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ABSTRACT 42 

BACKGROUND: Whether genetic background and/or dietary behaviours influence weight gain 43 

in middle-aged subjects is debated. 44 

AIM: To assess whether genetic background and/or dietary behaviours are associated with 45 

changes in obesity markers (body mass index [BMI], weight, waist and hip circumferences) in 46 

a Swiss population-based cohort. 47 

METHODS: Cross-sectional and prospective (follow-up of 5.3 years) study. Two obesity 48 

genetic risk scores (GRS) based on 31 or 68 SNPs were used. Dietary intake was assessed 49 

using a semi-quantitative food frequency questionnaire. Three dietary patterns “Meat & fries” 50 

(unhealthy), “Fruits & Vegetables” (healthy), and “Fatty & sugary” (unhealthy), and three 51 

dietary scores (two Mediterranean and the alternative healthy eating index [AHEI]) were 52 

computed. 53 

RESULTS: On cross-sectional analysis (N=3033, 53.2% females, 58.4±10.6 years), obesity 54 

markers were positively associated with unhealthy dietary patterns and GRS, and negatively 55 

associated with healthy dietary scores and patterns. 56 

On prospective analysis (N=2542, 54.7% females, age at baseline 58.0±10.4 years), the AHEI 57 

and the “Fruits & vegetables” pattern were negatively associated with waist circumference 58 

gain: multivariate-adjusted average±standard error 0.96±0.25 vs. 0.11±0.26 cm (p for trend 59 

0.044), and 1.14±0.26 vs. -0.05±0.26 cm (p for trend 0.042) for first and fourth quartiles of 60 

the AHEI and the “Fruits & vegetables” pattern, respectively. Similar inverse associations 61 

were obtained for changes in waist >5 cm: multivariate-adjusted odds ratio (95% confidence 62 

interval): 0.65 (0.50,0.85) and 0.67 (0.51,0.89) for the fourth vs. the first quartile of the AHEI 63 

and the “Fruits & vegetables” dietary pattern, respectively. No associations were found 64 



5 
 

 
 

between GRS and changes in obesity markers, and no significant gene-diet interactions were 65 

found. 66 

CONCLUSION: Dietary intake, not GRS, are associated with waist circumference in middle-67 

aged subjects living in Lausanne, Switzerland. 68 

Keywords: gene-diet interactions; obesity; weight gain; prospective study; dietary intake  69 
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INTRODUCTION 70 

Obesity is a worldwide health concern, with a rising prevalence and increasing 71 

morbidity (1, 2), resulting from the interaction of several factors, such as physical activity (3), 72 

diet (4) and genetics. Indeed, genome-wide-association studies identified numerous loci 73 

related to an increase in body mass index (BMI) levels (5, 6). Furthermore, recent studies 74 

hypothesized that obesity’s genetic background could interact with environmental factors (7), 75 

such as physical activity or diet (3, 8) to impact on obesity markers. 76 

Gene-diet interaction is usually evaluated using diverse dietary markers, such as 77 

simple nutrients (9, 10), specific foods (11), dietary scores and dietary patterns (4, 12). Some 78 

studies reported gene-diet interaction on obesity markers (11, 13), while others failed to 79 

replicate the findings (9, 14). Obesity genetic susceptibility is usually explored using either 80 

specific loci or more recently, obesity predisposition genetic risk scores (5, 11, 13, 15), 81 

derived from Genome-Wide Association Studies. 82 

To evaluate diet, several dietary scores have previously been developed, such as the 83 

Mediterranean diet (MD) score (16) and the Alternative Healthy Eating Index (AHEI) (17). 84 

These scores are hypothesis-oriented, as they combine specific foods known to be beneficial. 85 

These jointly consumed food groups can usually be categorized into “healthy” and 86 

“unhealthy” (18). Alternatively, dietary patterns can be obtained using dimension-reducing 87 

methods such as principal components analysis (12). These pattern-oriented dietary studies 88 

have the advantage of reflecting in-between food interaction, compared to dietary scores, 89 

nutrients or specific food studies (12, 18) . 90 

Little is known regarding the interaction between dietary scores or patterns with 91 

genetic risk scores on obesity markers in Switzerland. Hence, we aimed to assess the 92 

interaction between known obesity genetic risk scores (GRS) (5, 11, 13, 15) and several 93 
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dietary markers (including dietary scores and patterns) on obesity markers (cross sectional 94 

analysis) and weight, waist or hip circumferences changes (prospective analysis using a five-95 

year follow-up). We hypothesized that both dietary and obesity GRS would be associated 96 

with obesity markers and weight gain, but that no significant gene-diet interaction would be 97 

found. 98 

METHODS 99 

Setting and sampling 100 

The CoLaus|PsyColaus study is a prospective survey investigating the biological and 101 

genetic determinants of cardiovascular risk factors and cardiovascular disease in the 102 

population of Lausanne, Switzerland (19). Recruitment began in June 2003 and ended in May 103 

2006, enrolling 6733 participants who underwent an interview, a physical exam, and a blood 104 

analysis. The first follow-up was performed between April 2009 and September 2012, 5.6 105 

years on average after the collection of baseline data. The second follow-up was performed 106 

between May 2014 and April 2017, 10.9 years on average after the collection of baseline data. 107 

The information collected was similar to that collected in the baseline examination but 108 

contained questions regarding food consumption and detailed physical activity information. 109 

As dietary intake was first assessed at the first follow-up, the study was based on data from 110 

the first (2009-2012) and the second follow-ups (2014-2017) only. 111 

Anthropometric data 112 

At all visits (baseline, first and second follow-ups), body weight and height were 113 

measured while participants stood without shoes in light indoor attire (19). Body weight was 114 

measured in kilograms to the nearest 100 g using a Seca® scale (Hamburg, Germany) that was 115 

frequently calibrated (19). Height was measured to the nearest 5 mm using a Seca® 116 

(Hamburg, Germany) height gauge (19). Waist circumference was measured mid-way 117 
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between the lowest rib and the iliac crest using a non-stretchable tape. The average of two 118 

measurements was taken and rounded to the nearest 0.5 cm. 119 

Body mass index (BMI) was calculated and obesity was defined per World Health 120 

Organization (WHO) guidelines as a BMI ≥30 kg/m2. Changes in obesity variables between 121 

studies were computed as the difference between the second and the first follow-up, so that an 122 

increase would be registered as a positive value. As performed in a previous study (20) 123 

changes in obesity markers were further categorized into clinically significant changes, i.e. at 124 

least 5 kg (20) change in weight. This threshold was chosen because the WHO recommends 125 

that weight gain in adulthood should not exceed 5 Kg over the entire adult life (21). We also 126 

assessed 5 cm change in waist circumference. 127 

For the cross-sectional analyses, body weight, BMI, waist and hip in the first follow-128 

up were the primary outcome variables. For the prospective analyses, changes in body weight, 129 

BMI, waist and hip between the first and the second follow-ups were the primary outcome 130 

variables (20). 131 

Dietary data 132 

Dietary intake was assessed using a validated, self-administered, semi-quantitative 133 

food frequency questionnaire (FFQ) (22-24). Briefly, this FFQ assesses the dietary intake of 134 

the previous 4 weeks and consists of 97 different food items accounting for more than 90% of 135 

the intake of calories, proteins, fat, carbohydrates, alcohol, cholesterol, vitamin D and retinol, 136 

and 85% of fibre, carotene and iron (18). For each item, consumption frequencies ranging 137 

from “less than once during the last 4 weeks” to “2 or more times per day” were provided, and 138 

the participants indicated the average serving size (smaller, equal or bigger) compared to a 139 

reference size (18). Conversion into nutrients was performed based on the French CIQUAL 140 

food composition table (18, 25) taking into account portion size. 141 
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Three hypothesis-oriented dietary scores were computed, two based on the 142 

Mediterranean diet, the third on a modification of the alternative healthy eating index 143 

(AHEI). The first Mediterranean dietary score (hereby designated as “Mediterranean score 144 

1”) was derived from Trichopoulou et al. (16), and ranges between zero and eight. The 145 

second Mediterranean dietary score (hereby designated as “Mediterranean score 2”) is 146 

adapted to the Swiss population and was computed according to Vormund et al. (26). 147 

Contrary to the score from Trichopoulou et al. (16), dairy products are considered as 148 

beneficial. The score thus ranges between zero and nine. The AHEI was adapted from 149 

McCullough et al. (17) In our study, the amount of trans fat could not be assessed, and we 150 

considered all participants taking multivitamins as taking them for a duration ≥5 years. Thus, 151 

the modified AHEI score ranged between 2.5 and 77.5 instead of 2.5 and 87.5 for the original 152 

AHEI score (17). For all three scores, higher values represented a healthier diet. 153 

Naïve dietary patterns were derived using principal components analysis based on 154 

food consumption frequencies. Three dietary patterns were identified: “Meat & fries”, “Fruits 155 

& Vegetables” and “Fatty & sugary”. Detailed description of assessment and characteristics 156 

of the dietary patterns is provided elsewhere (18). Prior to analysis, sex-specific quartiles for 157 

dietary scores and patterns were computed. 158 

Dietary scores and naïve dietary patterns computed in the first follow-up were used in 159 

the prospective analyses assessing the effect of diet on anthropometric changes between the 160 

first and the second follow-ups. Similar to other studies (2, 15), dietary scores and patterns 161 

were categorized, and quartiles were used. 162 

Genetic data and calculation of obesity genetic risk score 163 

In the baseline survey, nuclear DNA was extracted from whole blood for whole 164 

genome scan analysis and genotyping was performed using the Affimetrix 500 K single 165 

nucleotide polymorphism (SNP) chip and genome-wide genotyping was performed using the 166 
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Affymetrix 500K SNP array (19). Nuclear DNA was extracted from the whole blood of all 167 

participants. Genotypes were called using BRLMM 168 

(http://www.affymetrix.com/support/technical/whitepapers/brlmm_whitepap).  169 

Duplicate individuals, and first and second-degree relatives, were identified and 170 

removed by computing estimates pair-wise genomic kinship coefficients, using KING (27). 171 

Subjects were excluded from the analysis in case of inconsistency between sex and genetic 172 

data, a genotype call rate of less than 90%, or inconsistencies of genotyping results in 173 

duplicate samples. Quality control for SNPs was performed using the following criteria: 174 

monomorphic (or with minor allele frequency <1%), call rates less than 90%, deviation from 175 

the Hardy-Weinberg equilibrium with p<10-6. Phased haplotypes were generated using 176 

SHAPEIT2 (28, 29). Imputation was performed using minimac3 and the Haplotype Reference 177 

Consortium (version r1.1) (30) hosted on the Michigan Imputation Server. 178 

The GRS for obesity were computed according to previous studies (5, 11, 13, 15), 179 

except that the triallelic SNP rs4836133 was not used due to imputation issues. Both scores 180 

were derived from large meta-analyses of genome-wide association studies including the 181 

CoLaus study (5, 6). Two obesity GRS were computed, based on 31 or 68 SNPs; the list of 182 

SNPs used to compute the scores is provided in Supplemental Tables 1 and 2. Briefly, 183 

weighted GRS were calculated by multiplying each risk allele (0, 1 or 2 risk allele per locus) 184 

by its relative effect size as reported by Speliotes et al. (5) and Wang et al. (15). A weighted 185 

score reflects the relative contributing effect of each locus on the outcome. The higher the 186 

obesity GRS, the higher the predisposition to obesity. 187 

Covariates 188 

Participants were considered as being on a diet if they responded positively to the 189 

question ‘are you currently on a diet?’, and the type of diet (i.e. slimming, low salt…) was 190 

collected. Smoking status was defined as never, former (irrespective of the time since 191 

http://www.affymetrix.com/support/technical/whitepapers/brlmm_whitepap


11 
 

 
 

quitting) and current (irrespective of the amount smoked) (19). Educational level was 192 

categorized into mandatory, apprenticeship, secondary and university (20). 193 

Physical activity was assessed by a questionnaire validated in the population of 194 

Geneva (31). This self-reported questionnaire assesses the type and duration of 70 kinds of 195 

(non)professional activities and sports during the previous week. Sedentary status was 196 

defined as spending more than 90% of the daily energy in activities below moderate- and 197 

high-intensity (defined as requiring at least 4 times the basal metabolic rate) (32, 33). 198 

Inclusion and exclusion criteria 199 

The cross sectional analysis of the associations between dietary scores or patterns, 200 

GRS and obesity markers included participants from the first follow-up only. The 201 

prospective analysis of the associations between dietary scores or patterns and GRS at the 202 

first follow-up and changes in obesity markers between the first and the second follow-ups 203 

included participants with obesity data for both the first and the second follow-up. 204 

Participants were excluded if they lacked 1) genetic data; 2) follow-up data; 3) any 205 

of the dietary scores or patterns; 4) anthropometric data; 5) covariates, or if they were on a 206 

slimming diet. 207 

Statistical analysis 208 

Statistical analyses were performed using Stata version 15.1 for windows (Stata Corp, 209 

College Station, Texas, USA). Descriptive results were expressed as number of participants 210 

(percentage) for categorical variables and as average±standard deviation for continuous 211 

variables. Comparison between included and excluded participants was performed using chi-212 

square test for categorical variables and Student’s t-test for all variables except total energy 213 

intake or nonparametric Kruskal-Wallis (for total energy intake) test for continuous variables. 214 
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Cross-sectional analysis of the associations between dietary scores or patterns, GRS 215 

and obesity markers were performed for the whole sample and separately for each sex, using 216 

data from the first follow-up (2009-2012). Univariate comparisons between quartiles of 217 

dietary scores/patterns or GRS were performed using one-way, fixed effects analysis of 218 

variance (ANOVA) for continuous variables. Bivariate associations between dietary scores or 219 

patterns, GRS and obesity markers were assessed using Spearman nonparametric 220 

correlations. Multivariate analyses comparing obesity markers as continuous variables 221 

between quartiles of dietary scores or patterns or GRS were performed using covariate-222 

adjusted analysis of variance (ANOVA) and the results were expressed as estimated, 223 

multivariate-adjusted average±standard error using the margins postestimation command of 224 

Stata.  225 

Prospective analysis of the associations between dietary scores or patterns and GRS at 226 

the first follow-up and changes in obesity markers between the first and the second follow-227 

ups were performed for the whole sample and separately for each sex. The outcomes were 228 

defined as the longitudinal changes in the different measures of adiposity. Univariate 229 

comparisons between quartiles of dietary scores/patterns or GRS were performed using chi-230 

square test in case of categorical variables and ANOVA for continuous variables. 231 

Multivariate analyses were performed using logistic regression for categorical outcome 232 

variables (such as having >5 kg weight gain and >5 cm waist gain) and the results were 233 

expressed as odds ratio (OR) and 95% confidence interval. For continuous variables, 234 

multivariate analyses were performed using covariate-adjusted ANOVA and the results were 235 

expressed as estimated, multivariate-adjusted average±standard error. 236 

Gene-diet interactions were assessed using quartiles of dietary scores or patterns and 237 

GRS as 1) a continuous variable using analysis of covariance (ANCOVA), or 2) categorized 238 

in quartiles using ANOVA. Interactions were modelled using the syntax 239 
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[diet quartile]##[GRS] 240 

where [GRS] can be either a continuous variable (ANCOVA) or a categorical variable 241 

(ANOVA). The interactions between sex and quartiles of dietary markers were also assessed. 242 

For both cross-sectional and prospective analyses, covariate-corrected models 243 

(logistic regression, ANCOVA and ANOVA) were adjusted for age (continuous), education 244 

(primary, apprenticeship, secondary and university), smoking (never, former, current) and 245 

sedentary status (yes/no). For analyses including the whole sample, a further adjustment on 246 

sex was performed, and for prospective analyses, a further adjustment on the baseline obesity 247 

marker as a continuous marker was performed, for all models (logistic, ANCOVA and 248 

ANOVA). 249 

For continuous outcomes, test for a linear trend was performed using bivariate or 250 

multivariate-adjusted linear regression, using dietary scores or patterns and GRS as 251 

continuous variables, and results were expressed as standardized beta coefficients. For 252 

categorical outcomes, test for a linear trend was performed using logistic regression using 253 

dietary scores or patterns and GRS as continuous variables, and results were expressed as OR 254 

and (95%) for a one-unit increment of the independent variable.  255 

As sex was a potential confounder of the associations, stratification on sex was also 256 

performed. Statistical significance was considered for a two-sided test with p<0.05; no 257 

adjustment for multiple testing was performed. 258 

Ethical statement 259 

The institutional Ethics Committee of the University of Lausanne, which afterwards 260 

became the Ethics Commission of Canton Vaud (www.cer-vd.ch) approved the baseline 261 

CoLaus study (reference 16/03); the approval was renewed for the first (reference 33/09) and 262 

the second (reference 26/14) follow-up. The study was performed in agreement with the 263 

http://www.cer-vd.ch/
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Helsinki declaration and its former amendments, and in accordance with the applicable Swiss 264 

legislation. All participants gave their signed informed consent before entering the study. 265 

RESULTS 266 

Associations between dietary scores, obesity genetic risk scores and obesity markers, cross-267 

sectional analysis 268 

Of the initial 5064 participants, 3033 (59.9%) were retained for the cross-sectional 269 

analysis. The reasons for exclusion are summarized in Supplemental Figure 1. The most 270 

frequent reason for exclusion was a lack of genetic data (n=955). The comparison between 271 

included and excluded participants is provided in Table 1. Excluded participants were 272 

younger, had higher BMI and waist circumference, were more often smokers and of lower 273 

education, reported a lower energy intake and a lower alcohol intake. 274 

The correlations between dietary markers, GRS and obesity markers overall and by 275 

sex are summarized in Supplemental Table 3. The AHEI, the two Mediterranean scores and 276 

the “Fruits & vegetables” dietary pattern were negatively associated, while the “Meat & fries” 277 

dietary patterns and the obesity GRS were positively associated with obesity markers 278 

(Supplemental Table 3). The “Fatty & sugary” dietary pattern was negatively associated 279 

with BMI and hip, but not with weight and waist circumference (Supplemental Table 3). 280 

The univariate and multivariate analyses of obesity markers according to the quartiles 281 

of dietary scores, dietary patterns and obesity GRS are summarized in Table 2. On both 282 

univariate and multivariate analysis, the AHEI, and the two Mediterranean scores were 283 

inversely associated, while the obesity GRS were positively associated with obesity markers 284 

(Table 2). The “Fruits & vegetables” dietary pattern was inversely associated with all obesity 285 

markers on univariate analysis, but the association was no longer significant on multivariate 286 

analysis for BMI and hip. The “Meat & fries” dietary pattern was positively associated with 287 
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all obesity markers on univariate analysis, but the association was no longer significant on 288 

multivariate analysis for weight and hip (Table 2). The “Fatty and sugary” pattern was 289 

positively associated with BMI on univariate analysis, and with all obesity markers on 290 

multivariate analysis. Similar findings were obtained when the analysis was split by sex, 291 

although some associations were no longer significant due to the reduced sample size 292 

(Supplemental Tables 4 and 5). 293 

The p-values for interaction between dietary and obesity GRS on obesity markers 294 

overall and by sex are summarized in Supplemental Table 6 (GRS categorized in quartiles) 295 

and Supplemental Table 7 (GRS used as continuous variables). No significant interactions 296 

were found when using the whole sample. Possible interactions between the 31 SNPs obesity 297 

GRS and AHEI and between the 68 SNPs obesity GRS and Fatty & sugary pattern were 298 

found in males (Supplemental Tables 6 and 7). Finally, with the exception of a possible 299 

interaction between sex and the Mediterranean diet score 1, no significant sex-diet 300 

interactions were found for all anthropometric markers studied (Supplemental Table 8). 301 

Associations between dietary scores, obesity genetic risk scores and changes in obesity 302 

markers, prospective analysis 303 

Of the initial 5064 participants, 2545 (50.3%) were retained for the prospective 304 

analysis. The reasons for exclusion are summarized in Supplemental Figure 2. The most 305 

frequent reasons for exclusion were a lack of genetic data (n=955) or follow-up (n=491). The 306 

comparison between included and excluded participants is provided in Supplemental Table 307 

9: excluded participants had higher BMI and waist circumference, were more frequently 308 

current smokers, had a lower educational level, reported a lower total energy intake and were 309 

less frequently alcohol drinkers. The mean follow-up time was 5.3 years, with a median and 310 

interquartile range of 5.3 and [5.1, 5.4] years, respectively. 311 
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The univariate and multivariate analyses of changes in obesity markers according to 312 

quartiles of dietary scores, dietary patterns and obesity GRS are summarized in Table 3. On 313 

univariate analysis, the AHEI and the “Fruits & vegetables” dietary pattern were negatively 314 

associated with increase in waist circumference; the 68 SNP GRS was negatively associated 315 

with increases in hip circumference and the “Meat & fries” dietary pattern was positively 316 

associated with increases in weight and waist circumference. On multivariate analysis, the 317 

negative associations with the AHEI and the “Fruits & vegetables” dietary pattern persisted, 318 

while the associations between the 68 SNP GRS and the “Meat & fries” dietary pattern were 319 

no longer significant (Table 3). Similar trends were found in both sexes, although the 320 

associations were no longer significant due to the reduced sample size (Supplemental Tables 321 

10 and 11). Using quartiles of GRS, possible interactions between the 31 SNPs GRS and 322 

AHEI for weight (in females) and with the Mediterranean score 1 for hip (in males) were 323 

found (Supplemental Table 12). Using GRS as continuous variables, possible interactions 324 

between the 31 SNPs GRS and Meat & fries pattern for BMI (overall sample) and AHEI (in 325 

females) were found; no other significant gene-diet interactions were found regarding changes 326 

in obesity markers (Supplemental Tables 12 and 13). 327 

The associations between dietary and obesity GRS and increases in weight >5 kg or 328 

waist >5 cm are summarized in Table 4. On univariate analysis, the AHEI, the Mediterranean 329 

score 2 and the “Fruits & vegetables” dietary pattern were negatively associated with increase 330 

in waist circumference, and those associations persisted in the multivariate analysis. The 331 

AHEI (univariate) and the Mediterranean score 2 (multivariate) were negatively associated 332 

and the Meat & Fries (univariate) was positively associated with an increase in weight >5 kg, 333 

but the results were less consistent than for waist circumference. No association was found 334 

between the “Meat & fries”, the “Fatty & sugary” and both genetic markers with increases in 335 
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weight or waist circumference in the multivariate analysis (Table 4). Similar findings were 336 

obtained when the analysis was split by sex (Supplemental Tables 14 and 15). 337 

DISCUSSION 338 

Our results show that both dietary and obesity GRS are associated with obesity 339 

markers on a cross-sectional analysis. Our results also show that only the AHEI and the 340 

Mediterranean 1 dietary scores and the Fruits & vegetables dietary pattern are associated with 341 

waist circumference gain (and to a lesser degree with weight gain) in a prospective analysis. 342 

Importantly, no consistent gene-diet interactions were found, suggesting that diet exerts the 343 

same effect irrespective of the genetic background of the participants. 344 

Associations between dietary scores, obesity genetic risk scores and obesity markers, cross-345 

sectional analysis 346 

A negative association was found between the “healthy” dietary scores and patterns 347 

and most obesity markers, while a positive association was found with the “unhealthy” dietary 348 

scores and patterns. Those findings are in agreement with current literature that emphasizes 349 

the beneficial effects of a healthy diet in obesity prevention (4, 34-36). 350 

No consistent gene-diet interaction was found regarding either fat distribution (waist 351 

and hip circumferences) or total adiposity (BMI) when analysing the whole sample; the 352 

interaction between the 31 SNPs GRS and the “Meat & fries” regarding BMI was only 353 

significant when the GRS was used as a continuous variable. Our findings do not replicate 354 

those of Qi et al., who used data from three US studies (overall sample size 33,097), and 355 

found a gene-diet interaction, participants in the highest quartiles of obesity GRS and sugar-356 

sweetened beverage intake presenting a higher BMI (13). Similarly, the meta-analysis by 357 

Nettelton et al. based on 68,317 participants reported gene-diet interactions mostly for waist 358 

to hip ratio (WHR) but less for BMI; the interactions were stronger with a healthier diet (37). 359 
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Importantly, the effects of the interactions with specific SNPs were small, with maximum 360 

values of 0.017 kg/m2 for BMI and 2.31×10-4 for WHR (37), corresponding to an increase in 361 

weight of 52 g for a subject 1.75 m tall. The clinical importance of such tiny effects can thus 362 

be considered as irrelevant for individual management. Hence, the likely explanation for the 363 

discrepancies between our study and the literature is that our sample size is too small to detect 364 

the very small effects of gene-diet interactions. In another study conducted among 2075 365 

participants, McCaffery et al. (38) reported interactions between several obesity risk loci and 366 

food consumption habits among overweight or obese individuals with type 2 diabetes, but no 367 

results regarding weight or waist were provided. Hence, although genetic loci might 368 

contribute to differences in food intake and obesity levels, the effect of gene-diet interactions 369 

is very small if non-existent. 370 

Associations between dietary scores, obesity genetic risk scores and changes in obesity 371 

markers, prospective analysis 372 

On multivariate analysis, the “healthy” dietary scores (AHEI, Mediterranean score) 373 

and pattern (“Fruits and vegetables”) were negatively associated with increases in waist 374 

circumference and, to a lesser degree, weight. Those findings further emphasize the protective 375 

effect of a healthy diet against obesity. Conversely, one of the “unhealthy” dietary patterns 376 

(“Meat and fries”) and the 31 SNPs (but not the 68 SNP) obesity GRS were positively 377 

associated with increases in waist and hip circumferences. Those findings are mostly in line 378 

with our initial hypotheses, and confirm the importance of a healthy diet in the prevention of 379 

obesity (34-36). 380 

Almost no gene-diet interaction was found for changes in obesity markers. Our 381 

findings do not replicate the previous results of Wang et al. in a sample of 14,046 participants, 382 

where changes in weight per 1 SD increment of AHEI-2010 score were −0.35, −0.36 and 383 
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−0.50 kg among participants with low, intermediate, and high genetic risk (15). Interestingly, 384 

the authors found no such interaction when another healthy dietary score (Alternate 385 

Mediterranean Diet) was used. 386 

The lack of gene-diet interaction in our study has several explanations: first, our 387 

sample size might be too small to detect minute changes in obesity markers. Second, and as 388 

indicated by Nettleton et al. (37), gene-diet interactions depend on diet itself, which differs 389 

between cohorts (39). Third, differences in genetic background between cohorts cannot be 390 

excluded (40). Finally, the effects of genetics tend to attenuate with age (41), being taken over 391 

by environmental factors. As almost three quarters (73%) of our participants were older than 392 

50, the effects of the genetic scores might have been smaller. Hence, it would be interesting to 393 

replicate this study in a younger cohort. 394 

Implications for public health and clinical practice 395 

Our results have simple and potential implications for public health and clinical 396 

practice. First, to manage the current obesity epidemic, dietary and lifestyle interventions 397 

should be implemented, rather than relying on GRS. Indeed, the development of an 398 

obesogenic environment during the past decades has favoured the rapid rise of obesity 399 

pandemic (7). Thus, better prevention policies targeting unhealthy lifestyles such as sedentary 400 

status and unhealthy food are fundamental (34). 401 

Second, individual responsibility should be emphasized, instead of attributing obesity 402 

control failure solely to genetic background (34). Doctors and health professionals should 403 

dedicate more time in providing healthy lifestyle recommendations to patients; given the 404 

relatively low nutritional knowledge of doctors (42, 43), dietary counselling should be better 405 

provided by dieticians or nutritionists (44). 406 
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However, better knowledge of the genetic contribution to the obesity pandemic should 407 

progress in parallel. Indeed, personalized nutrition based on nutrigenomic data could lead to 408 

future treatment and prevention strategies (45). The focus could be obese patients with a high 409 

genetic background, as some studies suggest they respond better to dietary factors (7, 13, 46). 410 

Strengths and limitations 411 

This study has several strengths. First, compared to other studies that explored single 412 

nutrients (9, 10), we chose dietary patterns and scores that provide a better outlook of an 413 

individual’s dietary habits (12). Second, we used two different well-described obesity 414 

weighted GRS, which are more strongly associated to obesity markers than single locus. 415 

Our study has also several limitations. First, it was conducted in a single city of a 416 

wealthy country and included mostly participants of Caucasian descent. Hence, 417 

generalizability to other countries and/or ethnicities is not possible. Second, although our 418 

sample’s size is large compared to similar studies (4, 38), still it is small to detect gene-diet 419 

interactions. Hence, future studies should be based either on a larger sample, or be conducted 420 

within a consortium (37). Third, dietary intake was self-reported and (un)voluntary reporting 421 

biases cannot be excluded (47). Multiple 24-h recalls should be preferred. Fourth, no 422 

adjustment for multiple testing was performed. Had such an adjustment be performed, then a 423 

more conservative value of 0.0005, corresponding approximately to 0.05 divided by 96 [6 424 

(number of dietary scores or patterns) × 2 (number of GRS) × 4 (number of obesity markers)] 425 

should have been used. Using such a conservative value would have made all gene diet 426 

interactions and most of the associations nonsignificant. Finally, the follow-up of 5.6 years 427 

may be too short to reveal changes in obesity markers. 428 
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Conclusion 429 

Dietary intake, not obesity GRS, are associated with weight and waist circumference 430 

gain in subjects aged 40 to 80 living in Lausanne, Switzerland. Health professionals might 431 

target dietary behaviours rather than rely on genetics to manage obesity. 432 

FUNDING 433 

The CoLaus study was and is supported by research grants from GlaxoSmithKline, the 434 

Faculty of Biology and Medicine of Lausanne, and the Swiss National Science Foundation 435 

(grants 33CSCO-122661, 33CS30-139468 and 33CS30-148401). The funding source had no 436 

involvement in the study design, data collection, analysis and interpretation, writing of the 437 

report, or decision to submit the article for publication. 438 

CONFLICT OF INTEREST 439 

The authors report no conflict of interest. 440 

AUTHOR’S CONTRIBUTIONS 441 

LB conducted research and wrote paper. PMV designed research, analysed data, wrote 442 

paper and had primary responsibility for final content. MM designed research and revised the 443 

manuscript for important scientific content. PMV had full access to the data and is the guarantor 444 

of the study. All authors read and approved the manuscript. 445 



22 
 

 
 

BIBLIOGRAPHY 

1. Collaborators GBDO, Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, 

Marczak L, Mokdad AH, Moradi-Lakeh M, et al. Health effects of overweight and obesity in 

195 countries over 25 years. N Engl J Med 2017;377(1):13-27. doi: 

10.1056/NEJMoa1614362. 

2. Sotos-Prieto M, Bhupathiraju SN, Mattei J, Fung TT, Li Y, Pan A, Willett WC, Rimm EB, Hu 

FB. Association of changes in diet quality with total and cause-specific mortality. N Engl J 

Med 2017;377(2):143-53. doi: 10.1056/NEJMoa1613502. 

3. Kilpelainen TO, Qi L, Brage S, Sharp SJ, Sonestedt E, Demerath E, Ahmad T, Mora S, 

Kaakinen M, Sandholt CH, et al. Physical activity attenuates the influence of FTO variants on 

obesity risk: a meta-analysis of 218,166 adults and 19,268 children. PLoS Med 

2011;8(11):e1001116. doi: 10.1371/journal.pmed.1001116. 

4. Newby PK, Muller D, Hallfrisch J, Qiao N, Andres R, Tucker KL. Dietary patterns and 

changes in body mass index and waist circumference in adults. Am J Clin Nutr 

2003;77(6):1417-25. 

5. Speliotes EK, Willer CJ, Berndt SI, Monda KL, Thorleifsson G, Jackson AU, Lango Allen H, 

Lindgren CM, Luan J, Magi R, et al. Association analyses of 249,796 individuals reveal 18 

new loci associated with body mass index. Nat Genet 2010;42(11):937-48. doi: 

10.1038/ng.686. 

6. Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, Powell C, Vedantam S, 

Buchkovich ML, Yang J, et al. Genetic studies of body mass index yield new insights for 

obesity biology. Nature 2015;518(7538):197-206. doi: 10.1038/nature14177. 

7. Goodarzi MO. Genetics of obesity: what genetic association studies have taught us about the 

biology of obesity and its complications. Lancet Diabetes Endocrinol 2018;6(3):223-36. doi: 

10.1016/S2213-8587(17)30200-0. 

8. Graff M, Scott RA, Justice AE, Young KL, Feitosa MF, Barata L, Winkler TW, Chu AY, 

Mahajan A, Hadley D, et al. Genome-wide physical activity interactions in adiposity - A meta-



23 
 

 
 

analysis of 200,452 adults. PLoS Genet 2017;13(4):e1006528. doi: 

10.1371/journal.pgen.1006528. 

9. Ankarfeldt MZ, Larsen SC, Angquist L, Husemoen LL, Roswall N, Overvad K, Jakobsen 

MU, Halkjaer J, Tjonneland A, Linneberg A, et al. Interaction between genetic predisposition 

to adiposity and dietary protein in relation to subsequent change in body weight and waist 

circumference. PLoS One 2014;9(10):e110890. doi: 10.1371/journal.pone.0110890. 

10. Freisling H, Pisa PT, Ferrari P, Byrnes G, Moskal A, Dahm CC, Vergnaud AC, Boutron-

Ruault MC, Fagherazzi G, Cadeau C, et al. Main nutrient patterns are associated with 

prospective weight change in adults from 10 European countries. Eur J Nutr 2016;55(6):2093-

104. doi: 10.1007/s00394-015-1023-x. 

11. Qi Q, Chu AY, Kang JH, Huang J, Rose LM, Jensen MK, Liang L, Curhan GC, Pasquale LR, 

Wiggs JL, et al. Fried food consumption, genetic risk, and body mass index: gene-diet 

interaction analysis in three US cohort studies. Bmj 2014;348:g1610. doi: 10.1136/bmj.g1610. 

12. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Curr Opin 

Lipidol 2002;13(1):3-9. doi: 10.1097/00041433-200202000-00002. 

13. Qi Q, Chu AY, Kang JH, Jensen MK, Curhan GC, Pasquale LR, Ridker PM, Hunter DJ, 

Willett WC, Rimm EB, et al. Sugar-sweetened beverages and genetic risk of obesity. N Engl J 

Med 2012;367(15):1387-96. doi: 10.1056/NEJMoa1203039. 

14. Qi Q, Kilpelainen TO, Downer MK, Tanaka T, Smith CE, Sluijs I, Sonestedt E, Chu AY, 

Renstrom F, Lin X, et al. FTO genetic variants, dietary intake and body mass index: insights 

from 177,330 individuals. Hum Mol Genet 2014;23(25):6961-72. doi: 10.1093/hmg/ddu411. 

15. Wang T, Heianza Y, Sun D, Huang T, Ma W, Rimm EB, Manson JE, Hu FB, Willett WC, Qi 

L. Improving adherence to healthy dietary patterns, genetic risk, and long term weight gain: 

gene-diet interaction analysis in two prospective cohort studies. Bmj 2018;360. doi: 

10.1136/bmj.j5644. 

16. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a Mediterranean diet 

and survival in a Greek population. N Engl J Med 2003;348(26):2599-608. doi: 

10.1056/NEJMoa025039. 



24 
 

 
 

17. McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm EB, Hu FB, 

Spiegelman D, Hunter DJ, Colditz GA, Willett WC. Diet quality and major chronic disease 

risk in men and women: moving toward improved dietary guidance. Am J Clin Nutr 

2002;76(6):1261-71. 

18. Marques-Vidal P, Waeber G, Vollenweider P, Guessous I. Socio-demographic and lifestyle 

determinants of dietary patterns in French-speaking Switzerland, 2009-2012. BMC Public 

Health 2018;18(1):131. doi: 10.1186/s12889-018-5045-1. 

19. Firmann M, Mayor V, Vidal PM, Bochud M, Pecoud A, Hayoz D, Paccaud F, Preisig M, Song 

KS, Yuan X, et al. The CoLaus study: a population-based study to investigate the 

epidemiology and genetic determinants of cardiovascular risk factors and metabolic syndrome. 

BMC Cardiovasc Disord 2008;8:6. doi: 10.1186/1471-2261-8-6. 

20. Guerra F, Stringhini S, Vollenweider P, Waeber G, Marques-Vidal P. Socio-demographic and 

behavioural determinants of weight gain in the Swiss population. BMC Public Health 

2015;15:73. doi: 10.1186/s12889-015-1451-9. 

21. World Health Organization. Obesity: preventing and managing the global epidemic. Report of 

a WHO consultation. World Health Organ Tech Rep Ser 2000;894:I-XII; 1-253. 

22. Beer-Borst S, Costanza MC, Pechere-Bertschi A, Morabia A. Twelve-year trends and 

correlates of dietary salt intakes for the general adult population of Geneva, Switzerland. Eur J 

Clin Nutr 2009;63(2):155-64. doi: 10.1038/sj.ejcn.1602922. 

23. Bernstein M, Huot I, Morabia A. Amélioration des performances d'un questionnaire 

alimentaire semi-quantitatif comparé à un rappel des 24 heures. Santé Publique 1995;7:403-

13. 

24. Marques-Vidal P, Waeber G, Vollenweider P, Bochud M, Stringhini S, Guessous I. 

Sociodemographic and Behavioural Determinants of a Healthy Diet in Switzerland. Ann Nutr 

Metab 2015;67(2):87-95. doi: 10.1159/000437393. 

25. French agency for food environmental and occupational health & safety (ANSES). 2013. 

Internet: https://pro.anses.fr/tableciqual/index.htm (accessed September 6, 2016. 

https://pro.anses.fr/tableciqual/index.htm


25 
 

 
 

26. Vormund K, Braun J, Rohrmann S, Bopp M, Ballmer P, Faeh D. Mediterranean diet and 

mortality in Switzerland: an alpine paradox? Eur J Nutr 2015;54(1):139-48. doi: 

10.1007/s00394-014-0695-y. 

27. Manichaikul A, Mychaleckyj JC, Rich SS, Daly K, Sale M, Chen WM. Robust relationship 

inference in genome-wide association studies. Bioinformatics 2010;26(22):2867-73. doi: 

10.1093/bioinformatics/btq559. 

28. Delaneau O, Zagury JF, Marchini J. Improved whole-chromosome phasing for disease and 

population genetic studies. Nat Methods 2013;10(1):5-6. doi: 10.1038/nmeth.2307. 

29. Delaneau O, Marchini J, Zagury JF. A linear complexity phasing method for thousands of 

genomes. Nat Methods 2011;9(2):179-81. doi: 10.1038/nmeth.1785. 

30. Das S, Forer L, Schonherr S, Sidore C, Locke AE, Kwong A, Vrieze SI, Chew EY, Levy S, 

McGue M, et al. Next-generation genotype imputation service and methods. Nat Genet 

2016;48(10):1284-7. doi: 10.1038/ng.3656. 

31. Bernstein M, Sloutskis D, Kumanyika S, Sparti A, Schutz Y, Morabia A. Data-based approach 

for developing a physical activity frequency questionnaire. Am J Epidemiol 1998;147(2):147-

54. 

32. Bernstein MS, Morabia A, Sloutskis D. Definition and prevalence of sedentarism in an urban 

population. Am J Public Health 1999;89(6):862-7. 

33. Guessous I, Gaspoz JM, Theler JM, Kayser B. Eleven-year physical activity trends in a Swiss 

urban area. Prev Med 2014;59:25-30. doi: 10.1016/j.ypmed.2013.11.005. 

34. Ells LJ, Demaio A, Farpour-Lambert N. Diet, genes, and obesity. Bmj 2018;360:k7. doi: 

10.1136/bmj.k7. 

35. de Oliveira Otto MC, Anderson CAM, Dearborn JL, Ferranti EP, Mozaffarian D, Rao G, 

Wylie-Rosett J, Lichtenstein AH, American Heart Association Behavioral Change for 

Improving Health Factors Committee of the Council on L, Cardiometabolic H, et al. Dietary 

Diversity: Implications for Obesity Prevention in Adult Populations: A Science Advisory 

From the American Heart Association. Circulation 2018;138(11):e160-e8. doi: 

10.1161/CIR.0000000000000595. 



26 
 

 
 

36. Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle and long-

term weight gain in women and men. N Engl J Med 2011;364(25):2392-404. doi: 

10.1056/NEJMoa1014296. 

37. Nettleton JA, Follis JL, Ngwa JS, Smith CE, Ahmad S, Tanaka T, Wojczynski MK, Voortman 

T, Lemaitre RN, Kristiansson K, et al. Gene x dietary pattern interactions in obesity: analysis 

of up to 68 317 adults of European ancestry. Hum Mol Genet 2015;24(16):4728-38. doi: 

10.1093/hmg/ddv186. 

38. McCaffery JM, Papandonatos GD, Peter I, Huggins GS, Raynor HA, Delahanty LM, Cheskin 

LJ, Balasubramanyam A, Wagenknecht LE, Wing RR, et al. Obesity susceptibility loci and 

dietary intake in the Look AHEAD Trial. Am J Clin Nutr 2012;95(6):1477-86. doi: 

10.3945/ajcn.111.026955. 

39. Haveman-Nies A, Tucker KL, de Groot LC, Wilson PW, van Staveren WA. Evaluation of 

dietary quality in relationship to nutritional and lifestyle factors in elderly people of the US 

Framingham Heart Study and the European SENECA study. Eur J Clin Nutr 2001;55(10):870-

80. doi: 10.1038/sj.ejcn.1601232. 

40. Novembre J, Johnson T, Bryc K, Kutalik Z, Boyko AR, Auton A, Indap A, King KS, 

Bergmann S, Nelson MR, et al. Genes mirror geography within Europe. Nature 

2008;456(7218):98-101. doi: 10.1038/nature07331. 

41. Winkler TW, Justice AE, Graff M, Barata L, Feitosa MF, Chu S, Czajkowski J, Esko T, Fall 

T, Kilpelainen TO, et al. The influence of age and sex on genetic associations with adult body 

size and shape: A large-scale genome-wide interaction study. PLoS Genet 

2015;11(10):e1005378. doi: 10.1371/journal.pgen.1005378. 

42. Crowley J, Ball L, Hiddink GJ. Nutrition in medical education: a systematic review. Lancet 

Planet Health 2019;3(9):e379-e89. doi: 10.1016/S2542-5196(19)30171-8. 

43. Han SL, Auer R, Cornuz J, Marques-Vidal P. Clinical nutrition in primary care: An evaluation 

of resident physicians' attitudes and self-perceived proficiency. Clin Nutr ESPEN 2016;15:69-

74. doi: 10.1016/j.clnesp.2016.06.005. 



27 
 

 
 

44. Thompson RL, Summerbell CD, Hooper L, Higgins JP, Little PS, Talbot D, Ebrahim S. 

Relative efficacy of differential methods of dietary advice: a systematic review. Am J Clin 

Nutr 2003;77(4 Suppl):1052S-7S. doi: 10.1093/ajcn/77.4.1052S. 

45. Drabsch T, Holzapfel C. A Scientific Perspective of Personalised Gene-Based Dietary 

Recommendations for Weight Management. Nutrients 2019;11(3). doi: 10.3390/nu11030617. 

46. Hesketh J. Personalised nutrition: how far has nutrigenomics progressed? Eur J Clin Nutr 

2013;67(5):430-5. doi: 10.1038/ejcn.2012.145. 

47. Pan A, Lin X, Hemler E, Hu FB. Diet and Cardiovascular Disease: Advances and Challenges 

in Population-Based Studies. Cell Metab 2018;27(3):489-96. doi: 10.1016/j.cmet.2018.02.017. 

 

  



28 
 

 
 

 

TABLES 

Table 1: characteristics of included and excluded participants for the cross-sectional analysis, 

CoLaus study, Lausanne, Switzerland. 

 Included Excluded P value 

Sample size 3033 2031  

Females (%) 1612 (53.2) 1095 (53.9) 0.592 

Age (years) 58.4 ± 10.6 56.8 ± 10.4 <0.001 

Body mass index (kg/m2) 25.7 ± 4.4 26.9 ± 4.8 <0.001 

Body mass index categories (%)   <0.001 

Normal + underweight 1432 (47.2) 748 (38.1)  

Overweight 1161 (38.3) 799 (40.6)  

Obese 440 (14.5) 419 (21.3)  

Waist circumference (cm) 91.1 ± 12.9 93.3 ± 13.1 <0.001 

Smoking categories (%)   0.009 

Never 1245 (41.1) 790 (40.0)  

Former 1171 (38.6) 712 (36.1)  

Current 617 (20.3) 472 (23.9)  

Sedentary (%) 1732 (57.1) 673 (58.6) 0.375 

Educational level (%)   <0.001 

University 639 (21.0) 440 (21.7)  

Secondary 793 (26.2) 513 (25.3)  

Apprenticeship 1151 (38.0) 645 (31.8)  

Primary 450 (14.8) 428 (21.2)  

Total energy intake (kcal) 1764 [1378, 2226] 1657 [1249, 2151] <0.001 1 

Alcohol drinker (%) 2394 (78.9) 1389 (68.4) <0.001 

Results are expressed as number of participants (percentage) for categorical variables and as 

average±standard deviation for continuous variables. Univariate between-group comparisons 

were performed using chi-square for categorical variables and Student’s t-test or nonparametric 

Kruskal-Wallis test (1) for continuous variables. 
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Table 2: cross-sectional analysis, obesity markers according to quartiles of dietary and genetic risk scores, all participants (N=3033), univariate 

and multivariate adjusted, CoLaus study, Lausanne, Switzerland. 

 Univariate Multivariate 

 Weight (kg) BMI 

(kg/m2) 

Waist (cm) Hip (cm) Weight (kg) BMI 

(kg/m2) 

Waist (cm) Hip (cm) 

AHEI         

Q1 [3; 25] 76.1 ± 0.5 26.4 ± 0.2 93.3 ± 0.5 100.5 ± 0.3 74.8 ± 0.5 26.1 ± 0.1 92.3 ± 0.4 100.2 ± 0.3 

Q2 [25.5; 32] 74.4 ± 0.5 25.8 ± 0.2 91.5 ± 0.4 99.7 ± 0.3 73.9 ± 0.4 25.8 ± 0.1 91.3 ± 0.4 99.6 ± 0.3 

Q3 [32.5; 39] 72.1 ± 0.6 25.5 ± 0.2 90.1 ± 0.5 98.9 ± 0.4 72.8 ± 0.5 25.6 ± 0.2 90.5 ± 0.4 99.1 ± 0.4 

Q4 [39.5; 69.5] 71.0 ± 0.6 25.2 ± 0.2 89.2 ± 0.5 98.5 ± 0.4 72.4 ± 0.5 25.4 ± 0.2 90.3 ± 0.4 98.9 ± 0.4 

Test for trend         

Beta coefficient § -0.135 -0.107 -0.126 -0.080 -0.065 -0.065 -0.061 -0.050 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 

Mediterranean 1         

Q1 [0; 3] 74.8 ± 0.4 26.2 ± 0.1 92.5 ± 0.4 100.4 ± 0.3 75.0 ± 0.4 26.2 ± 0.1 92.4 ± 0.3 100.3 ± 0.3 

Q2 [4] 73.2 ± 0.5 25.6 ± 0.2 91.0 ± 0.5 99.3 ± 0.4 73.4 ± 0.5 25.6 ± 0.2 91.0 ± 0.4 99.3 ± 0.3 

Q3 [5] 72.2 ± 0.6 25.2 ± 0.2 89.7 ± 0.5 98.7 ± 0.4 72.2 ± 0.5 25.3 ± 0.2 90.0 ± 0.5 98.9 ± 0.4 

Q4 [6; 8] 72.6 ± 0.7 25.5 ± 0.2 90.1 ± 0.6 98.6 ± 0.4 72.0 ± 0.6 25.5 ± 0.2 89.7 ± 0.5 98.5 ± 0.4 

Test for trend         

Beta coefficient § -0.058 -0.065 -0.072 -0.065 -0.074 -0.062 -0.080 -0.061 

P-value 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 
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Mediterranean 2         

Q1 [0; 3] 74.8 ± 0.5 26.1 ± 0.1 92.6 ± 0.4 100.3 ± 0.3 74.7 ± 0.4 26.1 ± 0.1 92.4 ± 0.4 100.2 ± 0.3 

Q2 [4; 5] 73.6 ± 0.5 25.8 ± 0.1 91.1 ± 0.4 99.7 ± 0.3 73.5 ± 0.4 25.7 ± 0.1 90.9 ± 0.4 99.6 ± 0.3 

Q3 [6] 72.6 ± 0.6 25.5 ± 0.2 89.9 ± 0.6 98.8 ± 0.4 72.6 ± 0.6 25.5 ± 0.2 89.9 ± 0.5 98.8 ± 0.4 

Q4 [7; 9] 72.4 ± 0.6 25.4 ± 0.2 90.1 ± 0.5 98.4 ± 0.4 72.7 ± 0.5 25.5 ± 0.2 90.6 ± 0.5 98.7 ± 0.4 

Test for trend         

Beta coefficient § -0.070 -0.077 -0.091 -0.085 -0.065 -0.063 -0.074 -0.070 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Meat & fries         

Q1 [-3.06; -0.82] 70.4 ± 0.5 25.2 ± 0.2 88.7 ± 0.5 99.0 ± 0.4 73.4 ± 0.5 25.5 ± 0.2 90.2 ± 0.4 99.2 ± 0.4 

Q2 [-0.81; -0.22] 72.4 ± 0.5 25.5 ± 0.2 90.4 ± 0.5 99.3 ± 0.4 73.4 ± 0.5 25.6 ± 0.2 91.0 ± 0.4 99.3 ± 0.4 

Q3 [-0.21; 0.53] 74.3 ± 0.5 25.7 ± 0.2 91.2 ± 0.5 99.1 ± 0.4 73.2 ± 0.5 25.7 ± 0.2 90.7 ± 0.4 99.1 ± 0.3 

Q4 [0.54; 70.75] 77.1 ± 0.5 26.4 ± 0.2 93.7 ± 0.5 100.3 ± 0.4 74.3 ± 0.5 26.2 ± 0.2 92.3 ± 0.4 100.1 ± 0.4 

Test for trend         

Beta coefficient § 0.116 0.089 0.109 0.046 0.020 0.051 0.045 0.030 

P-value <0.001 <0.001 <0.001 0.013 0.205 0.005 0.007 0.098 

Fruits & vegetables         

Q1 [-4.05; -1.09] 78.0 ± 0.5 26.6 ± 0.2 94.5 ± 0.5 100.7 ± 0.4 74.7 ± 0.5 26.1 ± 0.2 92.2 ± 0.4 100.1 ± 0.4 

Q2 [-1.08; -0.20] 74.2 ± 0.5 25.6 ± 0.2 90.9 ± 0.5 99.1 ± 0.4 73.7 ± 0.5 25.6 ± 0.2 90.7 ± 0.4 99.1 ± 0.3 

Q3 [-0.19; 0.87] 71.9 ± 0.5 25.5 ± 0.2 89.9 ± 0.5 99.2 ± 0.4 73.1 ± 0.5 25.6 ± 0.2 90.6 ± 0.4 99.3 ± 0.4 

Q4 [0.88; 12.8] 70.1 ± 0.5 25.2 ± 0.2 88.9 ± 0.5 98.7 ± 0.4 72.7 ± 0.5 25.5 ± 0.2 90.6 ± 0.4 99.2 ± 0.4 
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Test for trend         

Beta coefficient § -0.177 -0.095 -0.139 -0.060 -0.041 -0.035 -0.032 -0.024 

P-value <0.001 <0.001 <0.001 0.001 0.013 0.061 <0.001 0.193 

Fatty & sugary         

Q1 [-3.97; -0.92] 73.9 ± 0.6 26.2 ± 0.2 91.5 ± 0.5 100.1 ± 0.4 74.7 ± 0.5 26.3 ± 0.2 92.2 ± 0.4 100.4 ± 0.3 

Q2 [-0.91; -0.05] 73.7 ± 0.6 25.9 ± 0.2 91.2 ± 0.5 99.7 ± 0.4 74.0 ± 0.5 25.9 ± 0.2 91.2 ± 0.4 99.6 ± 0.3 

Q3 [-0.04; 0.89] 72.8 ± 0.6 25.3 ± 0.2 90.4 ± 0.5 98.6 ± 0.4 72.6 ± 0.5 25.3 ± 0.2 90.3 ± 0.4 98.6 ± 0.3 

Q4 [0.90; 9.67] 73.8 ± 0.6 25.5 ± 0.2 91.1 ± 0.5 99.2 ± 0.4 72.9 ± 0.5 25.4 ± 0.2 90.4 ± 0.4 99.0 ± 0.3 

Test for trend         

Beta coefficient § 0.003 -0.051 0.003 -0.026 -0.043 -0.076 -0.039 -0.047 

P-value 0.884 0.006 0.866 0.164 0.006 <0.001 0.016 0.008 

GRS 31 SNPs         

Q1 [28.1; 50.6] 71.8 ± 0.5 25.1 ± 0.2 89.4 ± 0.5 98.3 ± 0.4 72.2 ± 0.5 25.2 ± 0.2 90.0 ± 0.4 98.6 ± 0.3 

Q2 [50.7; 55.5] 72.5 ± 0.5 25.4 ± 0.2 90.3 ± 0.5 98.7 ± 0.4 72.3 ± 0.5 25.4 ± 0.2 90.2 ± 0.4 98.6 ± 0.3 

Q3 [55.6; 60.8] 73.6 ± 0.5 25.9 ± 0.2 91.4 ± 0.5 99.6 ± 0.4 73.8 ± 0.5 25.9 ± 0.2 91.4 ± 0.4 99.6 ± 0.3 

Q4 [60.9; 82.1] 76.3 ± 0.5 26.6 ± 0.2 93.4 ± 0.5 101.3 ± 0.4 75.9 ± 0.5 26.5 ± 0.2 92.9 ± 0.4 101.0 ± 0.3 

Test for trend         

Beta coefficient § 0.097 0.115 0.098 0.103 0.089 0.102 0.078 0.087 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

GRS 68 SNPs         

Q1 [40.6; 57.8] 71.4 ± 0.5 25.0 ± 0.2 89.1 ± 0.5 97.7 ± 0.4 71.5 ± 0.5 25.1 ± 0.2 89.4 ± 0.4 97.9 ± 0.3 
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Q2 [57.9; 61.2] 73.7 ± 0.5 25.8 ± 0.2 91.4 ± 0.5 99.6 ± 0.4 73.7 ± 0.5 25.8 ± 0.2 91.4 ± 0.4 99.7 ± 0.3 

Q3 [61.3; 64.5] 73.1 ± 0.5 25.7 ± 0.2 91.0 ± 0.5 99.3 ± 0.4 73.2 ± 0.5 25.7 ± 0.2 90.9 ± 0.4 99.2 ± 0.3 

Q4 [64.6; 78.9] 75.9 ± 0.5 26.5 ± 0.2 93.1 ± 0.5 101.2 ± 0.4 75.7 ± 0.5 26.5 ± 0.2 92.9 ± 0.4 101.1 ± 0.3 

Test for trend         

Beta coefficient § 0.099 0.118 0.101 0.114 0.097 0.110 0.089 0.104 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

BMI, body mass index; AHEI, alternative healthy eating index; Q, quartile; GRS, genetic risk score; SNP, single nucleotide polymorphism. Quartile 

boundaries are indicated in square brackets. Results are expressed as average ± standard error for bivariate analysis and as multivariate adjusted 

average ± standard error. Univariate statistical analysis performed using analysis of variance. Multivariate statistical analysis performed using 

analysis of covariance adjusted for sex; age (continuous); educational level (primary, apprenticeship, secondary and university); smoking status 

(never, former, current) and sedentary status (yes/no). §, standardized beta coefficient as obtained by linear regression, using dietary scores or 

patterns and GRS as continuous variables.  
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Table 3: prospective analysis, changes in obesity markers according to quartiles of dietary and genetic risk scores, all participants (N=2542), 

univariate and multivariate adjusted, CoLaus study, Lausanne, Switzerland. 

 Univariate Multivariate 

 Weight (kg) BMI 

(kg/m2) 

Waist (cm) Hip (cm) Weight (kg) BMI 

(kg/m2) 

Waist (cm) Hip (cm) 

AHEI         

Q1 [3; 25] 0.57 ± 0.18 0.40 ± 0.06 0.97 ± 0.25 3.15 ± 0.24 0.57 ± 0.18 0.41 ± 0.06 0.96 ± 0.25 3.45 ± 0.20 

Q2 [25.5; 32] 0.32 ± 0.18 0.31 ± 0.06 0.34 ± 0.25 2.65 ± 0.23 0.31 ± 0.17 0.31 ± 0.06 0.32 ± 0.24 2.78 ± 0.20 

Q3 [32.5; 39] 0.33 ± 0.19 0.31 ± 0.07 -0.13 ± 0.26 2.86 ± 0.24 0.32 ± 0.18 0.31 ± 0.07 -0.15 ± 0.25 2.67 ± 0.21 

Q4 [39.5; 67.5] 0.55 ± 0.19 0.37 ± 0.07 0.05 ± 0.26 3.25 ± 0.25 0.57 ± 0.19 0.37 ± 0.07 0.11 ± 0.26 2.96 ± 0.21 

Test for trend         

Beta coefficient § 0.011 0.008 -0.059 0.017 0.017 0.010 -0.041 -0.005 

P-value 0.575 0.673 0.003 0.394 0.393 0.626 0.044 0.803 

Mediterranean 1         

Q1 [0; 3] 0.41 ± 0.15 0.35 ± 0.05 0.48 ± 0.21 2.88 ± 0.20 0.42 ± 0.15 0.35 ± 0.05 0.69 ± 0.20 3.09 ± 0.17 

Q2 [4; 4] 0.55 ± 0.18 0.39 ± 0.06 0.14 ± 0.26 3.00 ± 0.24 0.59 ± 0.18 0.40 ± 0.06 0.13 ± 0.25 2.99 ± 0.21 

Q3 [5; 5] 0.38 ± 0.20 0.31 ± 0.07 0.10 ± 0.28 2.74 ± 0.26 0.30 ± 0.20 0.29 ± 0.07 -0.03 ± 0.27 2.49 ± 0.22 

Q4 [6; 8] 0.45 ± 0.23 0.33 ± 0.08 0.50 ± 0.32 3.45 ± 0.29 0.46 ± 0.22 0.34 ± 0.08 0.21 ± 0.31 3.27 ± 0.25 

Test for trend         

Beta coefficient § -0.001 -0.006 -0.012 0.021 0.005 -0.001 -0.015 0.028 

P-value 0.956 0.744 0.539 0.296 0.799 0.942 0.438 0.137 
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Mediterranean 2         

Q1 [0; 3] 0.58 ± 0.17 0.40 ± 0.06 0.60 ± 0.24 2.83 ± 0.22 0.61 ± 0.17 0.40 ± 0.06 0.82 ± 0.23 3.06 ± 0.19 

Q2 [4; 5] 0.17 ± 0.16 0.26 ± 0.05 0.28 ± 0.22 2.70 ± 0.20 0.20 ± 0.15 0.27 ± 0.05 0.28 ± 0.21 2.83 ± 0.17 

Q3 [6; 6] 0.64 ± 0.22 0.41 ± 0.08 0.31 ± 0.30 3.39 ± 0.28 0.61 ± 0.21 0.40 ± 0.08 0.06 ± 0.29 3.16 ± 0.24 

Q4 [7; 9] 0.54 ± 0.21 0.37 ± 0.07 -0.02 ± 0.29 3.28 ± 0.27 0.47 ± 0.21 0.35 ± 0.07 -0.09 ± 0.28 2.9 ± 0.24 

Test for trend         

Beta coefficient § 0.010 0.003 -0.023 0.044 0.008 0.003 -0.025 0.038 

P-value 0.625 0.867 0.240 0.027 0.673 0.899 0.214 0.049 

Meat & fries         

Q1 [-3.06; -0.83] 0.13 ± 0.19 0.27 ± 0.07 -0.37 ± 0.26 2.95 ± 0.24 0.26 ± 0.19 0.28 ± 0.07 -0.09 ± 0.26 2.76 ± 0.21 

Q2 [-0.83; -0.24] 0.67 ± 0.19 0.43 ± 0.07 0.65 ± 0.26 3.17 ± 0.24 0.69 ± 0.18 0.43 ± 0.07 0.74 ± 0.25 3.08 ± 0.21 

Q3 [-0.24; 0.48] 0.46 ± 0.19 0.36 ± 0.07 0.43 ± 0.26 3.21 ± 0.24 0.45 ± 0.18 0.36 ± 0.07 0.30 ± 0.25 3.27 ± 0.21 

Q4 [0.48; 70.75] 0.71 ± 0.19 0.39 ± 0.07 0.69 ± 0.26 2.79 ± 0.24 0.57 ± 0.19 0.38 ± 0.07 0.45 ± 0.26 3.02 ± 0.22 

Test for trend         

Beta coefficient § 0.051 0.038 0.048 0.007 0.037 0.034 0.019 0.016 

P-value 0.012 0.057 0.018 0.712 0.066 0.096 0.342 0.406 

Fruits & vegetables         

Q1 [-4.05; -1.04] 0.55 ± 0.19 0.36 ± 0.07 1.31 ± 0.26 2.50 ± 0.24 0.50 ± 0.19 0.37 ± 0.07 1.14 ± 0.26 3.08 ± 0.22 

Q2 [-1.04; -0.17] 0.57 ± 0.19 0.39 ± 0.07 0.55 ± 0.26 3.46 ± 0.24 0.53 ± 0.18 0.38 ± 0.06 0.43 ± 0.25 3.32 ± 0.21 

Q3 [-0.17; 0.88] 0.17 ± 0.19 0.26 ± 0.07 -0.19 ± 0.26 2.87 ± 0.24 0.20 ± 0.18 0.26 ± 0.07 -0.13 ± 0.25 2.74 ± 0.21 

Q4 [0.88; 12.79] 0.68 ± 0.19 0.44 ± 0.07 -0.27 ± 0.26 3.30 ± 0.24 0.74 ± 0.19 0.44 ± 0.07 -0.05 ± 0.26 2.99 ± 0.21 
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Test for trend         

Beta coefficient § 0.017 0.025 -0.081 0.044 0.034 0.031 -0.043 0.020 

P-value 0.393 0.222 <0.001 0.030 0.157 0.147 0.042 0.332 

Fatty & sugary         

Q1 [-3.97; -0.9] 0.82 ± 0.19 0.48 ± 0.07 0.42 ± 0.26 3.10 ± 0.24 0.81 ± 0.18 0.47 ± 0.07 0.68 ± 0.25 3.16 ± 0.21 

Q2 [-0.89; -0.04] 0.46 ± 0.19 0.36 ± 0.07 0.48 ± 0.26 3.12 ± 0.24 0.50 ± 0.18 0.36 ± 0.06 0.55 ± 0.25 3.17 ± 0.21 

Q3 [-0.04; 0.87] 0.17 ± 0.19 0.25 ± 0.07 0.13 ± 0.26 2.89 ± 0.24 0.17 ± 0.18 0.25 ± 0.07 -0.01 ± 0.25 2.74 ± 0.21 

Q4 [0.87; 9.67] 0.51 ± 0.19 0.36 ± 0.07 0.37 ± 0.26 3.02 ± 0.24 0.49 ± 0.18 0.36 ± 0.07 0.16 ± 0.25 3.05 ± 0.21 

Test for trend         

Beta coefficient § -0.029 -0.033 -0.012 -0.021 -0.026 -0.028 -0.026 0.001 

P-value 0.153 0.107 0.539 0.307 0.198 0.163 0.202 0.972 

GRS 31 SNPs         

Q1 [28.3; 50.7] 0.45 ± 0.18 0.35 ± 0.06 0.33 ± 0.26 3.12 ± 0.24 0.32 ± 0.18 0.31 ± 0.06 0.18 ± 0.25 2.62 ± 0.21 

Q2 [50.7; 55.5] 0.75 ± 0.18 0.44 ± 0.06 0.70 ± 0.26 3.00 ± 0.24 0.74 ± 0.18 0.43 ± 0.06 0.58 ± 0.25 2.83 ± 0.20 

Q3 [55.5; 60.7] 0.32 ± 0.18 0.31 ± 0.06 -0.03 ± 0.26 2.97 ± 0.24 0.35 ± 0.18 0.32 ± 0.06 0.00 ± 0.25 3.05 ± 0.20 

Q4 [60.7; 79.9] 0.25 ± 0.18 0.29 ± 0.06 0.29 ± 0.26 2.8 ± 0.24 0.36 ± 0.18 0.32 ± 0.06 0.53 ± 0.25 3.38 ± 0.21 

Test for trend         

Beta coefficient § -0.026 -0.019 -0.005 -0.021 -0.013 -0.009 -0.005 0.000 

P-value 0.192 0.349 0.796 0.297 0.499 0.653 0.815 0.990 

GRS 68 SNPs         

Q1 [40.6; 57.7] 0.57 ± 0.18 0.38 ± 0.06 0.44 ± 0.26 3.36 ± 0.24 0.45 ± 0.18 0.35 ± 0.06 0.23 ± 0.25 2.86 ± 0.21 
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Q2 [57.7; 61.2] 0.51 ± 0.18 0.36 ± 0.06 0.26 ± 0.26 3.04 ± 0.24 0.47 ± 0.18 0.35 ± 0.06 0.21 ± 0.25 2.93 ± 0.21 

Q3 [61.2; 64.5] 0.53 ± 0.18 0.36 ± 0.06 0.22 ± 0.26 2.89 ± 0.24 0.60 ± 0.18 0.38 ± 0.06 0.29 ± 0.25 3.00 ± 0.20 

Q4 [64.5; 78.9] 0.15 ± 0.18 0.28 ± 0.06 0.36 ± 0.26 2.59 ± 0.24 0.24 ± 0.18 0.30 ± 0.06 0.55 ± 0.25 3.08 ± 0.21 

Test for trend         

Beta coefficient § -0.031 -0.026 -0.010 -0.043 -0.022 -0.019 -0.009 -0.030 

P-value 0.117 0.193 0.598 0.029 0.262 0.330 0.660 0.113 

BMI, body mass index; AHEI, alternative healthy eating index; Q, quartile; GRS, genetic risk score, SNP, single nucleotide polymorphism. Quartile 

boundaries are indicated in square brackets. Results are expressed as average ± standard error for bivariate analysis and as multivariate adjusted 

average ± standard error. Univariate statistical analysis performed using analysis of variance separately for each score. Multivariate statistical 

analysis performed using analysis of covariance adjusted for sex; age (continuous); educational level (primary, apprenticeship, secondary and 

university); smoking status (never, former, current), sedentary status (yes/no) and baseline anthropometric value (continuous). §, standardized beta 

coefficient as obtained by linear regression, using dietary scores or patterns and GRS as continuous variables. 
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Table 4: prospective analysis, association between quartiles of dietary and genetic scores and increases in weight>5 kg and waist >5 cm, all 

participants (N=2542), univariate and multivariate adjusted, CoLaus study, Lausanne, Switzerland. 

 Univariate Multivariate 

 Weight Waist Weight Waist 

AHEI     

Q1 [3; 25] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [25.5; 32] 0.77 (0.56, 1.05) 0.63 (0.49, 0.81) 0.78 (0.57, 1.08) 0.64 (0.50, 0.82) 

Q3 [32.5; 39] 0.68 (0.49, 0.95) 0.60 (0.46, 0.78) 0.71 (0.50, 0.99) 0.60 (0.46, 0.79) 

Q4 [39.5; 67.5] 0.68 (0.49, 0.95) 0.63 (0.49, 0.82) 0.72 (0.51, 1.02) 0.65 (0.50, 0.85) 

Test for trend         

OR (95%) § 0.99 (0.97 - 0.99) 0.98 (0.97 - 0.99) 0.99 (0.98 - 1.00) 0.98 (0.97 - 0.99) 

P-value 0.026 <0.001 0.075 <0.001 

Mediterranean 1     

Q1 [0; 3] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [4; 4] 0.85 (0.63, 1.15) 0.75 (0.59, 0.96) 0.86 (0.64, 1.16) 0.75 (0.59, 0.95) 

Q3 [5; 5] 0.81 (0.59, 1.11) 0.79 (0.62, 1.02) 0.81 (0.58, 1.12) 0.79 (0.61, 1.01) 

Q4 [6; 8] 0.54 (0.37, 0.80) 0.74 (0.56, 0.98) 0.55 (0.37, 0.82) 0.73 (0.55, 0.97) 

Test for trend         

OR (95%) § 0.88 (0.82 - 0.96) 0.92 (0.86 - 0.98) 0.89 (0.82 - 0.96) 0.91 (0.86 - 0.97) 

P-value 0.002 0.007 0.005 0.005 

Mediterranean 2     
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Q1 [0; 3] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [4; 5] 0.75 (0.56, 1.01) 0.88 (0.70, 1.10) 0.77 (0.57, 1.03) 0.87 (0.69, 1.10) 

Q3 [6; 6] 0.93 (0.67, 1.31) 0.83 (0.63, 1.09) 0.94 (0.67, 1.33) 0.81 (0.61, 1.07) 

Q4 [7; 9] 0.64 (0.44, 0.92) 0.58 (0.43, 0.78) 0.63 (0.43, 0.91) 0.57 (0.43, 0.77) 

Test for trend         

OR (95%) § 0.94 (0.88 - 0.99) 0.92 (0.88 - 0.97) 0.94 (0.88 - 0.99) 0.92 (0.88 - 0.97) 

P-value 0.032 0.001 0.038 0.001 

Meat & fries     

Q1 [-3.06;-0.83] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [-0.83;-0.24] 1.46 (1.03, 2.08) 1.28 (0.98, 1.67) 1.38 (0.96, 1.98) 1.23 (0.94, 1.62) 

Q3 [-0.24; 0.48] 1.21 (0.84, 1.74) 1.13 (0.86, 1.48) 1.09 (0.75, 1.59) 1.06 (0.80, 1.39) 

Q4 [0.48; 70.75] 1.61 (1.14, 2.27) 1.11 (0.85, 1.45) 1.33 (0.91, 1.92) 0.98 (0.73, 1.30) 

Test for trend         

OR (95%) § 1.19 (1.07 - 1.31) 1.05 (0.99 - 1.12) 1.12 (1.01 - 1.24) 1.04 (0.98 - 1.09) 

P-value 0.001 0.113 0.032 0.201 

Fruits & vegetables     

Q1 [-4.05;-1.04] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [-1.04;-0.17] 0.81 (0.59, 1.13) 0.81 (0.63, 1.05) 0.87 (0.62, 1.22) 0.83 (0.64, 1.08) 

Q3 [-0.17; 0.88] 0.57 (0.40, 0.81) 0.60 (0.46, 0.78) 0.63 (0.44, 0.91) 0.62 (0.47, 0.82) 

Q4 [0.88; 12.79] 0.86 (0.62, 1.19) 0.64 (0.49, 0.83) 1.00 (0.71, 1.41) 0.67 (0.51, 0.89) 

Test for trend         
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OR (95%) § 1.01 (0.93 - 1.09) 0.91 (0.85 - 0.97) 1.06 (0.97 - 1.15) 0.92 (0.86 - 0.99) 

P-value 0.818 0.003 0.189 0.019 

Fatty & sugary     

Q1 [-3.97; -0.9] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [-0.89;-0.04] 0.72 (0.51, 1.00) 0.89 (0.69, 1.15) 0.73 (0.52, 1.03) 0.89 (0.68, 1.15) 

Q3 [-0.04; 0.87] 0.59 (0.42, 0.84) 0.75 (0.57, 0.98) 0.61 (0.43, 0.87) 0.75 (0.57, 0.98) 

Q4 [0.87; 9.67] 0.94 (0.68, 1.29) 0.86 (0.66, 1.11) 0.94 (0.68, 1.29) 0.84 (0.64, 1.09) 

Test for trend         

OR (95%) § 0.99 (0.91 - 1.08) 0.96 (0.90 - 1.03) 0.99 (0.91 - 1.08) 0.95 (0.89 - 1.02) 

P-value 0.876 0.232 0.851 0.180 

GRS 31 SNPs     

Q1 [28.3; 50.7] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [50.7; 55.5] 0.94 (0.67, 1.32) 1.10 (0.85, 1.42) 1.00 (0.71, 1.41) 1.11 (0.85, 1.43) 

Q3 [55.5; 60.7] 0.93 (0.66, 1.30) 0.86 (0.66, 1.12) 0.99 (0.71, 1.40) 0.86 (0.66, 1.12) 

Q4 [60.7; 79.9] 1.12 (0.81, 1.55) 0.97 (0.74, 1.25) 1.22 (0.88, 1.71) 0.97 (0.75, 1.26) 

Test for trend         

OR (95%) § 1.00 (0.99 - 1.02) 1.00 (0.99 - 1.01) 1.01 (0.99 - 1.02) 1.00 (0.99 - 1.01) 

P-value 0.760 0.863 0.405 0.928 

GRS 68 SNPs     

Q1 [40.6; 57.7] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 

Q2 [57.7; 61.2] 1.33 (0.95, 1.88) 1.15 (0.88, 1.50) 1.36 (0.96, 1.93) 1.15 (0.88, 1.49) 
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Q3 [61.2; 64.5] 1.33 (0.95, 1.88) 1.13 (0.87, 1.47) 1.46 (1.03, 2.07) 1.15 (0.88, 1.50) 

Q4 [64.5; 78.9] 1.23 (0.87, 1.74) 1.08 (0.83, 1.41) 1.31 (0.92, 1.86) 1.08 (0.83, 1.41) 

Test for trend         

OR (95%) § 1.01 (0.99 - 1.04) 1.00 (0.99 - 1.02) 1.02 (0.99 - 1.04) 1.01 (0.99 - 1.02) 

P-value 0.298 0.639 0.158 0.589 

AHEI, alternative healthy eating index; Q, quartile; GRS, genetic risk score; ref, reference; SNP, single nucleotide polymorphism; OR, odds ratio; 

CI, confidence interval. Quartile boundaries are indicated in square brackets. Results are expressed as univariate or multivariate-adjusted odds ratio 

and (95% confidence interval). Statistical analysis performed separately for each score using logistic regression, simple or adjusted for sex, age 

(continuous), educational level (primary, apprenticeship, secondary and university); smoking status (never, former, current) and sedentary status 

(yes/no). §, OR and 95% CI for one unit increase, using dietary scores or patterns and GRS as continuous variables. 
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