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eMethods 1. Data Sources, Study Design, Measurements, and Phenotype Definitions. 
 
 
UK Biobank 
 
 UK Biobank (data collection: 2006-2018) is a prospective population-based cohort of 
~500,000 people aged 40-69 years who were recruited in 2006-2010 from 22 centers across the 
United Kingdom.1 These centers included urban and rural areas in order to capture a variety of 
environmental settings and disease exposures representative of the UK population. Participants 
underwent a recruitment visit with digital questionnaire and nurse interviews for the collection 
of data on medical history, medications and other health variables, physical measurements 
including anthropometry and collection of biological samples including DNA. Data from 
participant linkage to hospital admission records, cancer and mortality registries are also 
available. 
 General anthropometry measures including height, weight, body mass index (BMI), waist 
circumference, hip circumference, waist-to-hip ratio (WHR) have been collected using a 
standardized protocol: https://biobank.ctsu.ox.ac.uk/crystal/docs/Anthropometry.pdf 
 Blood pressure was measured at baseline using an Omron blood pressure monitor with a 
standardized procedure: http://biobank.ctsu.ox.ac.uk/crystal/docs/Bloodpressure.pdf 
 Dual energy X-ray absorptiometry (DEXA) measures were obtained by scanning 
participants using a GE-Lunar iDXA instrument following a standardized protocol: 
http://biobank.ctsu.ox.ac.uk/crystal/docs/DXA_explan_doc.pdf 
 Type 2 diabetes and coronary artery disease definitions were in line with previous 
literature2-4 and are described in the Methods section of the main text. Genome-wide 
genotyping was performed using the Affymetrix UK BILEVE or the Affymetrix UK Biobank 
Axiom arrays with imputation to the Haplotype Reference Consortium r1.15 reference panel.6 
Participant characteristics1 and genotyping methods have been previously reported in detail.6 
Participant characteristics are summarized in Table 2.  
 
 
Fenland study 
 
 The Fenland study (data collection: 2005-2018) is a prospective population-based cohort 
study of 12,435 participants without diabetes born between 1950 and 1975.7 Participants were 
recruited from outpatient primary care clinics in Cambridge, Ely and Wisbech (United 
Kingdom) and underwent a baseline visit in 2005-2015 for detailed metabolic phenotyping 
including DEXA measurements and sample collection including DNA. Follow-up with a 
second visit started in 2015 and is ongoing. Genome-wide genotyping was performed using the 
Affymetrix genome-Wide Human SNP Array 5.0, the Affymetrix UK Biobank Axiom Array 
or the Illumina CoreExome-24v1 chip, with imputation to the Haplotype Reference 
Consortium r1.0/r1.15 and the UK10K8 plus 1000 Genomes phase 39 reference panels. A total 
of 10,309 participants had data on both DEXA measurements and genome-wide genotyping 
and were included in this study (eTable 2). 
 
 
EPIC-Norfolk study 
 
 EPIC-Norfolk (data collection: 1993-2018) is a prospective population-based cohort study 
of 25,639 individuals aged 40-79 years and living in the Norfolk county in the United Kingdom 
at recruitment (1993-1997).10 EPIC-Norfolk is a constituent cohort of the European Prospective 
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Investigation of Cancer (EPIC).11 Participants were recruited via outpatient primary care clinics 
in rural areas, market towns and the city of Norwich and were later recalled for three follow-
up visits. Follow-up is ongoing via further visits, linkage to hospital admission records, cancer 
and mortality registries. In their health check visits, participants underwent biological sampling 
including DNA collection. Genome-wide genotyping was performed using the Affymetrix UK 
Biobank Axiom Array, with imputation to the Haplotype Reference Consortium r1.05 and the 
UK10K8 plus 1000 Genomes phase 39 reference panels. A total of 4,184 participants had data 
on both DEXA measurements and genome-wide genotyping and were included in this study 
(eTable 2). 
 
 
DEXA protocol in Fenland and EPIC-Norfolk 
 
 In the Fenland and EPIC-Norfolk studies, body composition was determined by DEXA 
using a Lunar Prodigy advanced fan beam scanner (GE Healthcare, Bedford, UK) and the 
encore v14.10.022 and CoreScan® software (GE Healthcare, Bedford UK). Participants were 
scanned by trained operators using standard imaging and positioning protocols. The enCORE 
software was used to demarcate regional boundaries. All the images were manually processed 
by one trained researcher, who corrected demarcations according to a standardized procedure 
(eFigure 1). Before scanning, the DEXA system was calibrated according to the 
manufacturer’s guidelines using a spine phantom made of calcium hydroxyapatite, embedded 
in a lucite block. The arm region was derived by positioning a line from the crease of the axilla 
and through the glenohumeral joint. The trunk region included the neck, chest, abdominal and 
pelvic areas. The leg region included all of the area below the lines that form the lower borders 
of the trunk. The abdominal region was defined as the area between the ribs and the pelvis, and 
is enclosed by the trunk region. This region is outlined by iliac crest and with a superior height 
equivalent to 20% of the distance from the top of the iliac crest to the base of the skull. The 
gluteofemoral region includes the hips and upper thighs. The upper demarcation is below the 
top of the iliac crest at a distance of 1.5 times the abdominal height. The total height of the 
gluteofemoral region is two times the height of the abdominal region. Estimates of regional 
body fat mass were derived using the DEXA software. The coefficient of variation for scanning 
precision, calculated from 30 consecutive scans, was 2% for total fat mass. The software also 
uses a proprietary inbuilt algorithm to determine visceral abdominal fat mass (in grams) within 
the abdominal region, validated by the manufacturer using computed tomography and magnetic 
resonance imaging. The inbuilt algorithm estimates visceral abdominal fat mass by firstly 
estimating the subcutaneous fat width and the anteroposterior thickness of the abdominal wall. 
These measurements together with derived geometric constants are used to extrapolate the 
amount of subcutaneous fat mass in the abdominal region. Visceral abdominal fat mass is then 
calculated by subtracting the estimated subcutaneous abdominal fat mass from the total 
abdominal fat mass. 
 
 
EPIC-InterAct 
 
 EPIC-InterAct12 is a case-cohort study of incident type 2 diabetes nested within the 
European Prospective Investigation into Cancer and Nutrition (EPIC) study, a cohort study of 
~500,000 European participants followed-up for an average of 8 years.11 Eight of the ten 
constituent EPIC cohorts agreed to take part in EPIC-InterAct leaving 455,680 participants for 
screening. Individuals were excluded from EPIC-InterAct if they did not have stored blood 
(n=109,625) or information on diabetes status (n=5,821; 1.3% of participants screened for 
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inclusion). From the remaining 340,234 participants, 12,403 individuals who developed type 2 
diabetes during follow-up constituted the incident case group of EPIC-InterAct and a random 
group of 16,154 individuals free of diabetes at baseline constituted the subcohort group of 
EPIC-InterAct. Subcohort participants were previously shown to be representative of eligible 
EPIC participants within each country.12 Incident type 2 diabetes case status was defined on 
the basis of evidence of type 2 diabetes from self-report, primary care registers, drug registers 
(medication use), hospital record or mortality data.12 Data on a total of 20,831 participants with 
available genotyping (with no overlap with DIAGRAM) were included in this study. Type 2 
diabetes status was available in all included participants. Genome-wide genotyping was 
performed using the Illumina 660w quad and Illumina CoreExome chip, with imputation to the 
Haplotype Reference Consortium r1.05 reference panel. Data collection took place between 
1991 and 2018. Participant characteristics and genotyping methods have been previously 
reported in detail12 and are summarized in eTable 3. 
 
 
The Genetic Investigation of Anthropometric Traits (GIANT) consortium  
 
 The GIANT consortium published a large-scale genome wide association study (GWAS) 
of BMI-adjusted WHR in 210,086 individuals of European ancestry.13 Genetic analyses 
included 116,742 (56%) women. BMI-adjusted WHR was defined as ratio of waist and hip 
circumferences adjusted for age, age-squared, study-specific covariates and BMI. For each 
cohort, residuals were calculated for men and women separately and then transformed by the 
inverse standard normal function. The European participants of GIANT included 142,762 
individuals from 57 cohorts genotyped with genome-wide genotyping arrays and 67,326 
individuals from 44 cohorts genotyped with the Metabochip array. In the GIANT cohorts, the 
GWAS genotyping scaffold was imputed up to CEU haplotypes from HapMap phase 2 
resulting in ~2.5 million SNPs available for analysis. Quality control criteria for inclusion of 
SNP in the analysis included a combination of minor allele frequency, call rate, Hardy–
Weinberg equilibrium and imputation quality tailored to each individual contributing cohort as 
described by Shungin and colleagues.13 Genome-wide associations were estimated individual 
cohorts using additive models in a linear regression framework. Before the GIANT meta-
analysis, SNPs were removed if they had a minor allele count ≤ 3, deviation from Hardy-
Weinberg equilibrium (P for deviation < 10−6), directly genotyped SNP call rate < 95%, or low 
imputation quality (below 0.3 for MACH, 0.4 for IMPUTE, and 0.8 for PLINK). The published 
summary statistics were used as input for the meta-analysis with UK Biobank data that forms 
the basis of the primary analysis of this manuscript.  
 
Data on anthropomorphic traits including BMI, WHR, BMI-adjusted WHR, waist and hip 
circumference associations have been contributed by the GIANT consortium investigators13,14 
and have been downloaded from: 
www.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_data_files 
 
Global Lipid Genetic consortium (GLGC)  
Data on LDL cholesterol (LDL-C), HDL cholesterol (HDL-C) and triglycerides associations 
have been contributed by the Global Lipids Genetics consortium investigators15 and have 
been downloaded from: 
www.sph.umich.edu/csg/abecasis/public/lipids2013/ 
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Meta-analyses of Glucose and Insulin-related Traits consortium (MAGIC)  
Data on fasting glucose and fasting insulin associations have been contributed by MAGIC 
investigators16,17 and have been downloaded from: www.magicinvestigators.org 
 
Diabetes Genetics Replication and Meta-analysis (DIAGRAM) consortium 
Data on type 2 diabetes associations have been contributed by DIAGRAM investigators18 and 
have been downloaded from: diagram-consortium.org/downloads.html 
 
Coronary Artery Disease Genome-wide Replication and Meta-analysis plus the Coronary 
Artery Disease Genetics consortium (CARDIoGRAMplusC4D consortium)  
Data on coronary artery disease associations have been contributed by the 
CARDIoGRAMplusC4D investigators19 and have been downloaded from: 
http://www.cardiogramplusc4d.org/ 
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eMethods 2. Genetic Association Analyses. 
 
Genome-wide analysis in UK Biobank 
 
 Stage 1 of the study investigated the association of genetic variants across the genome with 
BMI-adjusted WHR and unadjusted WHR, a convenient and robustly validated measure of fat 
distribution which has been extensively used in genetic studies of body fat distribution and its 
links to cardio-metabolic disease.13,20,21 To align UK Biobank analyses to the ones performed 
by the GIANT consortium, the phenotype was constructed as the ratio of waist and hip 
circumferences adjusted for age, age-squared and BMI. Residuals were calculated for men and 
women separately and then transformed by the inverse standard normal function. Genome-
wide analyses of BMI-adjusted WHR included 450,562 participants of European ancestry with 
available WHR, genotype data, covariates for phenotype definition. Genome-wide analyses of 
BMI-unadjusted WHR included 451,382 participants of European ancestry with available 
WHR, genotype data, covariates for phenotype definition. European ancestry was defined 
using a k-means approach applied to principal components of genetic data. Genotype quality 
control in UK Biobank followed guidelines that have been published in details elsewhere.6 
Genetic variants were genotyped in UK Biobank using the Affymetrix UK BILEVE or the 
Affymetrix UK Biobank Axiom arrays. Genotyping underwent a number of quality control 
procedures including (a) routine quality checks carried out during the process of sample 
retrieval, DNA extraction, and genotype calling; (b) checks and filters for genotype batch 
effects, plate effects, departures from Hardy-Weinberg equilibrium, sex effects, array effects, 
and discordance across control replicates; (c) individual and genetic variant call rate filters. 
Genotype imputation was performed using Haplotype Reference Consortium r1.1 as reference 
dataset for haplotype and linkage disequilibrium reconstruction.6 SNPs were excluded from 
genome-wide association analysis if they had a minor allele frequency of less than 0.1% or 
imputation info score below 0.4. Genome-wide association analyses were conducted using the 
BOLT-LMM software22 to fit linear mixed models accounting for a genomic kinship matrix 
and genotype chip.  
 
 
Meta-analysis, quality control of results and selection of lead genetic variants. 
 
 Inverse variance weighted meta-analysis between UK Biobank and GIANT was performed 
using fixed-effect models with the METAL software.23 After meta-analysis, bi-allelic single 
nucleotide polymorphisms of the autosomal chromosomes (not considering genetic variants on 
the X or Y chromosome) were retained in the analysis if they met all of the following criteria: 
(a) minor allele frequency ≥0.5% in the combined dataset; (b) available estimates in both 
GIANT and UK Biobank; (c) sample size of at least 50% of the maximum overall sample size. 
Genetic variants with inconsistent effect allele frequency between the two studies or showing 
heterogeneous estimates were excluded. These criteria yielded ~2.45 million genetic variants 
for the primary analysis. To identify independent genetic variants, an iterative forward section 
strategy was employed. At each iteration, the list of genetic variants associated with BMI-
adjusted WHR at the genome-wide level of statistical significance24 (P<5×10-08) was sorted by 
smallest P-value and genetic variants within 1,000,000 base pairs each side of the top genetic 
variant were pruned. The resulting list of genetic variants was further pruned on the basis of 
pairwise linkage disequilibrium such that the final list of independent genetic variants had no 
or negligible linkage disequilibrium (pairwise R2 <.05 using linkage disequilibrium data of 
EUR populations from the 1000 Genomes project).9 Any genetic variant that was not associated 
in the parallel analysis of WHR unadjusted for BMI at the genome-wide level of statistical 



© 2018 American Medical Association. All rights reserved. 

significance (P<5×10-08) was excluded. By doing so, this study focused on genetic variants 
robustly associated with WHR but not primarily associated with BMI in either direction. The 
list of 202 independent genetic variants is in eTable 6. 
 
 
Methods to control for type I error 
  
 In genome-wide association studies it is important to control for false positive associations 
due to genetic confounding. The main sources of genetic confounding are relatedness or 
population stratification, defined as differences in outcome phenotype (in this case WHR) by 
genotype due to systematic differences in genetic ancestry rather than genuine association of 
genetic variants with the outcome. Different methods have been proposed to measure possible 
confounding in genome-wide studies.25 The Genomic Control lambda (λGC) a measure of 
inflated distribution of test statistics in GWAS was traditionally used for this purpose, with 
values below 1.1 being considered consistent with good control of genetic confounding. 
Correction of association estimates using the λGC value (i.e. GC-correction) was often used as 
a means to reduce false positives. However, “polygenicity”, i.e. the presence of many true small 
genetic associations as typically observed for most common diseases and health traits, and 
genetic confounding can both yield an inflated distribution of test statistics. The λGC value has 
been shown to be unable to distinguish between inflation due to true polygenic signal or 
population stratification, such that λGC value can be highly inflated (even with values well 
above 1.1) in large studies due to true signal, in the absence of confounding.25 The intercept of 
the linkage disequilibrium score (LDSC) regression, a method that regresses association 
statistics for each genetic variant against measures of its linkage disequilibrium pattern (i.e. its 
correlation with other genetic variants), has been demonstrated to be a more robust measure of 
possible confounding because it is less influenced by true signal in large sample sizes compared 
with λGC.25 It is important to note that the interpretation of the LDSC-regression intercept is 
different from that of the λGC, as values up to 1.5 are still observed in large studies in the 
absence of confounding, since deviations from the theoretical model (e.g., attenuation bias) are 
proportional to the level of signal in the study.26 The attenuation ratio statistic, calculated as 
(LDSC intercept – 1) / (mean χ2 statistic – 1), calibrates the intercept against the overall shift 
in χ2 statistic due to true polygenic associations. Measures of attenuation ratio of 0.08 or less 
with a LDSC intercept below 1.5 in studies of the size of UK Biobank using linear mixed model 
methods are consistent with optimal control for genetic confounding.26 In this study, 
parameters for GWAS analyses of both BMI-adjusted WHR (mean χ2=2.50; LDSC-regression 
intercept, 1.098; attenuation ratio, 0.07) and unadjusted WHR (mean χ2=2.68; LDSC-
regression intercept, 1.096; attenuation ratio, 0.06) calculated using the LDSC-regression 
baselineLD model25,26 were consistent with optimal control for genetic confounding. We also 
estimated these parameters using the alternative baseline-annotation LDSC-regression model 
(BMI adjusted WHR: mean χ2=2.50; LDSC-regression intercept, 1.044; attenuation ratio, 0.03; 
unadjusted WHR: mean χ2=2.68; LDSC-regression intercept, 1.053; attenuation ratio, 0.03) or 
after excluding genetic variants with absolute z-score greater than 8.9 (BMI adjusted WHR: 
mean χ2=2.43; LDSC-regression intercept, 1.117; attenuation ratio, 0.08; unadjusted WHR: 
mean χ2=2.64; LDSC-regression intercept, 1.108; attenuation ratio, 0.07), also obtaining 
estimates consistent with optimal control for genetic confounding.25,26 This reflects several 
measures adopted to control for type I errors in this study: (a) in GIANT, restriction to 
participants of European ancestry, adjustment for genetic principal components and GC-
correction before and after meta-analysis (likely an overly-conservative correction); (b) in UK 
Biobank, restriction to participants of European ancestry and use of linear mixed models that 
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adjust for a genomic kinship matrix26 (considered the “gold standard” for control of 
confounding in genetic studies).  
 In addition, a sensitivity analysis of the association with cardio-metabolic disease 
outcomes of polygenic scores for higher WHR was conducted after correcting for LDSC-
regression intercept estimates (eMethods 7). 
 
 
Additional quality control analyses 
 
 Following Stage 1 GWASs, genetic variants were selected for inclusion in polygenic 
scores on the basis of associations with WHR at the genome wide level of statistical 
significance24 (P<5×10-08 in both analyses adjusted or unadjusted for BMI). This is a stringent 
threshold that is widely accepted as a way of selecting genetic variants robustly and 
reproducibly associated with a phenotype in the context of GWAS.24 Additional analyses were 
conducted in this study to validate the associations of the 202 genetic variants identified in 
Stage 1. First, association estimates with BMI-adjusted WHR for the 202 genetic variants were 
highly consistent between UK Biobank and GIANT (eFigure 12). Second, association 
estimates with BMI-adjusted WHR for the 202 genetic variants were highly consistent in 
analyses before (main analysis) and after (sensitivity analysis) the exclusion of cases of type 2 
diabetes or coronary artery disease in UK Biobank (eFigure 13), showing that associations 
estimates are robust to case inclusion. Third, the association of the 202-variant polygenic score 
for higher WHR was estimated in participants of the EPIC-InterAct subcohort not included in 
the Stage 1 GWAS (beta in standard deviation units of BMI-adjusted WHR in EPIC-InterAct 
per 1-SD increase in BMI-adjusted WHR, 0.92; 95% confidence interval, 0.82, 1.01; P<.001). 
Fourth, derived polygenic scores were associated with abdominal-to-gluteofemoral fat mass 
ratio, a “gold-standard” measure of fat distribution (Figure 1).  



© 2018 American Medical Association. All rights reserved. 

eMethods 3. Selection of Subsets of Genetic Variants Associated With Higher WHR via a 
Specific Association With Higher Waist Circumference, or via a Specific Association With 
Lower Hip Circumference. 
 
 The association of the 202 genetic variants with waist circumference, a measure of 
abdominal fat, and hip circumference, a measure of gluteofemoral fat, was estimated to identify 
genetic variants specifically associated with gluteofemoral versus abdominal fat distribution 
(Table 1). These subsets of genetic variants were used to derive polygenic scores for higher 
WHR specific to the gluteofemoral or abdominal fat component of body fat distribution. 
Genetic variants were classified as being specifically associated with abdominal fat distribution 
if they were associated with higher waist circumference (P<.00025, a Bonferroni correction for 
202 genetic variants) but were not associated with hip circumference (P>.20 in 664,446 
people). Genetic variants were classified as being specifically associated with gluteofemoral 
fat distribution if they were associated with lower hip circumference (P<.00025), but not with 
waist circumference (P>.50 in 683,549 people). This stricter threshold which was necessary 
because of residual associations with waist circumference of an initial polygenic score derived 
using P>.20 (beta in standardized units of waist circumference per 1-SD increase in BMI-
adjusted WHR due to polygenic score, 0.040; standard error, 0.014; P=0.006).  
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eMethods 4. Assessment of Performance and Statistical Power of Polygenic Scores for 
Higher WHR.  
 
 In Stage 2 of this study (Table 1), polygenic scores capturing genetic predisposition to 
higher WHR were derived using 202 independent genetic variants from Stage 1. The statistical 
performance of these polygenic scores was assessed by estimating the proportion of the 
variance in BMI-adjusted WHR accounted for by the score (variance explained) and by the F-
statistic. The F-statistic is a measure of the ability of the polygenic score to predict the 
independent variable (BMI-adjusted WHR) in a dataset, with values above 10 providing 
evidence of a statistically robust polygenic score.27 Variance in BMI-adjusted WHR (outcome) 
explained by the polygenic scores (exposure) was estimated in 350,721 unrelated European 
ancestry participants of UK Biobank using linear regression models adjusted for age, sex, and 
genetic principal components (covariates). The variance explained (R2

explained) by the polygenic 
score was estimated as R2 for a model with the polygenic score minus R2 for a model with 
covariates only. The F-statistic was calculated as (R2

explained * sample size) / (1 - R2
explained). The 

202-variant general score (variance in BMI-adjusted WHR explained by score in UK 
Biobank=3.4%, F-statistic=12,231), 22-variant hip-specific score (variance explained=0.4%, 
F-statistic=1,550), 36-variant waist-specific score (variance explained=0.4%, F-
statistic=1,444), and 144-variant general score (variance explained=2.6%, F-statistic=9,177) 
were statistically strong polygenic scores for BMI-adjusted WHR in UK Biobank. For 
comparison, a previous polygenic score for higher WHR derived using 48 previously-known 
genetic variants had an F-statistic of 1,713 in an analysis of 111,986 individuals.21 Also, the 
waist-specific and hip-specific polygenic scores for higher WHR derived in this study had 
similar R2

explained and F-statistic, making a comparison between the two scores balanced.  
 To illustrate statistical power for analyses of the association of polygenic scores with 
cardio-metabolic disease outcomes, power curves for a binary outcome were generated 
(eFigure 2). Statistical power curves described the statistical power of each of the four 
polygenic scores for higher WHR to detect an association with increasing effect size (log-odds 
ratio) for type 2 diabetes or coronary disease given (a) the multiple-test corrected P<.0063 
(Bonferroni correction for four polygenic scores and two outcome traits), (b) the sample size 
and (c) the variance explained by the polygenic scores (eFigure 2). Also, post-hoc calculations 
of the statistical power to detect the effect size estimated in the actual analyses were generated 
for each polygenic score (eFigure 2). Power exceeded 99% in each of these analyses (eFigure 
2). 
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eMethods 5. Assumptions and Interpretation of Association Analyses Between Polygenic 
Scores for Higher WHR and Outcome Traits. 
 
Assumptions and interpretation of polygenic score to outcome trait association analyses 
  
 The association analyses between polygenic scores and outcome traits assume an 
approximately normal distribution of polygenic score and continuous outcome. They also 
assume a linear relationship of the polygenic score with continuous outcomes or with the log-
odds (or log-hazard) for binary outcomes (or time-to-event analyses). The large sample size 
and availability of individual-level genotype data in UK Biobank allowed to assess if these 
assumptions are met. In UK Biobank all four polygenic scores for higher WHR followed an 
approximately normal distribution (eFigure 3). Also standardized continuous outcome 
variables were normally distributed (representative plots for systolic and diastolic blood 
pressure in UK Biobank are shown in eFigure 4). The linear relationship of 202-variant 
polygenic score for higher WHR with outcomes was validated in UK Biobank, where the large 
sample size and availability of individual-level data allows estimating associations of quantiles 
of the polygenic score with outcome traits. The associations with systolic or diastolic blood 
pressure or the log-odds ratios of coronary disease or diabetes were estimated in quartiles of 
the polygenic score compared to the bottom quartile (eFigure 5). In all analyses, associations 
were consistent with a linear relationship (eFigure 5).  
 
 
Interpretation of polygenic score association analyses 
 
 Associations for polygenic scores estimated the difference in levels of risk factor or odds 
of binary outcome per 1-SD increase in BMI-adjusted WHR due to a given polygenic score. 
For the hip-specific and waist-specific polygenic scores, association analyses specifically 
estimated the difference in outcome per 1-SD increase in BMI-adjusted WHR via lower 
gluteofemoral or higher abdominal fat distribution due to specific genetic variants included in 
those scores. In UK Biobank, one standard deviation of age-, sex- and BMI-residualized WHR 
is 0.056 ratio units. Thus, associations can be interpreted as roughly corresponding to the 
difference in outcome per 0.056 WHR units increase while keeping BMI constant. This 
interpretation assumes that the value of 1 SD in BMI-adjusted WHR remains the same at 
different levels of the distribution of age-, sex- and BMI-residualized WHR. This assumption 
was validated using individual level data from UK Biobank. First age-, sex- and BMI-
residualized WHR was shown to follow an approximately normal distribution (eFigure 6). 
Second, a 1-SD increase in standardized BMI-adjusted WHR was shown to correspond to a 
similar difference in age-, sex- and BMI-residualized WHR at different levels of the population 
distribution (eTable 4). 
  
 
Meta-analysis of log-odds ratios and log-hazard ratios in disease outcomes association 
analyses 
 
 In disease outcomes association analyses, association estimates from studies with different 
design and analytical approaches were pooled using inverse-variance weighted fixed-effect 
meta-analysis. This assumes that log-odds ratios estimated by logistic regression in case-
control analyses (e.g. UK Biobank) and log-hazards ratios estimated in case-cohort analyses 
(e.g. EPIC-InterAct) are similar. The validity of this assumption was tested in EPIC-InterAct, 
where associations of each of the 202 WHR-associated genetic variants with incident type 2 
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diabetes estimated using weighted Cox regression (as in the main analysis of this manuscript) 
or logistic regression (from a sensitivity analysis) were compared. Association estimates from 
the two methods were highly correlated (correlation=0.98, P<0.001; eFigure 7). 
 
 
Scaling of association estimates 
 
 To facilitate the interpretation of associations with different continuous outcomes (e.g. 
blood pressure or LDL-C), the associations are reported both in clinical units and in 
standardized units per 1-SD increase in BMI-adjusted WHR due to polygenic score. The former 
aids interpretation, while the latter comparability of association estimates across outcomes (e.g. 
in Figure 2). Estimates from summary-level results were converted to standard deviation units 
or to clinical units using the standard deviation of the trait in the UK Biobank or Fenland 
studies. eTable 5 summarizes conversion factors and their sources. Associations for type 2 
diabetes and coronary artery disease are reported as odds ratios (OR) or absolute risk increase 
(ARI) per 1-SD increase in BMI-adjusted WHR due to polygenic score. The absolute risk 
increase was calculated from the odds ratio using the formula: ARI = (OR – 1) * incidence rate, 
as previously described.21 Incidence rates were those for the population of the United States, 
consistent with previous analyses.21 The incident rate for type 2 diabetes was the one reported 
by the Center for Disease Control and Prevention, i.e. 7.8 incident cases per 1000 participant-
years of follow up.28 The incident rate for coronary artery disease was the one reported by the 
American Heart Association, i.e. 3.9 incident cases per 1000 participant-years of follow up.29  
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eMethods 6. Multivariable Genetic Association Analyses. 
 
Rationale  
 
 In addition to deriving specific polygenic scores, the independent role of gluteofemoral or 
abdominal fat distribution was studied using multivariable genetic association analyses. The 
association of the 202-variant general polygenic score (exposure) with cardio-metabolic 
outcomes was estimated while adjusting for the association of the 202 genetic variants with 
measures of abdominal fat distribution or with measures of gluteofemoral fat distribution 
(covariates). In this study, adjusting for abdominal fat distribution measures was used as a way 
of estimating the residual association of the polygenic score with outcomes via gluteofemoral 
fat distribution, while adjusting for gluteofemoral fat distribution measures as a way of 
estimating the residual association via abdominal fat distribution (eFigure 8). The key 
assumption is that genetic variants associated with BMI-adjusted WHR are associated with 
cardio-metabolic outcomes (e.g. type 2 diabetes) via either abdominal or gluteofemoral fat 
distribution, with no direct association when adjusting for both abdominal and gluteofemoral 
fat distribution. This assumption is valid as adjusting for both waist and hip circumference in 
the same model abrogates the association of the 202-variant polygenic score with type 2 
diabetes or coronary disease (eFigure 8B and eTable 12). Therefore, multivariable models 
estimate associations while controlling for either of these two components, as opposed to 
bivariable models which capture both components. A graphic summary is illustrated in eFigure 
8.  
 
 
Assumptions  
 
 Multivariable polygenic score association analyses are an extension of the standard 
bivariable polygenic score analysis that allows multiple risk factors to be modelled at once.30,31 
Multivariable analyses assume that genetic variants influence a set of multiple measured risk 
factors, in this case WHR and its components including measures of abdominal or 
gluteofemoral fat distribution (eFigure 8). 
 In these multivariable analyses, a genetic variant is a valid instrumental variable for 
inclusion in a polygenic score if the following criteria hold:  
 
• Assumption 1, Relevance: Each genetic variant is associated with at least one of the risk 
factors. 
• Assumption 2, Exchangeability: Each genetic variant is independent of all confounders of 
each of the risk factor–outcome associations. 
• Assumption 3, Exclusion restriction: Each genetic variant is independent of the outcome 
conditional on the risk factors and confounders. 
 
 Assumption 1 is met as all 202 genetic variants included here are associated with BMI-
adjusted WHR. Evidence that Assumption 2 and 3 are met comes from diagnostic funnel plots32 
presented in eFigure 9 and from the observation that the 202-variant polygenic score is not 
associated with outcomes after adjusting for waist- and hip-circumference associations in the 
same model (eTable 12).  
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Statistical methods 
 
 Bivariable models are fitted using an inverse-variance weighted multivariable regression 
allowing for a multiplicative error, to account for additional heterogeneity:  

	

	 , 	~	 0,  
 
 
 Where the association with the outcome (  ) is the response and the genetic association 
with the risk factor (  ) is the predictor, the polygenic score association estimate is θ, the 
random-effects (overdispersion) parameter is φ, and the weighting is to ensure that genetic 
variants having more precise association estimates receive more weight in the analysis. 
 
 Multivariable models are fitted by including genetic associations with covariates ( ), 
e.g. waist circumference or hip circumference, into the regression model as covariates30,31: 
 

	 	 , 	~	 0,  
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eMethods 7. Secondary and Sensitivity Analyses. 
 
 Several analyses were conducted to estimate associations with other outcome traits beyond 
those of the main analysis and to assess the robustness of the main analysis results to a number 
of factors. Genetic variants included in each sensitivity analysis are listed in eTable 6. 
 Secondary outcome phenotypes included HDL-C from GLGC summary-statistics,15 
triglycerides-to-HDL-C ratio from the subcohort of EPIC-InterAct,12 height from UK Biobank1 
and non-diabetic hyperglycemia from the subcohort of EPIC-InterAct12 (eTables 7-8). 
 Factors possibly influencing the main analysis results that were considered were height 
associations, sex-specific associations, risk of false positives in Stage 1, risk of false positives 
in Stage 2. 
 Analysis 1: The polygenic scores for higher WHR were associated with lower HDL-C and 
higher triglyceride-to-HDL-C ratio (eTable 7), consistent with their association with 
triglycerides (Figure 2 and eFigures 15-16).  
 Analysis 2: The polygenic scores were associated with height in different directions 
(eTable 7). However, height associations did not influence associations of polygenic scores 
with disease outcomes as associations with outcomes remained statistically significant after 
removing from the polygenic scores any genetic variant individually associated with height 
(P<.05; eTable 10) or adjusting for height estimates in multivariable weighted regression 
models (eTable 11).  
 Analysis 3: In the EPIC-InterAct subcohort, the 202-variant and the 144-variant polygenic 
scores for higher WHR were associated with higher odds of non-diabetic hyperglycemia 
(eTable 8), consistent with their association with higher glycemic levels in non-diabetic 
individuals and higher odds of type 2 diabetes (eFigures 15-16). Participants with higher hip- 
and waist-specific polygenic scores for higher WHR had numerically higher odds of non-
diabetic hyperglycemia in the EPIC-InterAct subcohort (eTable 8), with a similar association 
estimate as the 202-variant and 144-variant polygenic scores, but the differences were not 
statistically significant, possibly reflecting the low sample size of this analysis and the lower 
variance explained by the hip- and waist-specific polygenic scores (eMethods 4 and eFigure 
2). 
 Analysis 4: To investigate whether sex-specific associations influenced the results of this 
study, the association of polygenic scores for higher WHR with type 2 diabetes and coronary 
artery disease were estimated in men and women separately using individual-level data from 
unrelated European ancestry participants of UK Biobank. The association of each polygenic 
score with type 2 diabetes or coronary artery disease was similarly strong in both men and 
women (Pheterogeneity>.05 in each analysis; eTable 9). Also, associations with type 2 diabetes 
and coronary disease were not affected in a sensitivity analysis after removing from the 
polygenic scores any genetic variant that showed any evidence of stronger association in either 
sex using a threshold of Pinteraction <.05 (eTable 10).   
 Analysis 5: While in GWASs for WHR in Stage 1 there was evidence of optimal control 
for type I error, a sensitivity analysis was conducted after correcting for LDSC-regression 
intercept estimates. First, for each genetic variant, standard errors for the association with BMI-
adjusted WHR and unadjusted-WHR were multiplied by the LDSC-intercept value of the 
corresponding GWAS. Then, genetic variants for which the P-value generated using the 
corrected standard errors was greater than 5×10-08 in either analysis were excluded from the 
polygenic scores. Associations with disease outcomes remained statistically significant in these 
sensitivity analyses (eTable 10). 
 Analysis 6: The criterion for selection of genetic variants into the hip-specific or waist-
specific polygenic scores was an association with hip- or waist-circumference at a Bonferroni 
correction for 202 genetic variants (see main text and eMethods 3). This threshold is justified 
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by the fact that genetic variants were pre-selected for association with WHR at the genome-
wide level of statistical significance, which raises the prior for their genuine association with 
either numerator (waist) or denominator (hip) of the waist-to-hip ratio. A sensitivity analysis 
was conducted using a genome-wide threshold for adjudication of statistical significance for 
association with hip- or waist-circumference, such that only genetic variants with P<×10-08 for 
the respective circumference were included in the sensitivity hip- or waist-specific polygenic 
scores. This left only 13 (sensitivity hip-specific polygenic score for higher WHR) and 4 
genetic variants (sensitivity waist-specific polygenic score for higher WHR) for analysis. 
Nonetheless, these sensitivity polygenic scores were associated with higher risk of type 2 
diabetes or coronary disease (eTable 10), except the association between sensitivity waist-
specific polygenic score and type 2 diabetes (P=0.076). However, the association estimate from 
that analysis is consistent with that of the main analysis (Pheterogeneity=0.22), supporting that the 
lack of a statistically significant association in this particular sensitivity analysis is due to the 
loss of statistical power deriving from the exclusion of several genetic variants.  
 
  



© 2018 American Medical Association. All rights reserved. 

eTable 1. Participating Studies. Summary of the studies participating in the different analyses of the manuscript. 
 

Outcome Cases 
overall

, N 

Non-cases (for 
case-control 
studies) or 

participants 
(for continuous 
traits studies) 

overall, N 

Participating study Cases 
in 

sub-
study, 

N 

Non-cases (for 
case-control 
studies) or 

participants 
(for 

continuous 
traits studies) 
in sub-study, 

N 

PubMed ID for 
cohort 

description 

Website (URL) 

BMI-adjusted 
waist-to-hip 

ratio 

- 660,648 UK Biobanka - 450,562 25826379 http://www.ukbiobank.ac.uk/ 
GIANT Consortium - 210,086 25673412  https://www.broadinstitute.org/collaboration/

giant/index.php/GIANT_consortium 
Waist-to-hip 

ratio 
unadjusted 

- 663,598 UK Biobanka - 451,382 25826379 http://www.ukbiobank.ac.uk/ 
GIANT Consortium - 212,216 25673412  https://www.broadinstitute.org/collaboration/

giant/index.php/GIANT_consortium 
Waist 

circumference 
- 683,549 UK Biobanka - 451,475 25826379 http://www.ukbiobank.ac.uk/ 

GIANT Consortium - 232,074 25673412  https://www.broadinstitute.org/collaboration/
giant/index.php/GIANT_consortium 

Hip 
circumference 

- 664,446 UK Biobanka - 451,427 25826379 http://www.ukbiobank.ac.uk/ 
GIANT Consortium - 213,019 25673412  https://www.broadinstitute.org/collaboration/

giant/index.php/GIANT_consortium 
Body mass 

index 
- 772,803 UK Biobanka - 450,671 25826379 http://www.ukbiobank.ac.uk/ 

GIANT Consortium - 322,132 25673413 https://www.broadinstitute.org/collaboration/
giant/index.php/GIANT_consortium 

DEXA 
anthropometr

y 

- 18,330 Fenland - 10,309 27841877 http://www.mrc-
epid.cam.ac.uk/research/studies/fenland/ 

EPIC-Norfolk - 4,184 10466767 http://www.srl.cam.ac.uk/epic/ 
UK Biobank - 3,837 25826379 http://www.ukbiobank.ac.uk/ 

LDL 
cholesterol 

- 188,577 Global Lipids 
Genetics Consortium 

- 188,577 24097068  http://csg.sph.umich.edu//abecasis/public/lipi
ds2013/ 

Triglycerides - 188,577 Global Lipids 
Genetics Consortium 

- 188,577 24097068  http://csg.sph.umich.edu//abecasis/public/lipi
ds2013/ 

Fasting 
glucose 

- 133,010 MAGIC Consortium - 133,010 22885924, 
22581228  

http://www.magicinvestigators.org/ 

Fasting 
insulin 

- 108,557 MAGIC Consortium - 108,557 22885924, 
22581228 

http://www.magicinvestigators.org/ 
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Outcome Cases 
overall

, N 

Non-cases (for 
case-control 
studies) or 

participants 
(for continuous 
traits studies) 

overall, N 

Participating study Cases 
in 

sub-
study, 

N 

Non-cases (for 
case-control 
studies) or 

participants 
(for 

continuous 
traits studies) 
in sub-study, 

N 

PubMed ID for 
cohort 

description 

Website (URL) 

Systolic blood 
pressure 

- 451,402 UK Biobanka - 451,402 25826379 http://www.ukbiobank.ac.uk/ 

Diastolic 
blood pressure 

- 451,415 UK Biobanka - 451,415 25826379 http://www.ukbiobank.ac.uk/ 

Type 2 
diabetes 

69,677 551,081 EPIC-InterAct 9,308 11,523 21717116 http://www.inter-act.eu/ 
UK Biobanka 25,529 424,577 25826379 http://www.ukbiobank.ac.uk/ 
DIAGRAM 34,840 114,981 22885922  http://diagram-consortium.org/ 

Coronary 
artery disease 

85,358 551,249 UK Biobanka 24,557 427,745 25826379 http://www.ukbiobank.ac.uk/ 
CARDIoGRAMplus

C4D Consortium 
60,801 123,504 26343387  http://www.cardiogramplusc4d.org/ 

a The number of participants actually included in the genetic analysis was slightly smaller than the number of participants with available phenotypes (listed in Table 2) due to missing covariates 
used in phenotype generation (e.g. BMI for BMI-adjusted waist-to-hip ratio). 
Abbreviations: N, number of participants; BMI, body mass index; DEXA, dual-energy X-ray absorptiometry; LDL, low-density lipoprotein cholesterol. 
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eTable 2. Baseline Characteristics of 18,330 Individuals From the Fenland, EPIC-Norfolk. and 
UK Biobank Studies Who Underwent Detailed Anthropometric Measurements by Dual-Energy 
X-ray Absorptiometry. 
 
Variable Fenland EPIC-Norfolk UK Biobank 

Country United Kingdom United Kingdom United Kingdom 
Number of participants 10,309 4,184 3,837 
Baseline age, mean years 
(SD) 

49 (7) 54 (7) 56 (7) 

Female sex, N (%) 5,504 (53) 2,290 (55) 2,001 (52) 
Male sex, N (%) 4,805 (47) 1,894 (45) 1,836 (48) 
Arms fat mass,  
median (IQR) in grams 

2,521 
(2,051 to 3,102) 

2,687 
(2,177 to 3,288) 

2,496 
(1,998 to 3,134) 

Trunk fat mass,  
median (IQR) in grams 

13,162 
(9,603 to 17,271) 

13,973 
(10,585 to 17,929)  

14,020 
(10,378 to 18,025) 

Abdominal fat mass total, 
median (IQR) in grams 

2,155 
(1,440 to 2,997) 

2,322 
(1,663 to 3,089) 

2,306 
(1,581 to 3,127) 

Subcutaneous abdominal fat 
mass, median (IQR) in 
grams 

1,241 
(924 to 1,666) 

1,055 
(751 to 1,436) 

1,099 
(807 to 1,509) 

Visceral abdominal fat mass, 
median (IQR) in grams 

771  
(318 to 1,414) 

1,116 
(607 to 1810) 

1,044 
(504 to 1,730) 

Gluteofemoral fat mass,  
median (IQR) in grams 

4,135 
(3,309 to 5,180) 

3,841 
(3,071 to 4,818) 

3,899 
(3,115 to 4,984) 

Leg fat mass,  
median (IQR) in grams 

8,311 
(6,673 to 10,452) 

7,563 
(5,976 to 9,521) 

7,163 
(5,567 to 9,330) 

Abbreviations: SD, standard deviation; N, number of participants; IQR, interquartile range.
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eTable 3. Characteristics of Participants of the EPIC-InterAct Study Included in the Analysis. 
 

Study  
EPIC-InterAct 

 

 
EPIC-InterAct 

Study group Incident type 2 
diabetes 

Non-cases  

Country Multiple European 
countries 

Multiple European 
countries 

Genotyping chip Illumina 660w quad 
and Illumina 

CoreExome chip 

Illumina 660w quad 
and Illumina 

CoreExome chip 
Imputation panel Haplotype Reference 

Consortium r1.0 
Haplotype Reference 

Consortium r1.0 
Participants, N 9,308 11,523 
Age at baseline, mean years (SD) 55 (7) 52 (9) 
Female sex, N (%) 4,712 (51) 7,190 (62) 
Male sex, N (%) 4,596 (49) 4,333 (38) 
Smoking status, current smokers N (%) 2,708 (29) 3,096 (27) 
Waist-to-hip ratio, mean (SD) 0.92 (0.09) 0.85 (0.09) 
BMI in kg/m2, mean (SD) 29.8 (4.8) 25.8 (4.1) 
Systolic blood pressure in mmHg, mean (SD) 144 (20) 132 (19) 
Diastolic blood pressure in mmHg, mean (SD) 87 (11) 81 (11) 
LDL cholesterol in mmol/L, mean (SD) 4.0 (1) 3.8 (1) 
HDL cholesterol in mmol/L, mean (SD) 1.2 (0.4) 1.5 (0.4)  
Triglycerides in mmol/L, median (IQR) 1.7 

(1.2 – 2.4) 
1.1  

(0.8 – 1.6) 
Abbreviations: N, number of participants; BMI, body mass index; SD, standard deviation; LDL, low-density lipoprotein 
cholesterol; HDL, high-density lipoprotein cholesterol; IQR, interquartile range. 
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eTable 4. Difference in Age-, Sex- and BMI-Residualized WHR at Different Levels of the 
Distribution of Standardized BMI-Adjusted WHR Following the Inverse-Rank Normal 
Transformation. The last column shows the difference in age-, sex- and BMI-residualized WHR 
for a ~1-SD increase in standardized BMI-adjusted WHR at different levels of the distribution of 
the latter. The difference remained similar at different levels of the distribution. 
 

Range 1 of 
standardized 
BMI-adjusted 

WHR, SD units 

Mean value of 
age-, sex- and 

BMI-
residualized 

WHR in Range 
1, ratio units 

Range 2 of 
standardized 
BMI-adjusted 

WHR, SD units 

Mean value of 
age-, sex- and 

BMI-
residualized 

WHR in Range 
2, ratio units 

Absolute 
difference 

between means 
of age-, sex- and 

BMI-
residualized 

WHR in  
range 1 

compared to 
range 2, ratio 

units 
-2.1 to -1.9 -0.106 -1.1 to -0.9 -0.054 0.05 
-1.6 to -1.4 -0.079 -0.6 to -0.4 -0.028 0.05 
-1.1 to -0.9 -0.054 -0.1 to 0.1 -0.002 0.05 
-0.6 to -0.4 -0.028 0.4 to 0.6 0.025 0.05 
-0.1 to 0.1 -0.002 0.9 to 1.1 0.054 0.05 
0.4 to 0.6 0.025 1.4 to 1.6 0.085 0.06 
0.9 to 1.1 0.054 1.9 to 2.1 0.119 0.06 

Abbreviations: SD, standard deviation; BMI, body mass index; WHR, waist-to-hip ratio.   
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eTable 5. Standard Deviation Values Used to Convert Estimates Between Clinical and 
Standardized Units and Their Source. 
 

Variable Clinical units Source study Standard 
deviation 

WHR ratio UK Biobank 0.09 
Age-, sex- and BMI-residualized WHR ratio UK Biobank 0.056 

Waist cm UK Biobank 13.5 
Hip cm UK Biobank 9.2 
BMI kg/m2 UK Biobank 4.8 

Systolic blood pressure mmHg UK Biobank 19 
Diastolic blood pressure mmHg UK Biobank 10 

LDL-C mmol/L Fenland 0.9 
Triglycerides log-mmol/L Fenland 0.56 

Fasting glucose mmol/L Fenland 0.66 
Fasting insulin log-pmol/L Fenland 0.60 

Abdominal-to-gluteofemoral fat mass ratio ratio Fenland 0.21 
Arms fat mass grams Fenland 868 
Trunk fat mass grams Fenland 5782 

Abdominal fat mass grams Fenland 1179 
Visceral abdominal fat mass log-grams Fenland 1.6 

Subcutaneous abdominal fat mass grams Fenland 664 
Gluteofemoral fat mass grams Fenland 1541 

Leg fat mass grams Fenland 3199 
Variables with a skewed distribution were normalized by the natural logarithm transformation. 
Abbreviation: WHR, waist-to-hip ratio; BMI, body mass index; LDL-C, low-density lipoprotein 
cholesterol.  
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eTable 6. List of the 202 independent lead genetic variants identified in Stage 1 which were used to derive polygenic scores for higher 
WHR. 

dbSNP 
rsID 

Variant in a 
genomic region 

for BMI-
adjusted WHR 

reported in 
Shungin et ala 

Included in hip-
specific or waist 

specific polygenic 
scoresb 

Included in 
sensitivity 
analysisc 

Effect 
allele and 

other 
alleled 

 
UK 

Biobank 
Effect 
Allele 

Frequencye 

 

GIANT 
Effect 
Allele 

Frequencye 

Beta (SE), in 
SD of BMI-

adjusted 
WHR per 

allele 

Imputation 
Quality 

Info Scoref 
P 

rs998584 Yes No 2,5 A and C 0.48 0.48 0.050 (0.0018) 0.99 3.3E-168 
rs1936805 Yes  No 2,5 T and C 0.53 0.55 0.041 (0.0017) 1.00 2.0E-120 
rs7133378 Yes  No 5 G and A 0.67 0.63 0.039 (0.0019) 0.99 1.5E-95 
rs2371767 Yes  No 2,5 G and C 0.74 0.79 0.040 (0.002) 1.00 6.0E-92 
rs2791550 Yes  No 5 G and T 0.67 0.68 0.037 (0.0018) 1.00 4.3E-88 

rs10923724 Yes  No 4,5 T and C 0.56 0.54 0.035 (0.0018) 0.99 1.3E-87 
rs10195252 Yes  Hip-specific score 2,5,6 T and C 0.59 0.56 0.031 (0.0018) 1.00 9.1E-69 
rs1294410 Yes  No 5 C and T 0.62 0.63 0.031 (0.0018) 0.99 1.1E-68 
rs718314 Yes  No 5 G and A 0.23 0.18 0.034 (0.002) 1.00 7.2E-64 
rs3786897 Yes  No 5 G and A 0.42 0.41 0.030 (0.0018) 1.00 4.5E-63 

rs10919388 Yes  No 5 C and A 0.73 0.72 0.033 (0.002) 0.99 1.9E-62 
rs714515 Yes  No 5 G and A 0.44 0.46 0.028 (0.0018) 1.00 1.1E-56 

rs17451107 Yes  Waist-specific score 4,5,6 T and C 0.62 0.63 0.029 (0.0018) 0.99 2.2E-56 
rs2236519 Yes  No 2,5 A and G 0.37 0.35 0.030 (0.0019) 0.99 2.7E-55 
rs6861681 Yes  No 2,5 A and G 0.30 0.29 0.029 (0.0019) 1.00 2.7E-52 
rs1443512 Yes  No 5 A and C 0.21 0.20 0.031 (0.0021) 1.00 3.4E-51 
rs9837325 Yes  Hip-specific score 5,6 C and A 0.81 0.85 0.034 (0.0023) 0.99 1.4E-49 
rs459193 Yes  No 5 A and G 0.24 0.22 0.029 (0.002) 1.00 3.2E-49 
rs2167750 Yes  Hip-specific score 2,5,6 T and C 0.47 0.49 0.027 (0.0018) 1.00 5.7E-49 

rs12608504 Yes  No 2,4,5 A and G 0.36 0.34 0.026 (0.0018) 1.00 1.9E-46 
rs2145272 Yes  Hip-specific score 5,6 G and A 0.36 0.36 0.026 (0.0018) 1.00 1.7E-45 
rs2294239 Yes  No 4,5 A and G 0.57 0.55 0.025 (0.0018) 0.99 4.7E-44 
rs797486 No No 4,5 A and C 0.90 0.94 0.037 (0.0027) 0.99 7.1E-44 
rs1055144 Yes  Waist-specific score 5,6 T and C 0.19 0.18 0.030 (0.0022) 1.00 7.8E-44 
rs605203 Yes  Hip-specific score 4,5,6 A and C 0.62 0.58 0.025 (0.0018) 1.00 3.9E-43 

rs12214804 Yes  No 5 C and T 0.09 0.08 0.045 (0.0033) 1.00 7.5E-43 
rs4738141 Yes  No 2,5 G and A 0.24 0.21 0.028 (0.0021) 0.99 8.1E-42 
rs2276824 Yes  No 4,5 C and G 0.46 0.48 0.024 (0.0018) 1.00 1.3E-41 
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dbSNP 
rsID 

Variant in a 
genomic region 

for BMI-
adjusted WHR 

reported in 
Shungin et ala 

Included in hip-
specific or waist 

specific polygenic 
scoresb 

Included in 
sensitivity 
analysisc 

Effect 
allele and 

other 
alleled 

 
UK 

Biobank 
Effect 
Allele 

Frequencye 

 

GIANT 
Effect 
Allele 

Frequencye 

Beta (SE), in 
SD of BMI-

adjusted 
WHR per 

allele 

Imputation 
Quality 

Info Scoref 
P 

rs17819328 Yes No 2,5 G and T 0.43 0.45 0.023 (0.0018) 0.99 1.2E-38 
rs634869 No No 2,5 T and C 0.42 0.44 0.023 (0.0018) 1.00 1.3E-37 
rs2925979 Yes  No 5 T and C 0.30 0.28 0.024 (0.0019) 1.00 2.4E-37 
rs905938 Yes  No 5 T and C 0.72 0.68 0.025 (0.002) 1.00 1.9E-36 
rs8066985 Yes  No 5 A and G 0.49 0.52 0.022 (0.0017) 1.00 9.9E-36 

rs10502148 No No 2,5 C and T 0.64 0.74 0.023 (0.0019) 0.99 8.5E-34 
rs1569135 Yes Waist-specific score 4,5,6 A and G 0.54 0.53 0.021 (0.0017) 1.00 1.2E-33 
rs7492628 No No 2,5 G and C 0.32 0.33 0.024 (0.002) 0.98 3.7E-32 
rs6556301 Yes  No 5 T and G 0.37 0.38 0.022 (0.0019) 0.98 3.8E-32 
rs9792666 Yes  No 2,5 A and G 0.96 0.97 0.057 (0.0048) 0.97 9.5E-32 
rs2845885 Yes  Hip-specific score 2,5,6 C and T 0.05 0.04 0.045 (0.0038) 0.98 1.2E-31 
rs3810068 No No 2,5 T and C 0.61 0.68 0.023 (0.002) 1.00 4.9E-31 
rs7801581 Yes  No 4,5 T and C 0.25 0.26 0.023 (0.0021) 0.96 7.1E-29 

rs12936587 Yes  Hip-specific score 4,5,6 G and A 0.51 0.47 0.020 (0.0018) 1.00 8.2E-29 
rs3747577 No  Hip-specific score 4,5,6 C and G 0.26 0.26 0.023 (0.0021) 0.99 3.0E-28 
rs757608 No  Waist-specific score 4,5 A and G 0.32 0.30 0.020 (0.0018) 1.00 4.2E-28 
rs143384 Yes No 5 A and G 0.60 0.60 0.020 (0.0018) 1.00 1.9E-27 
rs951252 No  No 4,5 G and A 0.54 0.53 0.019 (0.0017) 1.00 4.0E-27 
rs2428549 No  No 2,5 G and A 0.37 0.32 0.021 (0.0019) 0.99 4.1E-27 
rs2073267 No  No 2,5 G and A 0.17 0.13 0.025 (0.0024) 1.00 9.7E-26 
rs601339 No  Hip-specific score 2,5,6 A and G 0.83 0.85 0.025 (0.0024) 1.00 1.3E-25 
rs910382 No  No 2,5 G and A 0.50 0.53 0.019 (0.0018) 0.99 1.8E-25 
rs711869 No  No 2,4,5 G and A 0.44 0.43 0.019 (0.0019) 0.98 2.0E-25 
rs1051921 No  No 5 G and A 0.80 0.80 0.023 (0.0022) 1.00 3.6E-25 

rs11263432 No  No 5 T and C 0.63 0.58 0.020 (0.0019) 0.98 4.0E-25 
rs7598832 No  Waist-specific score 2,4,5,6 C and T 0.67 0.69 0.019 (0.0018) 1.00 4.5E-25 
rs6719672 Yes Waist-specific score 5 G and A 0.18 0.19 0.025 (0.0024) 0.99 5.4E-25 
rs780159 No  No 4,5 G and A 0.56 0.53 0.018 (0.0018) 0.97 3.2E-24 
rs6688233 No  No 5 T and C 0.24 0.20 0.022 (0.0021) 0.98 3.4E-24 
rs622217 No  No 5 T and C 0.52 0.51 0.019 (0.0019) 0.99 3.6E-24 
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rs16891532 No No 2,4,5 A and C 0.09 0.13 0.034 (0.0034) 1.00 3.7E-24 
rs9644033 Yes No 5 A and T 0.76 0.73 0.022 (0.0021) 1.00 1.2E-23 

rs10264590 No No 4,5 A and G 0.48 0.41 0.018 (0.0018) 1.00 4.0E-23 
rs6446204 No No 5 C and T 0.75 0.70 0.020 (0.002) 1.00 9.2E-23 

rs10462028 Yes  No 5 A and G 0.33 0.33 0.019 (0.0019) 1.00 1.1E-22 
rs8030605 Yes  No 5 A and G 0.13 0.16 0.026 (0.0027) 1.00 1.3E-22 

rs10992408 No Hip-specific score 4,5,6 G and A 0.17 0.15 0.024 (0.0024) 1.00 1.7E-22 
rs4779526 Yes No 4,5 A and T 0.76 0.79 0.021 (0.0021) 0.99 2.4E-22 
rs4727695 No  No 2,4,5 A and G 0.90 0.88 0.029 (0.003) 0.99 8.0E-22 
rs6853254 No  No 2,4,5 T and G 0.35 0.40 0.019 (0.0019) 1.00 9.7E-22 
rs9388766 No  No 4,5 C and T 0.69 0.67 0.018 (0.0019) 0.99 1.2E-21 
rs6581662 No  No 2,5 T and C 0.31 0.37 0.020 (0.0021) 0.98 1.8E-21 
rs3741378 No  No 2,5 C and T 0.86 0.84 0.024 (0.0025) 1.00 6.0E-21 

rs13256367 No  No 2,5 A and C 0.65 0.63 0.018 (0.0019) 1.00 1.9E-20 
rs2993481 No  No 4,5 T and A 0.19 0.19 0.021 (0.0024) 0.99 9.2E-20 

rs11724804 No  Waist-specific score 2,4,5 G and A 0.55 0.57 0.017 (0.0019) 1.00 1.5E-19 
rs4420638 No  No 2,4,5 A and G 0.81 0.82 0.022 (0.0024) 1.00 1.6E-19 
rs1045241 Yes No 2,5 C and T 0.72 0.69 0.018 (0.0019) 0.99 1.9E-19 
rs4450871 No  Hip-specific score 2,5 A and G 0.56 0.59 0.018 (0.002) 1.00 2.0E-19 
rs7589318 No  No 4,5 G and A 0.68 0.70 0.017 (0.0019) 1.00 2.4E-19 
rs2836179 No  No 5 G and A 0.60 0.52 0.017 (0.0019) 1.00 2.6E-19 

rs11592754 No  Hip-specific score 4,5 C and A 0.14 0.13 0.023 (0.0025) 1.00 3.9E-19 
rs303084 Yes No 5 A and G 0.79 0.78 0.019 (0.0022) 0.99 4.5E-19 
rs9844972 No  No 2,5 C and G 0.07 0.05 0.033 (0.0037) 0.96 4.6E-19 
rs2047937 No  No 4,5 C and T 0.48 0.47 0.016 (0.0017) 1.00 5.2E-19 
rs3764002 No  No 4,5 C and T 0.73 0.73 0.018 (0.002) 1.00 1.6E-18 
rs727428 No  Hip-specific score 2,5 T and C 0.45 0.48 0.016 (0.0019) 1.00 1.9E-18 

rs10980802 No  No 2,5 G and A 0.49 0.51 0.016 (0.0018) 1.00 2.3E-18 
rs11747001 No  Waist-specific score 2,4,5 A and G 0.76 0.76 0.018 (0.002) 1.00 3.0E-18 
rs2222543 No  No 4,5 G and C 0.62 0.66 0.016 (0.0019) 1.00 4.4E-18 
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rs39312 No  Waist-specific score 2,5 C and A 0.38 0.43 0.016 (0.0018) 0.99 6.7E-18 
rs7235010 No  No 4,5 A and G 0.77 0.74 0.018 (0.0021) 1.00 7.7E-18 
rs9362097 No  Waist-specific score 4,5 G and A 0.46 0.44 0.016 (0.0018) 1.00 9.9E-18 
rs9583489 No  No 2,5 C and T 0.73 0.76 0.017 (0.002) 0.99 1.2E-17 
rs1805741 No  No 5 C and T 0.29 0.29 0.017 (0.002) 1.00 1.4E-17 
rs2254069 No  No 2,5 A and G 0.12 0.13 0.024 (0.0028) 1.00 1.5E-17 
rs2235529 No  Hip-specific score 5,6 C and T 0.84 0.82 0.021 (0.0025) 0.99 2.4E-17 

rs17041868 No  No 5 C and T 0.08 0.12 0.030 (0.0036) 1.00 3.6E-17 
rs13154197 No  Hip-specific score 2,5 G and A 0.09 0.10 0.027 (0.0032) 1.00 4.4E-17 
rs2298632 No  No 4,5 C and T 0.51 0.52 0.015 (0.0018) 0.96 7.0E-17 
rs1876829 No  No 5 C and T 0.22 0.20 0.019 (0.0022) 1.00 7.4E-17 
rs1440372 Yes No 4,5 C and T 0.73 0.74 0.016 (0.002) 0.99 9.8E-17 
rs4902632 No  No 2,4,5 A and T 0.17 0.16 0.021 (0.0025) 0.95 1.0E-16 
rs6433219 No  No 2,4,5 A and G 0.28 0.30 0.017 (0.0021) 1.00 1.5E-16 
rs7122422 No  Hip-specific score 4,5 C and G 0.48 0.47 0.015 (0.0018) 1.00 2.5E-16 
rs2444770 No  No 2,4,5 T and C 0.85 0.85 0.021 (0.0026) 1.00 3.2E-16 

rs10512606 No  No 2,5 C and A 0.08 0.07 0.027 (0.0033) 0.99 3.6E-16 
rs11079041 No  Waist-specific score 2,4,5 A and T 0.30 0.27 0.016 (0.002) 1.00 4.4E-16 
rs4849294 No  Waist-specific score 4,5 T and C 0.63 0.61 0.015 (0.0019) 1.00 6.4E-16 
rs1316979 No  Hip-specific score 2,4,5 T and C 0.06 0.06 0.029 (0.0036) 0.98 7.0E-16 
rs4851221 No  No 4,5 G and A 0.18 0.19 0.019 (0.0024) 1.00 9.4E-16 

rs1144 No  No 4,5 C and T 0.34 0.28 0.015 (0.0018) 1.00 1.5E-15 
rs3851294 No  No 2,5 G and A 0.90 0.88 0.025 (0.0031) 1.00 2.3E-15 
rs1105881 No  No 5 G and C 0.37 0.41 0.015 (0.0019) 0.99 2.7E-15 

rs11051005 No  No 4,5 A and G 0.76 0.81 0.016 (0.002) 1.00 3.1E-15 
rs6920788 No  Hip-specific score 5 T and C 0.71 0.68 0.016 (0.002) 1.00 3.9E-15 
rs7680787 No  No 5 T and C 0.64 0.66 0.014 (0.0018) 1.00 4.2E-15 

rs12459350 No  Hip-specific score 4,5,6 A and G 0.54 0.55 0.014 (0.0017) 1.00 5.2E-15 
rs4704389 No  Hip-specific score 2,4,5 A and G 0.41 0.38 0.014 (0.0018) 1.00 6.5E-15 
rs6932767 No  Waist-specific score 4,5 T and G 0.79 0.77 0.017 (0.0023) 1.00 1.3E-14 
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rs1474921 No  No 2,4,5 A and G 0.38 0.38 0.015 (0.0019) 0.97 2.0E-14 
rs380654 No  No 4,5 G and C 0.40 0.42 0.014 (0.0019) 1.00 2.4E-14 
rs8055190 No  No 5 C and T 0.96 0.96 0.034 (0.0045) 1.00 2.7E-14 
rs9647379 No  Waist-specific score 5 G and C 0.59 0.62 0.014 (0.0019) 0.99 2.7E-14 
rs2398893 No  No 4,5 A and G 0.71 0.68 0.015 (0.0019) 1.00 2.8E-14 
rs2821391 No  No 2,4,5 A and G 0.71 0.74 0.015 (0.002) 0.99 2.9E-14 
rs998749 No  Waist-specific score 2,4,5 A and G 0.49 0.43 0.013 (0.0018) 0.99 2.9E-14 

rs12828318 No  No 2,4,5 A and G 0.82 0.84 0.018 (0.0023) 0.99 3.2E-14 
rs10844642 No  Waist-specific score 2,4,5 A and C 0.61 0.58 0.014 (0.0019) 1.00 3.7E-14 
rs1328757 No  No 2,4,5 T and C 0.48 0.53 0.014 (0.0018) 0.99 4.2E-14 
rs1053593 No  No 4,5 G and T 0.35 0.34 0.014 (0.0018) 1.00 5.0E-14 
rs1498126 No  No 2,4,5 C and A 0.78 0.80 0.017 (0.0022) 1.00 6.3E-14 
rs1190982 No  No 5 T and C 0.30 0.29 0.015 (0.002) 1.00 7.0E-14 

rs12774134 No  No 5 C and T 0.88 0.88 0.020 (0.0027) 1.00 8.8E-14 
rs11726981 No  No 2,4,5 C and A 0.27 0.29 0.015 (0.0021) 0.99 1.2E-13 
rs7800072 No  No 4,5 G and T 0.34 0.36 0.014 (0.0019) 1.00 1.4E-13 

rs10880321 No  No 2,4,5 G and C 0.61 0.58 0.014 (0.0019) 0.99 1.4E-13 
rs7823561 No  No 2,4,5 A and C 0.66 0.62 0.014 (0.002) 0.99 1.6E-13 
rs4751628 No  No 2,4,5 G and T 0.36 0.39 0.014 (0.0019) 0.99 1.7E-13 
rs7242873 No  No 4,5 G and A 0.08 0.10 0.024 (0.0033) 1.00 2.0E-13 
rs2061705 No  Hip-specific score 4,5,6 G and A 0.50 0.50 0.013 (0.0018) 0.99 5.3E-13 

rs17326656 No  Waist-specific score 5 T and G 0.24 0.23 0.015 (0.0022) 0.99 9.0E-13 
rs13406302 No  No 2,5 C and A 0.26 0.28 0.014 (0.002) 1.00 9.1E-13 
rs2452877 No  No 5 A and G 0.56 0.57 0.013 (0.0018) 1.00 1.2E-12 
rs7114403 No  No 2,5 A and T 0.51 0.55 0.013 (0.0018) 1.00 1.5E-12 
rs2283847 No  No 2,4,5 T and C 0.57 0.60 0.013 (0.0018) 0.95 2.1E-12 

rs11187537 No  No 2,5 C and G 0.26 0.23 0.015 (0.0021) 1.00 2.5E-12 
rs6752964 No  Waist-specific score 5 C and T 0.10 0.08 0.020 (0.0029) 1.00 4.0E-12 
rs3789615 No  No 4,5 C and T 0.58 0.63 0.012 (0.0018) 1.00 4.6E-12 

rs11893688 No  Waist-specific score 4,5 T and C 0.67 0.65 0.014 (0.002) 1.00 5.7E-12 
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rs332105 No  Waist-specific score 5 G and A 0.44 0.50 0.013 (0.0019) 0.98 6.3E-12 
rs8030277 No  No 4,5 T and A 0.32 0.31 0.013 (0.002) 1.00 1.0E-11 

rs10963067 No  Waist-specific score 4,5 C and A 0.91 0.88 0.022 (0.0033) 1.00 1.2E-11 
rs174829 No  No 4,5 G and A 0.65 0.66 0.014 (0.002) 0.99 1.3E-11 
rs2057869 No  No 4,5 A and G 0.29 0.25 0.014 (0.0021) 0.99 2.2E-11 
rs421168 No  No 4,5 G and A 0.39 0.42 0.013 (0.0019) 0.99 2.4E-11 

rs10745659 No  No 5 G and C 0.44 0.43 0.012 (0.0018) 0.99 2.5E-11 
rs7612999 No  No 2,4,5 A and G 0.25 0.25 0.014 (0.0021) 0.99 3.9E-11 
rs6449133 No  No 2,4,5 T and G 0.65 0.63 0.013 (0.0019) 1.00 4.1E-11 
rs2595004 No  No 4,5 C and T 0.18 0.17 0.016 (0.0024) 0.99 5.0E-11 
rs7919055 No  No 2,5 C and T 0.04 0.06 0.032 (0.0048) 0.97 5.3E-11 
rs2066107 No  No 2,5 T and C 0.39 0.34 0.013 (0.0019) 0.99 5.4E-11 
rs2058914 No  Waist-specific score 5 G and A 0.26 0.18 0.013 (0.0019) 1.00 6.8E-11 
rs2333496 No  No 2,4,5 T and C 0.69 0.68 0.012 (0.0019) 0.99 7.8E-11 

rs10887759 No  No 2,5 A and G 0.16 0.18 0.016 (0.0025) 0.99 8.3E-11 
rs12684047 No  No 4,5 T and A 0.81 0.80 0.016 (0.0024) 0.96 1.2E-10 
rs4239275 No  No 4,5 T and C 0.40 0.40 0.012 (0.0018) 1.00 1.4E-10 
rs6486060 No  No 5 G and A 0.45 0.48 0.012 (0.0019) 0.99 2.0E-10 
rs2320125 No  Hip-specific score 4,5 T and C 0.35 0.33 0.012 (0.0019) 1.00 2.0E-10 
rs807067 No  No 2,4,5 T and C 0.52 0.48 0.011 (0.0017) 1.00 2.1E-10 

rs17167945 No  No 2,4,5 G and A 0.15 0.15 0.015 (0.0024) 1.00 2.5E-10 
rs36232 No  No 4,5 G and T 0.82 0.85 0.015 (0.0023) 1.00 2.8E-10 

rs9750952 No  No 4,5 C and T 0.77 0.78 0.014 (0.0022) 1.00 7.0E-10 
rs710122 No  Waist-specific score 2,4,5 G and A 0.26 0.18 0.012 (0.002) 1.00 1.1E-09 
rs9896963 No  No 4,5 C and T 0.18 0.12 0.014 (0.0023) 1.00 1.2E-09 
rs9305545 No  Waist-specific score 5 G and A 0.17 0.23 0.016 (0.0026) 0.97 1.4E-09 
rs747249 No  No 5 A and G 0.36 0.38 0.012 (0.0019) 0.99 1.5E-09 
rs6874524 No  No 2,4,5 T and C 0.78 0.75 0.013 (0.0022) 1.00 1.7E-09 
rs676556 No  Waist-specific score 4 G and A 0.19 0.13 0.014 (0.0023) 0.99 2.0E-09 
rs6908042 No  Waist-specific score 4 A and G 0.68 0.68 0.011 (0.0019) 0.99 2.6E-09 
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rs2701523 No  No 2,4 A and G 0.74 0.78 0.012 (0.0021) 0.98 2.7E-09 
rs1360485 No  No 4 T and C 0.68 0.63 0.011 (0.0019) 0.99 2.7E-09 
rs544668 No  Waist-specific score  T and C 0.60 0.60 0.011 (0.0019) 0.99 3.5E-09 
rs7091853 No  No 4 C and G 0.57 0.53 0.011 (0.0018) 1.00 3.5E-09 
rs1979527 No  No 2,4 A and C 0.20 0.18 0.013 (0.0023) 0.99 3.7E-09 
rs1278493 No  No 4,5 G and A 0.44 0.48 0.011 (0.0018) 1.00 3.8E-09 

rs12631066 No  Waist-specific score 2,4 C and G 0.22 0.13 0.013 (0.0021) 1.00 4.6E-09 
rs2823096 No  Waist-specific score 4 A and G 0.81 0.78 0.014 (0.0024) 0.99 4.9E-09 

rs10891483 No  Waist-specific score 4 T and C 0.12 0.13 0.017 (0.0028) 0.98 5.0E-09 
rs362275 No  Waist-specific score 4 C and T 0.70 0.74 0.011 (0.002) 1.00 6.4E-09 
rs6496127 No  No 4 G and A 0.54 0.52 0.010 (0.0018) 1.00 6.6E-09 
rs7235891 No  No 2,4 C and T 0.48 0.48 0.011 (0.0018) 1.00 7.4E-09 
rs1156979 No  No 2,4 A and T 0.38 0.33 0.011 (0.0019) 1.00 7.8E-09 
rs505102 No  No 2 C and T 0.23 0.24 0.013 (0.0023) 1.00 9.1E-09 

rs10507524 No  No 2 C and T 0.10 0.10 0.018 (0.0031) 0.99 9.5E-09 
rs13028903 No  Waist-specific score 2,4 T and C 0.47 0.53 0.011 (0.0018) 0.99 1.4E-08 
rs12440695 No  No 4 C and T 0.39 0.41 0.010 (0.0018) 1.00 1.5E-08 
rs2590440 No  Waist-specific score 2,4 G and A 0.21 0.26 0.013 (0.0023) 0.99 1.6E-08 
rs2240328 No  Waist-specific score 4 T and C 0.17 0.16 0.014 (0.0024) 1.00 1.9E-08 
rs3758938 No  No 4 T and G 0.68 0.67 0.011 (0.002) 1.00 2.2E-08 
rs4454603 No  Waist-specific score 4 C and T 0.52 0.50 0.010 (0.0018) 1.00 2.9E-08 
rs1328369 No  Waist-specific score  T and C 0.51 0.50 0.010 (0.0018) 0.99 3.0E-08 

rs12186798 No  No 4 G and A 0.19 0.18 0.013 (0.0023) 1.00 3.5E-08 
rs15285 No No 4 C and T 0.74 0.85 0.011 (0.002) 1.00 3.6E-08 

a A genetic variant was considered to be in a genomic region reported in the GWAS analysis of BMI-adjusted WHR by Shungin and colleagues13, i.e. the GIANT consortium 
dataset included in the Stage 1 meta-analysis, if it was within 1,000,000 base pairs either side of a lead genetic variant reported by Shungin and colleagues.13 
b All 202 genetic variants were included in the 202-variant general polygenic score for higher WHR.  Genetic variants not included in the waist-specific or in the hip-specific 
polygenic scores were included in the 144-variant polygenic score for higher WHR. 
c The column report for which of the sensitivity analyses described in eMethods 7 a given genetic variant has been included in the derivation of sensitivity polygenic scores. 
All genetic variants were included in Analyses 1 and 3. If the table cell reports “2,4”, it means that that genetic variant was included in sensitivity polygenic scores for 
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Analysis 2 and Analysis 4 (as well as 1 and 3, which included all variants). If the table cell is blank, it means that that genetic variant was included only in Analysis 1 and 
Analysis 3.  
d The effect allele is the allele associated with higher levels of BMI-adjusted WHR for which the beta coefficient and the effect allele frequency are reported. 
e The minor allele frequency is equal to the effect allele frequency if the effect allele frequency is below or equal to 0.5; the minor allele frequency is equal to 1 - effect allele 
frequency if the effect allele frequency is above 0.5. The effect allele frequency in GIANT and UK Biobank were highly correlated (correlation value = 0.99; P<0.001). 
f The reported imputation quality info score is from UK Biobank. GIANT excluded genetic variants with imputation quality score below 0.3. In UK Biobank, imputation 
quality score of the 202 genetic variants had a median value of 1 (range, 0.95 to 1), where a value of 1 indicates perfect imputation or direct genotyping. 
Abbreviations: WHR, waist-to-hip ratio; BMI, body mass index; SE, standard error; SD, standard deviation. 
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eTable 7. Associations of Polygenic Scores for Higher WHR With Additional Continuous 
Phenotypes in Secondary Analyses. Results of these analyses are also summarized and discussed 
in eMethods 7 (Analysis 1 and 2). 
 

Exposure Outcome Units N Beta (95% CI) 
in clinical units 

Beta (95% CI) 
in SD units 

P 

202-variant 
general 

polygenic 
score 

HDL-C mmol/L 188,577 -0.13 
(-0.16 to -0.09) 

-0.31 
(-0.40 to -0.23) 

<0.001 

Triglyceride-to-
HDL ratio 

ratio 12,009 0.55 
(0.44 to 0.67) 

0.47 
(0.38 to 0.57) 

<0.001 

Height cm 451,131 -0.3 
(-0.4 to -0.2) 

-0.03 
(-0.05 to -0.02) 

<0.001 

36-variant 
waist-

specific 
polygenic 

score 

HDL-C mmol/L 188,577 -0.12 
(-0.19 to -0.06 

-0.30 
(-0.46 to -0.15) 

<0.001 

Triglyceride-to-
HDL ratio 

ratio 12,009 0.97 
(0.63 to 1.30) 

0.83 
(0.54 to 1.11) 

<0.001 

Height cm 451,131 1.2 
(0.9 to 1.6) 

0.14 
(0.10 to 0.17) 

<0.001 

22-variant 
hip-specific 
polygenic 

score 

HDL-C mmol/L 188,577 -0.17 
(-0.24 to -0.10) 

-0.41 
(-0.58 to -0.24) 

<0.001 

Triglyceride-to-
HDL ratio 

ratio 12,009 0.70 
(0.38 to 1.02) 

0.60 
(0.32 to 0.88) 

<0.001 

Height cm 451,131 -1.5 
(-1.8 to -1.1) 

-0.16 
(-0.20 to -0.13) 

<0.001 

144-variant 
polygenic 

score 

HDL-C mmol/L 188,577 -0.12 
(-0.17 to -0.08) 

-0.30 
(-0.41 to -0.19) 

<0.001 

Triglyceride-to-
HDL ratio 

ratio 12,009 0.48 
(0.34 to 0.61) 

0.41 
(0.29 to 0.52) 

<0.001 

Height cm 451,131 -0.3 
(-0.5 to -0.2) 

-0.04 
(-0.05 to -0.02) 

<0.001 

Data on HDL-C are from the Global Lipids Genetics consortium.15 Data on triglyceride-to-HDL ratio are from the 
EPIC-InterAct subcohort.12 Data on height are from UK Biobank.1 The SD value of HDL-C (0.41 mmol/L) used for 
unit conversion is from the Fenland study.7 The SD value of triglyceride-to-HDL ratio (1.17 ratio units) is from the 
EPIC-InterAct subcohort 12 The SD value of height (9 cm) is from UK Biobank.1 The beta coefficients are per 1-SD 
increase in BMI-adjusted WHR due to polygenic score. 
Abbreviations: N, number of participants; CI, confidence interval; SD, standard deviation; HDL-C, high-density 
lipoprotein cholesterol. 
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eTable 8. Associations of Polygenic Scores for Higher WHR With Nondiabetic Hyperglycemia. 
Results of these analyses are also summarized and discussed in eMethods 7 (Analysis 3). 
The odds ratio is per 1-SD increase in BMI-adjusted WHR due to polygenic score. 
Data for non-diabetic hyperglycemia are from the EPIC-InterAct subcohort.12 

Non-diabetic hyperglycemia was defined as glycated hemoglobin levels between 5.7% and 6.4%, corresponding to 
39 to 46 mmol/mol, according to the American Diabetes Association’s recommendations33; controls were defined on 
the basis of glycated hemoglobin below 5.7% (39 mmol/mol). 

Exposure Outcome Cases Controls OR (95% CI) P 
202-variant 

general 
polygenic 

score 

Non-diabetic 
hyperglycemia 

2,934 9,035 1.54 
(1.20-1.98) 

0.001 

36-variant 
waist-specific 

polygenic 
score 

1.24 
(0.60-2.56) 

0.57 

22-variant 
hip-specific 
polygenic 

score 

1.38 
(0.68-2.78) 

0.37 

144-variant 
polygenic 

score 

1.64 
(1.23-2.18) 

0.001 
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eTable 9. Association of Polygenic Scores for Higher WHR With Risk of Type 2 Diabetes and 
Coronary Artery Disease in Men and Women From the UK Biobank Study. 
 

Exposure Outcome Stratum Cases Controls OR 
(95% CI)a 

Pinteraction
b

 

202-variant 
general polygenic 

score  

Type 2 diabetes Men 12,318 149,249 1.81 
(1.63, 
2.01) 

0.19 

Women 7,301 181,442 2.03 
(1.78, 
2.31) 

Coronary artery 
disease 

Men 13,354 148,937 1.49 
(1.35, 
1.64) 

0.80 

Women 5,147 184,608 1.52 
(1.31, 
1.78) 

36-variant waist-
specific 

polygenic score 

Type 2 diabetes Men 12,318 149,249 1.40 
(1.03, 
1.90) 

0.22 

Women 7,301 181,442 1.90 
(1.29, 
2.78) 

Coronary artery 
disease 

Men 13,354 148,937 2.33 
(1.74, 
3.13) 

0.25 

Women 5,147 184,608 1.70 
(1.08, 
2.68) 

22-variant hip-
specific 

polygenic score 

Type 2 diabetes Men 12,318 149,249 2.85 
(2.13, 
3.81) 

0.64 

Women 7,301 181,442 2.55 
(1.76, 
3.69) 

Coronary artery 
disease 

Men 13,354 148,937 2.15 
(1.62, 
2.85) 

0.18 

Women 5,147 184,608 1.50 
(0.97, 
2.33) 

144-variant 
polygenic score 

Type 2 diabetes Men 12,318 149,249 1.75  
(1.56, 
1.98) 

0.21 

Women 7,301 181,442 1.98  
(1.71, 
2.31) 

Coronary artery 
disease 

Men 13,354 148,937 1.30  
(1.15, 
1.46) 

0.24 

Women 5,147 184,608 1.47  
(1.23, 
1.76) 

Analyses were conducted in unrelated European ancestry participants of UK Biobank. 
Abbreviations: OR, odds ratio; CI, confidence interval. 
a Per 1-SD increase in BMI-adjusted WHR due to polygenic score. 

 b Threshold for statistical significance P-interaction <.0063 (Bonferroni correction for 8 tests).  
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eTable 10. Results of Sensitivity Analyses.  

 
  

Analysis Exposure N 
variants 

Outcome OR (95% CI) P 

eMethods 7 
Analysis 2: 

Height-
associated 

genetic 
variants 
excluded 

(P<.05 for 
height 

excluded) 

Sensitivity polygenic score 
derived with subset 
of the 202 variants 

82 Type 2 
diabetes 

2.00 
(1.84-2.17) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 36 waist-specific variants 

11 1.54 
(1.15-2.06) 

0.004 

Sensitivity polygenic score 
derived with subset 

of the 22 hip-specific variants 

9 3.70 
(2.94-4.67) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 144 remaining variants 

62 1.86 
(1.70-2.04) 

<0.001 

Sensitivity polygenic score 
derived with subset 
of the 202 variants 

82 Coronary 
artery 

disease 

1.37 
(1.27-1.48) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 36 waist-specific variants 

11 1.80 
(1.37-2.36) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 22 hip-specific variants 

9 1.66 
(1.35-2.04) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 144 remaining variants 

62 1.29 
(1.19-1.41) 

<0.001 

eMethods 7 
Analysis 4: 

Genetic 
variants with 
any evidence 
of possible 
sex-specific 
association 
excluded 

(Pinteraction<.05 
excluded) 

Sensitivity polygenic score 
derived with subset 
of the 202 variants 

110 Type 2 
diabetes 

1.83 
(1.68-1.99) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 36 waist-specific variants 

25 1.84 
(1.53-2.22) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 22 hip-specific variants 

11 2.59 
(2.03-3.32) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 144 remaining variants 

74 1.71 
(1.54-1.90) 

<0.001 

Sensitivity polygenic score 
derived with subset 
of the 202 variants 

110 Coronary 
artery 

disease 

1.27 
(1.18-1.38) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 36 waist-specific variants 

25 1.34 
(1.13-1.59) 

0.001 

Sensitivity polygenic score 
derived with subset 

of the 22 hip-specific variants 

11 2.00 
(1.60-2.52) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 144 remaining variants 

74 1.16 
(1.05-1.27) 

0.003 



© 2018 American Medical Association. All rights reserved. 

 
eTable 10 (continued). 

Analyses are described and discussed in eMethods 7. The list of genetic variants included in each sensitivity polygenic 
score are in eTable 6. Odds ratios are per 1-SD increase in BMI-adjusted WHR due to polygenic score. 
Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; WHR, waist-to-hip ratio; LDSC-
regression, linkage disequilibrium score regression (described in eMethods 2). 
*Pheterogeneity = 0.22 for comparison with main analysis result (Figure 2B). 
  

Analysis Exposure N variants Outcome OR 
(95% CI) 

P 

eMethods 7 
Analysis 5: 

LDSC-
regression 
intercept 

correction 
(genetic 

variants not 
associated at 

P<5×10-08 
with both 

BMI-adjusted 
and 

unadjusted 
WHR after 
correction 
excluded) 

 

Sensitivity polygenic score 
derived with subset 
of the 202 variants 

177 Type 2 diabetes 1.72 
(1.63-
1.82) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 36 waist-specific 
variants 

24 1.25 
(1.05-
1.48) 

0.011 

Sensitivity polygenic score 
derived with subset 

of the 22 hip-specific variants 

22 2.54 
(2.17-
2.96) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 144 remaining variants 

131 1.69 
(1.59-
1.80) 

<0.001 

Sensitivity polygenic score 
derived with subset 
of the 202 variants 

177 Coronary artery 
disease 

1.34 
(1.28-
1.41) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 36 waist-specific 
variants 

24 1.60 
(1.36-
1.87) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 22 hip-specific variants 

22 1.76 
(1.53-
2.02) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 144 remaining variants 

131 1.25 
(1.18-
1.33) 

<0.001 

eMethods 7 
Analysis 6: 

Genetic 
variants 

included in 
sensitivity 

hip- or waist-
specific 

polygenic 
scores only if 

associated 
with 

corresponding 
circumference 
at  P<5×10-08 

Sensitivity polygenic score 
derived with subset 

of the 22 hip-specific variants 

13 Type 2 diabetes 2.73 
(2.29-
3.26) 

<0.001 

Coronary artery 
disease 

1.97 
(1.68-
2.31) 

<0.001 

Sensitivity polygenic score 
derived with subset 

of the 36 waist-specific 
variants 

4 Type 2 diabetes  
1.29 

(0.97-
1.70)* 

 

0.076 

Coronary artery 
disease 

 
1.38 

(1.05-
1.80) 

 

0.019 
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eTable 11. Associations of the 202-Variant Polygenic Score for Higher WHR With 
Cardiometabolic Disease Outcomes in Multivariable Genetic Association Analyses Adjusting for 
Height. The analysis is described and discussed in eMethods 7 (Analysis 2). 
 

Exposure Adjustment 
covariates 

Outcome Cases Controls OR  
(95% CI)a 

P 

202-variant 
general 

polygenic 
score 

Height Type 2 
diabetes 

69,677 551,081 1.79 
(1.56 – 2.04) 

<0.001 

Coronary 
artery 

disease 

85,358 551,249 1.35  
(1.21 – 1.50) 

<0.001 

Hip 
circumference 

and height 

Type 2 
diabetes 

69,677 551,081 1.78 
(1.44 – 2.19) 

<0.001 

Coronary 
artery 

disease 

85,358 551,249 1.25  
(1.06 – 1.48) 

0.008 

Waist 
circumference 

and height 

Type 2 
diabetes 

69,677 551,081 1.80 
(1.49 – 2.16) 

<0.001 

Coronary 
artery 

disease 

85,358 551,249 1.43  
(1.23 – 1.65) 

<0.001 

Abbreviations: OR, odds ratio; CI, confidence interval. 
a Per 1-SD increase in BMI-adjusted WHR due to polygenic score. 
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eTable 12. Associations of the 202 Genetic Variants With Risk of Cardiometabolic Disease 
Outcomes in Multivariable Genetic Analyses.  
 

Exposure Outcome Adjustment 
covariates 

Cases Controls OR  
(95% 
CI)a 

p-value 

202-variant 
general 

polygenic 
score 

Type 2 diabetes Waist 
circumference 
and visceral 

abdominal fat 
mass 

69,677 551,081 1.79 
(1.49, 
2.16) 

<0.001 

Coronary artery 
disease 

85,358 551,249 1.39 
(1.20, 
1.61) 

<0.001 

Type 2 diabetes Hip 
circumference 

and leg fat 
mass 

69,677 551,081 1.66 
(1.37, 
2.01) 

<0.001 

Coronary artery 
disease 

85,358 551,249 1.21 
(1.04, 
1.41) 

0.013 

Type 2 diabetes Waist 
circumference 

and hip 
circumference 

69,677 551,081 1.36 
(0.50, 
3.67) 

0.55 

Coronary artery 
disease 

85,358 551,249 0.90 
(0.41, 
1.99) 

0.79 

Abbreviations: OR, odds ratio; CI, confidence interval. 
a The odds ratio is per 1-SD increase in BMI-adjusted WHR due to polygenic score. 
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eFigure 1. Compartmental Body Fat Mass Measurement by Dual-Energy X-ray Absorptiometry. The arm 
region includes the arm and shoulder area, derived by positioning a line from the crease of the axilla and 
through the glenohumeral joint. The trunk region comprises the neck, chest, abdominal and pelvic areas. 
The abdominal region is defined as the area between the ribs and the pelvis, and is enclosed by the trunk 
region. This region is outlined by iliac crest and with a superior height equivalent to 20% of the distance 
from the top of the iliac crest to the base of the skull. The leg region includes all of the area below the lines 
that form the lower borders of the trunk. The gluteofemoral region includes the hips and upper thighs, and 
overlaps both the leg and trunk regions. The upper demarcation of this region is below the top of the iliac 
crest at a distance of 1.5 times the abdominal height. The total height of the gluteofemoral region is two 
times the height of the abdominal region. The DEXA CoreScan® software (GE Healthcare, Bedford UK) 
also uses an inbuilt proprietary algorithm to determine visceral abdominal fat mass within the abdominal 
region; validated using computed tomography and magnetic resonance imaging. Further details of the 
DEXA protocols are in eMethods 1. 
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eFigure 2. Statistical Power Calculations. Statistical power curves (solid or broken black lines) describe 
the statistical power of each of the four polygenic scores for higher WHR to detect an association with 
increasing effect size (log-odds ratio) for type 2 diabetes or coronary disease given: (a) the multiple-test 
corrected P<.0.063 (Bonferroni correction for four polygenic scores and two outcome traits), (b) the sample 
size (69,677 cases, 551,081 controls for type 2 diabetes; 85,358 cases, 551,249 controls for coronary 
disease) and (c) the variance explained by the polygenic scores (reported in the main text). Statistical power 
curves for the 36-variant waist-specific and the 22-variant hip-specific polygenic scores are perfectly 
overlapping as these scores explain the same amount of variance in BMI-adjusted WHR. Vertical solid or 
broken red lines represent the estimated effect size in actual analyses (Figure 2B for 36-variant waist-
specific and the 22-variant hip-specific polygenic scores; eFigure 16 for the 202-variant polygenic score; 
eFigure 15 for the 144-variant polygenic score). For each polygenic score, the intercept between the 
corresponding black and red lines is the post-hoc statistical power to detect the association, given the 
estimated effect size, which was >99% in all analyses. 
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eFigure 3. Distribution of the Values of Polygenic Scores for Higher WHR in UK Biobank.  
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eFigure 4. Distribution of the Values of Standardized Systolic and Diastolic Blood Pressure 
Outcome Variables in UK Biobank. Variables were transformed by the inverse standard normal 
function. 
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eFigure 5. Linear Association Between Polygenic Score for Higher WHR and Outcomes. The graph plots 
show the dose-response relationship between genetic predisposition to higher WHR and outcomes in 
unrelated European ancestry participants of UK Biobank.1 To generate the exposure variable, the 202-
variant polygenic score for higher WHR was divided in quartiles. Being in a given quartile (2-4) of the 
polygenic score compared to the bottom quartile was the exposure. Standardized systolic or diastolic blood 
pressure or the log-odds ratios of type 2 diabetes or coronary disease were the outcome. Associations were 
estimated using linear or logistic regression models adjusted for age, sex and genetic principal components. 
The associations with outcomes are plotted on the y-axis, while the position on the x-axis corresponds to 
the association with BMI-adjusted WHR of that exposure. If the relationship is linear, it should be possible 
to draw a straight line from the axis intersection that intersects each of the three 95% confidence intervals, 
which was possible for all four outcomes. Abbreviations: SD, standard deviation; CI, confidence interval; 
WHR, waist-to-hip ratio; BMI, body mass index. 
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eFigure 6. Distribution of BMI-Adjusted WHR Variables in UK Biobank. Age-, sex- and BMI-
residualized WHR (left) was transformed using the inverse standard normal function to obtain 
standardized BMI-adjusted WHR (right). 
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eFigure 7. Correlation of Estimates From Weighted Cox and Logistic Regression Models in EPIC-InterAct. 
The plot shows estimates of association with incident type 2 diabetes in EPIC-InterAct for the 202 genetic 
variants associated with WHR in Stage 1. Estimates from weighted Cox regression models (log-hazard 
ratios plotted on the x-axis) and logistic regression models (log-odds ratios plotted on the y-axis) were 
correlated (correlation=0.98, P<0.001). The solid red line is the line of equality. 
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eFigure 8. Schematic Representation of Multivariable Polygenic Score Association Analysis. These 
analyses are performed to estimate the association of the 202-variant polygenic score (exposure) with 
cardio-metabolic outcomes such as type 2 diabetes or coronary disease (outcome), while controlling for the 
two components of fat distribution, i.e. abdominal or gluetofemoral fat distribution. In the unadjusted 
analysis (Panel A), associations estimates reflect the association of the 202-variant polygenic score via both 
abdominal and gluteofemoral fat distribution (θ1 and θ2; eFigure 16). In multivariable analyses adjusting for 
both components (Panel B), it is assumed that no residual association between polygenic score and 
outcomes remains (as it is the case in the actual analysis reported in eTable 12). Multivariable analyses 
adjusting for either component (Panels C and D), estimate the association of the polygenic score via the 
other component (either θ1 or θ2; as shown in eFigure 17). 
 

A Unadjusted analysis

Polygenic 
score

BMI-adjusted WHR

Abdominal fat distribution 
(measured by waist circumference, 

visceral abdominal fat)

Cardio-
metabolic 
outcome

θ1

Gluteofemoral fat distribution 
(measured by hip circumference, 

leg fat)

θ2

C Adjusting for abdominal 
fat distribution

Polygenic 
score

BMI-adjusted WHR

Abdominal fat distribution 
(measured by waist circumference, 

visceral abdominal fat)

Cardio-
metabolic 
outcome

Gluteofemoral fat distribution 
(measured by hip circumference, 

leg fat)

θ2

B Adjusting for both abdominal and 
gluteofemoral fat distribution

Polygenic 
score

BMI-adjusted WHR

Abdominal fat distribution 
(measured by waist circumference, 

visceral abdominal fat)

Cardio-
metabolic 
outcome

Gluteofemoral fat distribution 
(measured by hip circumference, 

leg fat)

D Adjusting for gluteofemoral
fat distribution

Polygenic 
score

BMI-adjusted WHR

Abdominal fat distribution 
(measured by waist circumference, 

visceral abdominal fat)

Cardio-
metabolic 
outcome

θ1

Gluteofemoral fat distribution 
(measured by hip circumference, 

leg fat)
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eFigure 9. Diagnostic Funnel Plots for the Association of the 202 Genetic Variants Included in 
the Polygenic Scores for Higher WHR and Type 2 Diabetes or Coronary Disease. Plots show the 
association estimate (x-axis) plotted against the precision of the estimate (1 / standard error). 
Associations are scaled to represent the log-odds ratio for the outcome trait per 1-SD increase in 
BMI-adjusted WHR due to each genetic variant. It is expected to see a symmetric distribution of 
estimates around the overall estimate, with no evidence of asymmetry or extreme estimates in 
particular for precise estimates (top of each graph). Dotted vertical lines represent the line of no 
association, red vertical lines the central estimate. 
 

 



© 2018 American Medical Association. All rights reserved. 

eFigure 10. Manhattan (Left) and Quantile-Quantile Plot (Right) for the Genome-Wide 
Association Analysis of BMI-Adjusted WHR. 
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eFigure 11. Manhattan (Left) and Quantile-Quantile Plot (Right) for the Genome-Wide 
Association Analysis of Unadjusted WHR. 
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eFigure 12. Associations of the 202 Genetic Variants With BMI-Adjusted WHR in GIANT and 
UK Biobank. Estimates are in standard deviations (SD) of body mass index adjusted waist-to-hip 
ratio per allele. The solid red line is the line of equality. 
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eFigure 13. Consistency of Stage 1 Associations After Exclusion of Cardiometabolic Disease 
Cases. The plot shows the association of the 202 genetic variants with BMI-adjusted WHR in UK 
Biobank in analyses that included (main analysis) or excluded (sensitivity analysis) cases of type 
2 diabetes or coronary artery disease. Estimates are in standard deviations (SD) of body mass index 
adjusted waist-to-hip ratio per allele. The solid red line is the line of equality. Correlation between 
estimates was >0.99, P<0.001. 
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eFigure 14. Associations With Hip, Waist Circumference and Body Mass Index of the Four Polygenic 
Scores for Higher WHR. Associations with waist circumference are from 683,549 European ancestry 
participants of UK Biobank1 and GIANT13; Associations with hip circumference are from 664,446 
European ancestry participants of UK Biobank1 and GIANT13; Associations with body mass index are from 
772,803 European ancestry participants of UK Biobank1 and GIANT14. Associations are reported in clinical 
or standardized units of continuous outcome per 1-SD increase in WHRBMI-adjusted (corresponding to 0.056 
ratio units of age-, sex- and BMI-residualized WHR in UK Biobank) due to the polygenic score used in a 
given analysis. Abbreviations: SD, standard deviation; CI, confidence interval; BMI, body mass index; 
WHR, waist-to-hip ratio. 
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eFigure 15. Associations With DEXA Variables, Cardio-metabolic Risk Factors and Disease Outcomes of 
the 144-Variant Polygenic Score for Higher WHR. Panel A shows associations with compartmental body 
fat distribution phenotypes in up to 18,330 European ancestry individuals from UK Biobank1, Fenland7 and 
EPIC-Norfolk10. Associations are reported in clinical or standardized units of continuous outcome per 1-
SD increase in WHRBMI-adjusted (corresponding to 0.056 ratio units of age-, sex- and BMI-residualized WHR 
in UK Biobank) due to the polygenic score. The statistical significance threshold for analyses reported in 
this panel was P<.0016. Panel B shows associations with cardio-metabolic risk factors. Data on blood 
pressure were from UK Biobank1; data on LDL-C and triglycerides were from Global Lipids Genetics 
consortium15; data on fasting insulin and fasting glucose were from the Meta-Analyses of Glucose and 
Insulin-related Traits consortium16,17. Associations are reported in clinical or standardized units of 
continuous outcome per 1-SD increase in WHRBMI-adjusted (corresponding to 0.056 ratio units of age-, sex- 
and BMI-residualized WHR in UK Biobank) due to the polygenic score. The statistical significance 
threshold for analyses reported in this panel was P<.0021. Panel C shows associations with type 2 diabetes 
and coronary artery disease using data from UK Biobank1, EPIC-InterAct12 and DIAGRAM18 for type 2 
diabetes or UK Biobank1 and CARDIoGRAMplusC4D19 for coronary disease. Associations are reported in 
odds ratio or absolute risk increase per 1-SD increase in WHRBMI-adjusted (corresponding to 0.056 ratio units 
of age-, sex- and BMI-residualized WHR in UK Biobank) due to the polygenic score. The statistical 
significance threshold for analyses reported in this panel was P<.0063. Abbreviations: N, number of 
participants; SD, standard deviation; CI, confidence interval; WHR, waist-to-hip ratio; BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-density lipoprotein 
cholesterol; TG, triglycerides; OR, odds ratio; ARI, absolute risk increase; py, participant-years of follow-
up. 
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eFigure 15, panels B-C 
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eFigure 16. Associations with Cardiometabolic Risk Factors and Disease Outcomes of the 202-Variant 
Polygenic Score for Higher WHR. Panel A shows associations with cardio-metabolic risk factors. Data on 
blood pressure were from UK Biobank1; data on LDL-C and triglycerides were from Global Lipids Genetics 
consortium15; data on fasting insulin and fasting glucose were from the Meta-Analyses of Glucose and 
Insulin-related Traits consortium16,17. Associations are reported in clinical or standardized units of 
continuous outcome per 1-SD increase in WHRBMI-adjusted (corresponding to 0.056 ratio units of age-, sex- 
and BMI-residualized WHR in UK Biobank) due to the polygenic score. The statistical significance 
threshold for analyses reported in this panel was P<.0021. Panel B shows associations with type 2 diabetes 
and coronary artery disease using data from UK Biobank1, EPIC-InterAct12 and DIAGRAM18 for type 2 
diabetes or UK Biobank1 and CARDIoGRAMplusC4D19 for coronary disease. Associations are reported in 
odds ratio or absolute risk increase per 1-SD increase in WHRBMI-adjusted (corresponding to 0.056 ratio units 
of age-, sex- and BMI-residualized WHR in UK Biobank) due to the polygenic score. The statistical 
significance threshold for analyses reported in this panel was P<.0063. Abbreviations: N, number of 
participants; SD, standard deviation; CI, confidence interval; WHR, waist-to-hip ratio; BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-density lipoprotein 
cholesterol; TG, triglycerides; OR, odds ratio; ARI, absolute risk increase; py, participant-years of follow-
up. 
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eFigure 17. Associations With Anthropometry, Cardio-metabolic Risk Factors and disease outcomes of 202-Variant 
Polygenic Score for Higher WHR in Multivariable Genetic Association Analyses Adjusted for Genetic Associations 
With Hip or Waist Circumference. Panel A shows associations with WHR, waist and hip circumferences in up to 
683,549 European ancestry individuals from UK Biobank1 and GIANT13. Panel B shows associations with DEXA 
measures of compartmental body fat distribution in up to 18,330 European ancestry individuals from UK 
Biobank1, Fenland7 and EPIC-Norfolk10. Panel C shows associations with cardio-metabolic risk factors. Data on 
blood pressure were from UK Biobank1; data on LDL-C and triglycerides were from Global Lipids Genetics 
consortium15; data on fasting insulin and fasting glucose were from the Meta-analyses of Glucose and Insulin-related 
Traits consortium16,17. Associations are reported in clinical or standardized units of continuous outcome per 1-SD 
increase in WHRBMI-adjusted (corresponding to 0.056 ratio units of age-, sex- and BMI-residualized WHR in UK 
Biobank) due to the polygenic score. Panel D shows associations with type 2 diabetes and coronary artery disease 
using data from UK Biobank1, EPIC-InterAct12 and DIAGRAM18 for type 2 diabetes or UK Biobank1 and 
CARDIoGRAMplusC4D19 for coronary disease. Associations are reported in odds ratio or absolute risk increase 
per 1-SD increase in WHRBMI-adjusted (corresponding to 0.056 ratio units of age-, sex- and BMI-residualized WHR in 
UK Biobank) due to the polygenic score. Abbreviations: N, number of participants; SD, standard deviation; CI, 
confidence interval; WHR, waist-to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; LDL, low-density lipoprotein cholesterol; TG, triglycerides; OR, odds ratio; ARI, absolute risk 
increase; py, participant-years of follow-up. 
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eFigure 17, Panels C-D 
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