food4 me. org/. 
2021

 23. Baecke JA, Burema J, Frijters JE (1982) A short questionnaire for 
the measurement of habitual physical activity in epidemiological 
studies. Am J Clin Nutr 36(5):936–942. https:// doi. org/ 10. 1093/ 
ajcn/ 36.5. 936

 24. Forster H, Fallaize R, Gallagher C, O’Donovan CB, Woolhead C, 
Walsh MC, Macready AL, Lovegrove JA, Mathers JC, Gibney MJ, 
Brennan L, Gibney ER (2014) Online dietary intake estimation: 
the Food4Me food frequency questionnaire. J Med Internet Res 
16(6):e150. https:// doi. org/ 10. 2196/ jmir. 3105

 25. Fallaize R, Forster H, Macready AL, Walsh MC, Mathers JC, 
Brennan L, Gibney ER, Gibney MJ, Lovegrove JA (2014) Online 
dietary intake estimation: reproducibility and validity of the 
Food4Me food frequency questionnaire against a 4-day weighed 
food record. J Med Internet Res 16(8):e190. https:// doi. org/ 10. 
2196/ jmir. 3355

 26. Marshall SJ, Livingstone KM, Celis-Morales C, Forster H, Fal-
laize R, O'Donovan CB, Woolhead C, Marsaux CF, Macready 
AL, Navas-Carretero S, San-Cristobal R, Kolossa S, Tsirigoti L, 
Lambrinou CP, Moschonis G, Godlewska M, Surwiłło A, Drevon 
CA, Manios Y, Traczyk I, Martínez JA, Saris WH, Daniel H, 
Gibney ER, Brennan L, Walsh MC, Lovegrove JA, Gibney M, 
Mathers JC (2016) Food4Me Study. Reproducibility of the Online 
Food4Me Food-Frequency Questionnaire for Estimating Dietary 
Intakes across Europe. J Nutr 146(5):1068–1075. https:// doi. org/ 
10. 3945/ jn. 115. 225078

 27. Food Standards Agency (2002) McCance and Widdowson's The 
Composition of Foods. Sixth summary edition edn. Royal Society 
of Chemistry, Cambridge

 28. Food Standards Scotland (2018) Briefing paper on discretionary 
foods. https:// www. foods tanda rds. gov. scot/ publi catio ns- and- resea 
rch/ publi catio ns/ briefi ng- on- discr etion ary- foods. Accessed 20 Jan 
2021

 29. Livingstone KM, Celis-Morales C, Navas-Carretero S, San-
Cristobal R, Forster H, Woolhead C, O’Donovan CB, Moschonis 
G, Manios Y, Traczyk I, Gundersen TE, Drevon CA, Marsaux 
CFM, Fallaize R, Macready AL et al (2021) Personalised nutri-
tion advice reduces intake of discretionary foods and bever-
ages: findings from the Food4Me randomised controlled trial. 
Int J Behav Nutr Phys Act 18(1):70. https:// doi. org/ 10. 1186/ 
s12966- 021- 01136-5

 30. Hoffmann K (2004) Application of a new statistical method to 
derive dietary patterns in nutritional epidemiology. Am J Epide-
miol 159(10):935–944. https:// doi. org/ 10. 1093/ aje/ kwh134

 31. Public Health England (2020) National Diet and Nutrition Survey: 
results from Years 9 to 11 (combined) of the rolling programme 
for 2016 to 2017 and 2018 to 2019.

 32. Food Standards Scotland (2018) Briefing paper on discretionary 
foods.

 33. World Health Organization (2003) Diet, nutrition and the preven-
tion of chronic diseases. Joint FAO/WHO expert consultation. 
WHO technical report series. World Health Organization, Geneva

 34. Celis-Morales C, Livingstone KM, Woolhead C, Forster H, 
O’Donovan CB, Macready AL, Fallaize R, Marsaux CFM, 
Tsirigoti L, Efstathopoulou E, Moschonis G, Navas-Carretero S, 
San-Cristobal R, Kolossa S, Klein UL et al (2015) How reliable is 
internet-based self-reported identity, socio-demographic and obe-
sity measures in European adults? Genes Nutr 10(5):28. https:// 
doi. org/ 10. 1007/ s12263- 015- 0476-0

 35. World Health Organization (2015) BMI classification. http:// apps. 
who. int/ bmi/ index. jsp? intro- Page= intro_3. html.

 36. World Health Organization (2008) Waist Circumference and 
Waist-Hip Ratio: Report of a WHO Expert Consultation. Geneva

 37. European Commission (2015) European skills, competences, qual-
ifications and occupations. https:// ec. europa. eu/ esco/ web/ guest/ 
hiera rchyb rowse r/-/ brows er/ Occup ation (accessed June 2020).

 38. World Health Organization (2010) Global Recommendations on 
Physical Activity for Health. https:// apps. who. int/ iris/ bitst ream/ 
handle/ 10665/ 44399/ 97892 41599 979_ eng. pdf; jsess ionid= C4CC8 
7EEAC 23E91 9A8D5 9FB1B E5879 BB? seque nce=1. 14 July 2020

 39. Henry CJK (2005) Basal metabolic rate studies in humans: meas-
urement and development of new equations. Public Health Nutr 
8(7a):1133–1152. https:// doi. org/ 10. 1079/ PHN20 05801

 40. Hébert JR, Peterson KE, Hurley TG, Stoddard AM, Cohen N, 
Field AE, Sorensen G (2001) The effect of social desirability trait 
on self-reported dietary measures among multi-ethnic female 
health center employees. Ann Epidemiol 11(6):417–427. https:// 
doi. org/ 10. 1016/ s1047- 2797(01) 00212-5

 41. Livingstone KM, Celis-Morales C, Macready AL, Fallaize R, For-
ster H, Woolhead C, O’Donovan CB, Marsaux CF, Navas-Car-
retero S, San-Cristobal R, Kolossa S, Tsirigoti L, Lambrinou CP, 
Moschonis G, Surwiłło A et al (2017) Characteristics of European 
adults who dropped out from the Food4Me Internet-based per-
sonalised nutrition intervention. Public Health Nutr 20(1):53–63. 
https:// doi. org/ 10. 1017/ s1368 98001 60020 20

 42. Johnson L, Mander AP, Jones LR, Emmett PM, Jebb SA (2008) 
Energy-dense, low-fiber, high-fat dietary pattern is associated with 
increased fatness in childhood. Am J Clin Nutr 87(4):846–854. 
https:// doi. org/ 10. 1093/ ajcn/ 87.4. 846

 43. Sprake EF, Russell JM, Cecil JE, Cooper RJ, Grabowski P, Pour-
shahidi LK, Barker ME (2018) Dietary patterns of university stu-
dents in the UK: a cross-sectional study. Nutr J 17(1):90. https:// 
doi. org/ 10. 1186/ s12937- 018- 0398-y

 44. Pryer JA, Nichols R, Elliott P, Thakrar B, Brunner E, Marmot M 
(2001) Dietary patterns among a national random sample of Brit-
ish adults. J Epidemiol Community Health 55(1):29–37. https:// 
doi. org/ 10. 1136/ jech. 55.1. 29

 45. Appannah G, Pot GK, Huang RC, Oddy WH, Beilin LJ, Mori TA, 
Jebb SA, Ambrosini GL (2015) Identification of a dietary pattern 
associated with greater cardiometabolic risk in adolescence. Nutr 
Metab Cardiovasc Dis 25(7):643–650. https:// doi. org/ 10. 1016/j. 
numecd. 2015. 04. 007

 46. Mendoza JA, Drewnowski A, Christakis DA (2007) Dietary 
Energy Density Is Associated With Obesity and the Meta-
bolic Syndrome in U.S. Adults. Diabetes Care 30 (4):974–979. 
doi:https:// doi. org/ 10. 2337/ dc06- 2188

https://doi.org/10.1111/obr.12290
https://doi.org/10.1111/obr.12290
https://doi.org/10.3389/fnut.2021.668901
https://doi.org/10.3390/nu12030649
https://doi.org/10.3390/nu12030649
https://doi.org/10.1007/s00394-021-02758-y
https://doi.org/10.1007/s00394-021-02758-y
http://www.food4me.org/
https://doi.org/10.1093/ajcn/36.5.936
https://doi.org/10.1093/ajcn/36.5.936
https://doi.org/10.2196/jmir.3105
https://doi.org/10.2196/jmir.3355
https://doi.org/10.2196/jmir.3355
https://doi.org/10.3945/jn.115.225078
https://doi.org/10.3945/jn.115.225078
https://www.foodstandards.gov.scot/publications-and-research/publications/briefing-on-discretionary-foods
https://www.foodstandards.gov.scot/publications-and-research/publications/briefing-on-discretionary-foods
https://doi.org/10.1186/s12966-021-01136-5
https://doi.org/10.1186/s12966-021-01136-5
https://doi.org/10.1093/aje/kwh134
https://doi.org/10.1007/s12263-015-0476-0
https://doi.org/10.1007/s12263-015-0476-0
http://apps.who.int/bmi/index.jsp?intro-Page=intro_3.html
http://apps.who.int/bmi/index.jsp?intro-Page=intro_3.html
https://ec.europa.eu/esco/web/guest/hierarchybrowser/-/browser/Occupation
https://ec.europa.eu/esco/web/guest/hierarchybrowser/-/browser/Occupation
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf;jsessionid=C4CC87EEAC23E919A8D59FB1BE5879BB?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf;jsessionid=C4CC87EEAC23E919A8D59FB1BE5879BB?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf;jsessionid=C4CC87EEAC23E919A8D59FB1BE5879BB?sequence=1
https://doi.org/10.1079/PHN2005801
https://doi.org/10.1016/s1047-2797(01)00212-5
https://doi.org/10.1016/s1047-2797(01)00212-5
https://doi.org/10.1017/s1368980016002020
https://doi.org/10.1093/ajcn/87.4.846
https://doi.org/10.1186/s12937-018-0398-y
https://doi.org/10.1186/s12937-018-0398-y
https://doi.org/10.1136/jech.55.1.29
https://doi.org/10.1136/jech.55.1.29
https://doi.org/10.1016/j.numecd.2015.04.007
https://doi.org/10.1016/j.numecd.2015.04.007
https://doi.org/10.2337/dc06-2188


European Journal of Nutrition 

1 3

 47. Livingstone KM, Celis-Morales C, Navas-Carretero S, San-Cris-
tobal R, Forster H, O’Donovan CB, Woolhead C, Marsaux CFM, 
Macready AL, Fallaize R, Kolossa S, Tsirigoti L, Lambrinou CP, 
Moschonis G, Godlewska M et al (2016) Fat mass- and obesity-
associated genotype, dietary intakes and anthropometric measures 
in European adults: the Food4Me study. Br J Nutr 115(3):440–
448. https:// doi. org/ 10. 1017/ S0007 11451 50046 75

 48. Hosseini-Esfahani F, Koochakpoor G, Daneshpour MS, Mirmiran 
P, Sedaghati-khayat B, Azizi F (2017) The interaction of fat mass 
and obesity associated gene polymorphisms and dietary fiber 
intake in relation to obesity phenotypes. Sci Rep 7(1):18057. 
https:// doi. org/ 10. 1038/ s41598- 017- 18386-8

 49. Razquin C, Martinez JA, Martinez-Gonzalez MA, Bes-Rastrollo 
M, Fernández-Crehuet J, Marti A (2010) A 3-year intervention 

with a Mediterranean diet modified the association between the 
rs9939609 gene variant in FTO and body weight changes. Int J 
Obes (Lond) 34(2):266–272. https:// doi. org/ 10. 1038/ ijo. 2009. 233

 50. Saber-Ayad M, Manzoor S, Radwan H, Hammoudeh S, Wardeh R, 
Ashraf A, Jabbar H, Hamoudi R (2019) The FTO genetic variants 
are associated with dietary intake and body mass index amongst 
Emirati population. PLoS ONE 14(10):e0223808. https:// doi. org/ 
10. 1371/ journ al. pone. 02238 08

 51. Castillo JJ, Orlando RA, Garver WS (2017) Gene-nutrient interac-
tions and susceptibility to human obesity. Genes Nutr 12:29–29. 
https:// doi. org/ 10. 1186/ s12263- 017- 0581-3

Authors and Affiliations

Katherine M. Livingstone1  · Barbara Brayner1 · Carlos Celis‑Morales2,3 · George Moschonis4 · Yannis Manios4 · 
Iwona Traczyk5 · Christian A. Drevon6 · Hannelore Daniel7 · Wim H. M. Saris8 · Julie A. Lovegrove9 · Mike Gibney10 · 
Eileen R. Gibney10 · Lorraine Brennan10 · J. Alfredo Martinez11 · John C. Mathers12

1 Institute for Physical Activity and Nutrition, School 
of Exercise and Nutrition Sciences, Deakin University, 1 
Gheringhap St, Geelong 3220, Australia

2 BHF Glasgow Cardiovascular Research Centre, Institute 
of Cardiovascular and Medical Sciences, University 
of Glasgow, 126 University Pl, Glasgow G12 8TA, UK

3 Human Performance Lab, Education, Physical Activity 
and Health Research Unit, University Católica del Maule, 
3466706 Talca, Chile

4 Department of Dietetics, Nutrition and Sport, School 
of Allied Health, Human Services and Sport, La Trobe 
University, Melbourne, VIC 3086, Australia

5 Department of Human Nutrition, Faculty of Health Sciences, 
Medical University of Warsaw, Warsaw, Poland

6 Department of Nutrition, Institute of Basic Medical Sciences, 
Faculty of Medicine, University of Oslo, Oslo, Norway

7 Molecular Nutrition Unit, Department Food and Nutrition, 
Technische Universität München, München, Germany

8 Department of Human Biology, NUTRIM, School 
for Nutrition and Translational Research in Metabolism, 
Maastricht University Medical Centre, Maastricht, 
The Netherlands

9 Hugh Sinclair Unit of Human Nutrition and Institute 
for Cardiovascular and Metabolic Research, Department 
of Food and Nutritional Sciences, University of Reading, 
Reading, UK

10 UCD Institute of Food and Health, UCD School 
of Agriculture and Food Science, University College Dublin, 
Belfield Dublin 4, Republic of Ireland

11 Precision Nutrition and Cardiometabolic Health, 
IMDEA-Food Institute (Madrid Institute for Advanced 
Studies), CEI UAM + CSIC, Madrid, Spain

12 Human Nutrition Research Centre, Population 
Health Sciences Institute, Newcastle University, 
Newcastle upon Tyne NE2 4HH, UK

https://doi.org/10.1017/S0007114515004675
https://doi.org/10.1038/s41598-017-18386-8
https://doi.org/10.1038/ijo.2009.233
https://doi.org/10.1371/journal.pone.0223808
https://doi.org/10.1371/journal.pone.0223808
https://doi.org/10.1186/s12263-017-0581-3
http://orcid.org/0000-0002-9682-7541

	Associations between dietary patterns, FTO genotype and obesity in adults from seven European countries
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Study design
	Eligibility criteria
	Study variables
	Dietary intake
	Dietary patterns
	Overweight and obesity and central obesity
	Genotyping
	Demographic and lifestyle information

	Statistical analysis

	Results
	Dietary patterns
	Dietary patterns and participant characteristics
	Dietary patterns and overweightobesity
	FTO genotype

	Discussion
	References




