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eMethods 
 
A. Principles of Mendelian randomization 
 
Traditional observational epidemiology attempts to measure an association between an exposure (e.g. 
WHRadjBMI) and an outcome (e.g. coronary heart disease), while adjusting for potential confounders 
(e.g. age, sex, education). Assuming that all potential confounders are appropriately adjusted for, this 
approach can derive a causal association of WHRadjBMI with the outcome of interest. In practice, 
however, many confounders are unobserved or unmeasured and thus cannot be adjusted for. Furthermore, 
presence of the outcome at baseline, if unobserved, may affect the exposure. For example, undiagnosed 
coronary heart disease at baseline may lower measured blood pressure. As a result of confounding and 
reverse causality, observational studies may lead to estimated associations discrepant from their true 
values. 
 
Mendelian randomization is based on the premise that genetic variants are distributed largely at random in 
the population. As a result, genetic variants are typically not associated with the traditional confounders 
(education, income, healthy living etc.) that may bias observational studies.1 Consequently, if there is a 
causal relationship between the exposure and outcome of interest, a genetic variant or collection of 
variants that increases levels of the exposure should be associated with the outcome. If, on the other hand, 
an observational association between an exposure and an outcome is due to confounding, a genetic variant 
that increases levels of the exposure should be unassociated with the outcome.  
 
The major limitation of Mendelian randomization is pleiotropy. If a genetic variant used as an instrument 
for an exposure affects risk of the outcome through a pathway independent of the exposure, estimates 
derived from Mendelian randomization will be biased.1 Risk of pleiotropy should thus be minimized 
through sensitivity analyses and through careful selection of genetic variants.1 Nonetheless, Mendelian 
randomization is a powerful approach to test if the association of an exposure with outcome seen in 
observational epidemiology represents a causal relationship. 
 
B. Summary level data from genome-wide association studies 
 
Data 
 
An overview of the included genome-wide association studies (GWAS) is provided in eTable 3. 
 
For waist-to-hip ratio adjusted for body mass index, waist-to-hip ratio, body mass index, waist 
circumference and hip circumference, data from the Genetic Investigation of ANthropometric Traits 
(GIANT) consortium was used.2,3 For waist-to-hip ratio, waist circumference and hip circumference, data 
from 210,088 individuals of European ancestry were included. For body mass index, data for 322,154 
individuals of European ancestry were included. Individuals were genotyped using various arrays and 
imputed with the HapMap reference panel to 2.5 million single nucleotide polymorphisms (SNPs). 
 
For lipids (total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides), data from the Global 
Lipids Genetic Consortium, a meta-analysis of 188,577 individuals of European descent, was used.4 This 
GWAS included 37 studies genotyped using the Illumina Metabochip array as well as an additional 23 
studies genotyped using a variety of arrays. 
 
For glycemic traits, data from the Meta-Analyses of Glucose and Insulin-related traits Consortium 
(MAGIC), which included 133,010 individuals of European ancestry without diabetes, was used.5 This 
consortium included studies genotyped using the Metabochip as well as studies genotyped using various 
arrays with imputation to 2.5 million SNPs using the HapMap reference panel. SNPs included on the 
Metabochip were then meta-analyzed across studies. 
 
For estimated glomerular filtration rate (eGFR) and chronic kidney disease, data from the Chronic Kidney 
Disease Genetics consortium (CKDGen), a meta-analysis of 133,413 individuals of European descent 
from 49 studies, was used.6 Individuals were genotyped using various arrays and imputed with the 
HapMap reference panel to 2.5 million SNPs. 
 
For coronary heart disease, data from the 1000 Genomes Imputation of CARDIOGRAMplusC4D was 
used. This study was a meta-analysis of up to 184,305 individuals (60,801 coronary heart disease (CHD) 
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cases and 123,504 controls), the majority (77%) of whom were of European ancestry with remain 
individuals predominantly of South Asian (13%) and East Asian descent (6%).7 Remaining individuals 
were of African-American and Hispanic ancestry. This meta-analysis included 48 studies genotyped using 
the Illumina Metabochip array and imputed to 38 million variants using 1000 Genomes data. One SNP 
associated with WHRadjBMI (rs7759742) was not available in CARDIOGRAMplusC4D 1000 Genomes 
imputation, but was available in an earlier CARDIOGRAMplusC4d consortium;8 the estimate from 
CARDIOGRAMplusC4D was thus used for this SNP. 
 
For diabetes, data from the DIAbetes Genetics Replication and Meta-analysis (DIAGRAM) Consortium 
was used. This study was a meta-analysis of 34 840 diabetes cases and 114 981 controls, overwhelmingly 
of European descent.9 This meta-analysis included 12 studies genotyped using a range of arrays and 
imputed with the HapMap reference panel to 2.5 million SNPs. These studies were meta-analysed with 26 
studies genotyped using the Illumina Metabochip array. 
 
Standardization of Cardiometabolic Trait Estimates 
 
While GIANT and GLGC reported estimates of variants in units of standard deviations, the MAGIC and 
CKDGen consortia did not. Betas from these two consortia were standardized so that the association of 
WHRadjBMI with cardiometabolic traits could be uniformly expressed in terms of standard deviations. 
For HbA1c, fasting glucose and two-hour glucose from the MAGIC consortium, one standard deviation 
(SD) was assumed to correspond to 0.535%, 13.1 mg/dl and 10.1 mg/dl, the pooled standard deviation of 
studies included in a previous report from the MAGIC consortium.10 As a pooled standard deviation for 
log-transformed fasting insulin was not available from the MAGIC consortium, an estimate of 0.44 from 
the Framingham Offspring Study was used.11 For CKDGen, to express estimated glomerular filtration rate 
in absolute terms, a published estimate from white individuals in the National Health and Nutrition 
Examination Survey (NHANES) was used, assuming that one SD in eGFR corresponds to 49.1 mL/min.12 
 
To express increases in lipid levels in absolute terms, which may be easier for clinicians to interpret, 
population level standard deviations in lipid levels using NHANES survey data from 2005-2012 were 
calculated. A one SD in total cholesterol was 39.8 mg/dl, a one SD in LDL cholesterol was 34.8 mg/dl, a 
one SD in HDL cholesterol was 15.5 mg/dl and a one SD in triglycerides was 65.6 mg/dl. To express 
BMI, WHR, waist circumference and hip circumference in absolute terms, standard deviation estimates 
from UK Biobank were used. One SD in BMI, WHR, waist circumference and hip circumference 
corresponded to 4.8 kg/m2, 0.09, 13.6 cm and 9.2 cm, respectively. 
 
C. Individual level data from UK Biobank and derivation of polygenic risk scores 
 
Data 
 
Individual level genetic data was available from 111,986 individuals in UK Biobank, after excluding 
related samples, individuals whose genetic sex did not match self-reported sex and extreme outliers. Of 
these individuals, 38,505 were genotyped using the Affymetrix UK BiLEVE array and 73,481 individuals 
were genotyped using the Affymetrix UK Biobank Axiom Array. Phasing and imputation were performed 
centrally, by UK Biobank, using a reference panel combining UK10k and 1000 Genomes samples. 
73,355,667 variants were imputed. 

To adjust for the presence of antihypertensive medication, 15 mm Hg was added to systolic blood pressure 
and 10 mm Hg was added to diastolic blood pressure of individuals on antihypertensive medication at 
baseline. This addition has been applied in previous genome-wide association studies13 and suggested in a 
simulation study to produce accurate estimates of model parameters.14 

Polygenic risk scores 

To derive polygenic risk scores for use in UK Biobank, the number of risk alleles for each individual was 
multiplied by the reported association of each SNP with waist-to-hip ratio adjusted for body mass index 
(WHRadjBMI) from the GIANT consortium (eTable 1).2 One SNP (rs1534696) that was associated with 
WHRadjBMI in an all-ancestry analysis in GIANT, but not in a European ancestry specific analysis, was 
excluded, as Mendelian randomization rests on the assumption that genetic variants used as instruments 
are associated with the exposure of interest (WHRadjBMI), and rs1534696 is not significantly associated 
with WHRadjBMI in populations of European ancestry (the populations predominantly analysed). All 48 
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remaining SNPs that were associated with WHRadjBMI in GIANT (in either sex-specific or sex-
combined analyses) were included in the primary score (All SNPs). 24 SNPs that were not associated with 
BMI were used in the non-BMI associated score. 8 SNPs that were linked to gene expression in adipose 
tissue (that is, associated with eQTLs in adipose tissue2) were used in the adipose-tissue score. 

Analysis 

For individual level data from UK Biobank, these polygenic risk scores were used to perform an 
instrumental variable analysis of the association of WHRadjBMI (per SD) with traits and outcomes. For 
binary outcomes (diabetes, coronary heart disease and 35 additional diseases) iterative reweighted least 
squares (a maximum quasi-likelihood estimation) logistic regression was used for the instrumental 
variables regression, adjusting for age, sex, ten principal components of ancestry and a dummy variable 
for the array type used in genotyping. For continuous outcomes (anthropometric traits and blood pressure), 
two-stage least squares linear regression was used for the instrumental variables regression, adjusting for 
age, sex, ten principal components of ancestry and a dummy variable for the array type used in 
genotyping.  
 
D. Sensitivity analyses 
 
Five additional sensitivity analyses were conducted to examine the robustness of the results. First, as SNPs 
associated with WHRadjBMI are, on average, significantly inversely associated with BMI,2 a risk score 
composed of 24 SNPs that were not associated with BMI (p > 0.05) was used. If elevated WHRadjBMI 
causes type 2 diabetes and CHD, independent of overall adiposity (as measured by BMI), this polygenic 
risk score should increase the risk of type 2 diabetes and CHD. A one SD increase in WHRadjBMI using 
this polygenic risk score of 24 non-BMI associated SNPs was associated with elevated triglycerides (26 CI 
22, 30 mg/dl; p=1.1*10-40), type 2 diabetes (OR 1.25 CI 1.05, 1.49; p=0.012) and coronary heart disease 
(OR 1.41 CI 1.22, 1.63; p=4.0*10-6; eFigures 1-3).  
 
Second, an instrument restricted to 8 SNPs associated with WHRadjBMI that are known to regulate gene 
expression in adipose tissue was used.2 Unlike the 48 SNP primary score and 24 SNP secondary score, 
this score is composed of variants known to be associated with expression of the relevant gene in adipose 
tissue. If WHRadjBMI causes type 2 diabetes and CHD, this score with a biological link in adipose tissue 
should also be associated with risk of type 2 diabetes and CHD. A one SD increase in WHRadjBMI using 
this polygenic risk score of 8 SNPs which modify gene expression in adipose tissue was also associated 
with elevated triglycerides (44 CI 37, 51 mg/dl; p=1.0*10-32), type 2 diabetes (OR 2.23 CI 1.62, 3.06; 
p=7.8*10-7) and coronary heart disease (OR 1.74 CI 1.32, 2.30; p=8.87*10-5; eFigures 1-3).  
 
Third, the association of SNPs with body mass index based on summary-level data and measured BMI in 
UK Biobank were included as additional covariates to examine whether residual confounding by BMI was 
influencing the results. A one SD increase in WHRadjBMI using the primary polygenic risk score 
remained associated with type 2 diabetes and CHD after additional adjustment for the associations of 
variants with BMI (eFigures 4-6).  
 
Fourth, weighted median regression, which has been shown to derive consistent estimates when up to half 
of instruments are not valid, was used as an additional sensitivity analysis to examine if estimates were 
biased by unobserved pleiotropy.15 A one SD increase in WHRadjBMI using the primary 48 SNP 
polygenic risk score was associated with type 2 diabetes (OR 1.54 CI 1.24, 1.92; p=1.2*10-4) and CHD 
(OR 1.39 CI 1.18, 1.65; p=1.2*10-4) in an analysis using this approach (eFigure 7).  
 
Fifth, a technique applied in the econometrics and Mendelian randomization literature was used (termed a 
falsification test16,17) to examine if pleiotropy was influencing our results by exploiting sex differences in 
the association of certain SNPs with WHRadjBMI. Rather than using genetic variants that are uniformly 
associated with WHRadjBMI, a polygenic risk score composed of eight SNPs associated with 
WHRadjBMI only in women was used (eTable 2).18 This approach protects against pleiotropy influencing 
the results.17 If the association of a polygenic risk score associated with WHRadjBMI on CHD is due to 
pleiotropy (that is, the genetic variants cause CHD through a pathway independent of WHRadjBMI), then 
the risk score should increase risk of CHD in both women and men. If, on the other hand, WHRadjBMI 
causes CHD, then a risk score that increases WHRadjBMI in women but not in men should increase risk 
of CHD in women but not in men.  
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To derive sex-specific polygenic risk scores, 21 SNPs that were recently identified in the GIANT 
consortium as associated with higher WHRadjBMI in women, but unassociated with men, were used.18 
SNPs in loci suggested to be involved in the pathogenesis of heart disease (rs9687846 in the MAP3K1 
loci19) and diabetes (rs17819328 in the PPARG loci20) were excluded. The remaining 19 SNPs were then 
tested for association of WHRadjBMI in women and men in UK Biobank. 11 SNPs were either not 
associated with WHRadjBMI in women in UK Biobank or were associated with WHRadjBMI in men; 
these were excluded. A polygenic risk score of the remaining 8 SNPs that were associated with higher 
WHRadjBMI in women but were unassociated with WHRadjBMI in men was then used. This score was 
used as an instrument to examine the association of a genetically elevated increased WHRadjBMI in 
women but not men with coronary heart disease and type 2 diabetes in women and men separately (eTable 
2). As a sensitivity analysis, the analysis was conducted using all 21 SNPs. 
  
The per allele associations of this risk score with CHD and type 2 diabetes in women and men in UK 
Biobank were calculated (specified by including an interaction term between the risk score and sex in the 
model). Tests for interactions between the association of this risk score in women compared to men were 
performed. 
 
This instrument was associated with WHRadjBMI in women but not men (p interaction = 3.4*10-37, 
eFigure 8). Tests for interaction on the association of this instrument with diabetes and CHD between 
women and men were nonsignificant (p interaction = 0.1 and 0.11, respectively). However, this instrument 
was associated with a non-significantly greater risk of type 2 diabetes in women (OR 1.04 CI 1.01, 1.06 
per allele) than men (OR 1.01 CI 0.99, 1.03 per allele). This instrument was also associated with a non-
significantly greater risk of CHD in women (OR 1.03 CI 1.00, 1.06) than men (OR 1.00 CI 0.98, 1.02). 
When all 21 SNPs previously identified as being associated with WHRadjBMI in women but not men 
were used in a sensitivity analysis, this instrument increased WHRadjBMI in both women and men 
(eFigure 9). Tests for interaction by sex for diabetes and CHD were non-significant using this instrument 
(p= 0.19 and 0.07, respectively), although this instrument was also associated with a numerically greater 
increase in risk of CHD and diabetes in women than men. 
 
E. Derivation of absolute risk increases 
 
To estimate the absolute risk increases based on calculated odds ratio associated with genetically elevated 
WHRadjBMI for type 2 diabetes, the United States population level estimate of the incidence of type 2 
diabetes by the Center for Disease Control and Prevention was used (7.8/1000 participant years of follow 
up).21 To estimate the absolute risk increases associated with WHRadjBMI for coronary heart disease, the 
American Heart Association estimate of the incidence of coronary heart disease (coronary heart disease 
death or non-fatal myocardial infarction) in the United States was used (3.9 per 1000 participant years).22  
 
The absolute risk increase associated with each disease was then calculated using this formula: ARI = 
(OR-1)*AI where ARI is the absolute risk increase, OR is the odds ratio and AI is the absolute incidence 
in events per 1000 participant years. 
 
F. Non-linear instrumental variables estimation 
 
The presence of a non-linear relationship between genetic WHRadjBMI and CHD and type 2 diabetes was 
tested using non-linear instrumental variables estimation.23 Participants in UK Biobank were stratified into 
quintiles using the residual of WHRadjBMI conditional on the 48 SNP WHRadjBMI polygenic risk score, 
as in Burgess et al.23 That is, participants were stratified into quintiles not by their baseline WHRadjBMI, 
but by their WHRadjBMI after subtracting the effect of their polygenic risk score on WHRadjBMI. 
Instrumental variables regression was then performed within quintiles to estimate the association of 
genetic WHRadjBMI with CHD and type 2 diabetes within quintiles. Tests for linear trend and tests for 
heterogeneity between quintiles were performed to test for the presence of non-linear associations. 
 
The impact of the polygenic risk score for WHRadjBMI on risk of type 2 diabetes was consistent across 
the range of observed WHRadjBMI, without evidence of a linear trend or heterogeneity (eTable 7). 
However, for CHD, the impact of the polygenic risk score was most pronounced among those with the 
lowest observed WHRadjBMI (P for linear trend = 0.03). A one standard deviation genetic increase in 
WHRadjBMI was associated with a greater increase in the risk of CHD in the lowest quintile of baseline 
WHRadjBMI (OR 2.20 CI 1.31, 3.68) than the top quintile of baseline WHRadjBMI (1.26 CI 0.76, 2.09; 
eTable 7). 
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G. Presence of collider bias in WHRadjBMI phenotype 
 
Collider bias can occur in genome-wide association studies of phenotypes that are the ratio of two 
phenotypes and refers to the unexpected inverse association of genetic variants with the phenotype that is 
the denominator of the ratio.24 For example, in this study, the association of variants with WHRadjBMI 
could be because they are associated with elevated waist-to-hip ratio (the expected association) or reduced 
body mass index (bias). However, all of the 48 variants used that were associated with WHRadjBMI were 
also associated (p<0.01) with unadjusted WHR (eTable 8) in their respective sex-combined or sex-specific 
analysis. Furthermore, an analysis in which variants that were significantly associated with body mass 
index (the denominator of the ratio) was conducted. Estimates using this 24 SNP score are consistent, 
indicating that our results are not due to our polygenic risk score being inversely associated with body 
mass index. 
 
H. Replication of asthma association in phenome wide association study 
 
In an attempt to replicate the association of genetic WHRadjBMI with asthma observed in the phenome 
wide association study in UK Biobank, summary-level data from the “A Multidisciplinary Study to 
Identify the Genetic and Environmental Causes of Asthma in the European Community” (GABRIEL) 
consortium of 10365 asthma cases and 16110 controls of European descent was used.25 This meta-analysis 
included 23 studies genotyped using an Illumina Human610 quad array. As with other outcomes, an 
inverse variance weighted fixed effects meta-analysis of the association of each SNP with asthma, divided 
by the association of each SNP with WHRadjBMI, was conducted.  
 
The nominal association of WHRadjBMI observed with asthma in the UK Biobank phenome wide 
association study (OR 1.17 CI 1.01, 1.35; p=0.037; Figure 5) was not replicated in an independent 
Mendelian randomization analysis using data from the GABRIEL consortium (eFigure 11).25 
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eTable 1. Forty-eight single nucleotide polymorphisms used as instrumental variables in the primary analysis. 

        Instrument (N SNPs) 

dbSNP rsid Locus Chromosome Effect Allele Non-Effect Allele Effect Allele Frequency Beta SE All SNPs  (48) Non-BMI (24)  Adipose Tissue (8) 

rs2645294 TBX15-WARS2 1 T C 0.580 0.031 0.004 Yes No No 

rs905938 DCST2 1 T C 0.743 0.025 0.004 Yes No No 

rs10919388 GORAB 1 C A 0.723 0.024 0.004 Yes Yes No 

rs714515 DNM3-PIGC 1 G A 0.429 0.027 0.003 Yes No No 

rs2820443 LYPLAL1 1 T C 0.717 0.035 0.004 Yes No No 

rs1385167 MEIS1 2 G A 0.148 0.029 0.005 Yes Yes No 

rs10195252 GRB14-COBLL1 2 T C 0.593 0.027 0.004 Yes No No 

rs1569135 CALCRL 2 A G 0.530 0.021 0.003 Yes No No 

rs17819328 PPARG 3 G T 0.432 0.021 0.004 Yes Yes No 

rs2276824 PBRM1 3 C G 0.434 0.024 0.004 Yes No No 

rs2371767 ADAMTS9 3 G C 0.725 0.036 0.004 Yes No No 

rs10804591 PLXND1 3 A C 0.795 0.025 0.004 Yes Yes No 

rs17451107 LEKR1 3 T C 0.615 0.026 0.004 Yes Yes Yes 

rs3805389 NMU 4 A G 0.280 0.012 0.004 Yes No No 

rs9991328 FAM13A 4 T C 0.488 0.019 0.003 Yes No Yes 

rs303084 SPATA5-FGF2 4 A G 0.796 0.023 0.004 Yes No No 

rs9687846 MAP3K1 5 A G 0.188 0.024 0.005 Yes Yes No 

rs1045241 TNFAIP8-HSD17B4 5 C T 0.711 0.019 0.004 Yes Yes No 

rs7705502 CPEB4 5 A G 0.328 0.027 0.004 Yes No No 

rs6556301 FGFR4 5 T G 0.357 0.022 0.004 Yes No No 

rs1294410 LY86 6 C T 0.633 0.031 0.004 Yes Yes No 

rs7759742 BTNL2 6 A T 0.511 0.023 0.003 Yes No Yes 

rs1776897 HMGA1 6 G T 0.080 0.030 0.007 Yes Yes No 

rs1358980 VEGFA 6 T C 0.468 0.039 0.004 Yes No No 

rs1936805 RSPO3 6 T C 0.511 0.043 0.003 Yes Yes No 

rs10245353 NFE2L3 7 A C 0.200 0.035 0.004 Yes Yes No 

rs7801581 HOXA11 7 T C 0.242 0.027 0.004 Yes Yes No 

rs7830933 NKX2-6 8 A G 0.767 0.022 0.004 Yes Yes Yes 

rs12679556 MSC 8 G T 0.248 0.027 0.004 Yes Yes No 

rs10991437 ABCA1 9 A C 0.114 0.031 0.005 Yes Yes No 
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dbSNP rsid Locus Chromosome Effect Allele Non-Effect Allele Effect Allele Frequency Beta SE All SNPs  (48) Non-BMI (24)  Adipose Tissue (8) 

rs7917772 SFXN2 10 A G 0.616 0.014 0.004 Yes No No 

rs11231693 MACROD1-VEGFB 11 A G 0.062 0.041 0.008 Yes No No 

rs10842707 ITPR2-SSPN 12 T C 0.232 0.032 0.004 Yes No No 

rs1443512 HOXC13 12 A C 0.237 0.028 0.004 Yes Yes No 

rs4765219 CCDC92 12 C A 0.668 0.028 0.004 Yes No Yes 

rs8042543 KLF13 15 C T 0.782 0.026 0.004 Yes Yes No 

rs8030605 RFX7 15 A G 0.142 0.030 0.005 Yes No No 

rs1440372 SMAD6 15 C T 0.710 0.024 0.004 Yes Yes No 

rs2925979 CMIP 16 T C 0.306 0.018 0.004 Yes Yes Yes 

rs4646404 PEMT 17 G A 0.665 0.027 0.004 Yes Yes No 

rs8066985 KCNJ2 17 A G 0.509 0.018 0.003 Yes No No 

rs12454712 BCL2 18 T C 0.601 0.016 0.004 Yes No No 

rs12608504 JUND 19 A G 0.355 0.022 0.004 Yes Yes Yes 

rs4081724 CEBPA 19 G A 0.851 0.035 0.005 Yes Yes No 

rs979012 BMP2 20 T C 0.343 0.027 0.004 Yes No No 

rs224333 GDF5 20 G A 0.623 0.020 0.004 Yes Yes Yes 

rs6090583 EYA2 20 A G 0.480 0.022 0.003 Yes No No 

rs2294239 ZNRF3-KREMEN1 22 A G 0.587 0.025 0.004 Yes Yes No 
Beta refers to the association of each variant with WHRadjBMI in units of standard deviations. Effect allele frequency refers to the proportion (of 1) of alleles that were the 

effect allele in GIANT (where the variant was identified). Abbreviation: SNP, single nucleotide polymorphism 
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eTable 2. Eight single nucleotide polymorphisms used as an instrument for increased waist-to-hip ratio adjusted for body mass index 

in women but not in men. 

SNP Locus Chromosome Effect Allele Non-Effect Allele Effect Allele Frequency Beta Women SE Women P-Women Beta Men SE Men P-Men 

rs4656767 GORAB 1 A C 0.71 0.029 0.00497 5.30*10-9 0.006 0.00555 0.28 

rs1045241 TNFAIP8 5 C T 0.71 0.033 0.00502 4.80*10-11 0 0.0055 0.93 

rs2956993 GANAB 11 G T 0.38 0.026 0.00463 1.90*10-8 0.004 0.00496 0.42 

rs2811434 PLXND1 3 T G 0.79 0.046 0.00617 8.80*10-14 -0.005 0.00692 0.47 

rs6971365 KLF14 7 C T 0.3 0.027 0.00486 2.80*10-8 -0.006 0.00533 0.26 

rs7492628 RSPS6KA5 14 G C 0.3 0.031 0.00555 2.30*10-8 0.007 0.00609 0.25 

rs7917772 SFXN2 10 A G 0.62 0.027 0.00465 6.20*10-9 0.001 0.00395 0.8 

rs8066985 KCNJ2 17 A G 0.51 0.026 0.00446 5.40*10-9 0.005 0.00535 0.35 
Beta refers to the association of each variant with WHRadjBMI in units of standard deviations. Effect allele frequency refers to the proportion (of 1) of alleles that were the 
effect allele in GIANT (where the variant was identified). A genome-wide threshold of p<5*10-8 was used for identification of variants which increased WHRadjBMI in women. 
Abbreviation: SNP, single nucleotide polymorphism 
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eTable 3. Summary of included genome-wide association studies. 

Consortium Outcome/Trait Sample Size Genotyping 

GIANT2,3 Waist-to-hip ratio 

Waist 
circumference 

Hip circumference 

Body mass index 

Up to 322,154 
individuals 

Various arrays, imputation 
to 2.5 million SNPs using 
HapMap reference panel 

GLGC4 LDL cholesterol 
HDL cholesterol 
Total cholesterol 
Triglycerides 

Up to 188,577 
individuals 

37 studies using 
metabochip, 23 studies 
using various arrays 

MAGIC5 Fasting glucose 
Fasting insulin 
Two hour glucose 
HbA1c 

Up to 133,010 
individuals 

Various arrays, imputation 
to 2.5 million SNPs using 
HapMap reference panel 

CKDGen6 Serum estimated 
glomerular 
filtration rate 
 

Up to 133,413 
individuals 

Various arrays, imputation 
to 2.5 million SNPs using 
HapMap reference panel 

CARDIOGRAMplusC4d 
Consortium7 

Coronary heart 
disease 

Up to 60,801 
cases/ 
123,504 
controls 

Illumina Metabochip with 
imputation to 38 million 
variants using 1000 
Genomes reference panel 

DIAGRAM9 Diabetes Up to 34,840 
cases/ 
114,981 
controls 

37 studies using 
Metabochip, 23 studies 
various arrays, imputation 
to 2.5 million SNPs using 
HapMap reference panel 

Abbreviations: CARDIOGRAMplusC4D, Coronary ARtery DIsease Genome-wide Replication 
and Meta-analysis plus The Coronary Artery Disease Genetics consortium; DIAGRAM, 
DIAbetes Genetics Replication And Meta-analysis; GIANT, Genetic Investigation 
of ANthropometric Traits; GLGC, Global Lipids Genetics Consortium; MAGIC, Meta-Analyses 
of Glucose and Insulin-related traits Consortium; CKDGen, Chronic Kidney Disease Genetics 
Consortium; SNPs, single nucleotide polymorphism; LDL cholesterol, low-density lipoprotein 
cholesterol; HDL cholesterol, high-density lipoprotein cholesterol.  
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eTable 4: Definitions of diseases ascertained at baseline in UK Biobank. 

Outcome Definition (UK Biobank unless otherwise specified) 

Coronary heart disease 

History of angina or myocardial infarction during verbal 
interview with trained nurse or hospitalization for ICD codes 
I21-I23 

Type 2 Diabetes 

History of diabetes unspecified or type 2 diabetes during 
verbal interview with trained nurse or current use of insulin 
medication 

Stroke 

History of stroke, ischemic stroke, or subarachnoid 
hemorrhage during verbal interview with trained nurse or 
hospitalization for ICD codes I60-I64 

Atrial fibrillation/flutter 
History of atrial fibrillation or flutter during verbal interview with 
trained nurse or hospitalization for ICD code I48 

Heart failure 
History of heart failure during verbal interview with trained 
nurse or hospitalization for ICD code I50 

Aortic stenosis 
History of aortic stenosis during verbal interview with trained 
nurse or hospitalization for ICD code I350 

Peripheral vascular disease 

History of peripheral vascular disease or intermittent 
claudication during verbal interview with trained nurse or 
hospitalization for ICD code I731, I738, I1739, I743, I744, I745 

Venous thromboembolism 

History of venous thromboembolism, deep vein thrombosis or 
pulmonary embolism during verbal interview with trained 
nurse or hospitalization for ICD code I26 or I80-I82 

Hyperthyroidisim 
History of hyperthyroidism during verbal interview with trained 
nurse 

Hypothyroidism 
History of hypothyroidism during verbal interview with trained 
nurse 

Gout History of gout during verbal interview with trained nurse 

Enlarged prostate 
History of enlarged prostate during verbal interview with 
trained nurse 

Uterine fibroids 
History of uterine fibroids during verbal interview with trained 
nurse 

Gastric reflux  
History of gastric reflux during verbal interview with trained 
nurse 

Irritable bowel syndrome 
History of irritable bowel syndrome during verbal interview 
with trained nurse 

Gallstone History of gallstones during verbal interview with trained nurse 

Migraine History of migraine during verbal interview with trained nurse 

Depression 
History of depression during verbal interview with trained 
nurse 

Anxiety 
History of anxiety/panic attacks during verbal interview with 
trained nurse 

Back Pain History of back pain during verbal interview with trained nurse 

Joint Pain History of joint pain during verbal interview with trained nurse 

Osteoporosis 
History of osteoporosis during verbal interview with trained 
nurse 

Osteoarthritis 
History of osteoarthritis during verbal interview with trained 
nurse 

Sciatica History of sciatica during verbal interview with trained nurse 

Prolapsed disc 
History of prolapsed disc/slipped disc during verbal interview 
with trained nurse 

Asthma History of asthma during verbal interview with trained nurse 

COPD 

History of chronic obstructive airways disease, 
emphysema/chronic bronchitis or emphysema during verbal 
interview with trained nurse 
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Outcome Definition (UK Biobank unless otherwise specified) 

Pneumonia 
History of pneumonia during verbal interview with trained 
nurse 

Hayfever History of hayfever during verbal interview with trained nurse 

Lung cancer 
History of lung cancer, small cell lung cancer or non-small cell 
lung cancer during verbal interview with trained nurse 

Breast cancer 
History of breast cancer during verbal interview with trained 
nurse 

Colorectal cancer 

History of large bowel cancer/colorectal cancer, colon 
cancer/sigmoid cancer 
 or rectal cancer during verbal interview with trained nurse 

Skin cancer 

History of skin cancer, malignant melanoma, non-melanoma 
skin cancer, basal cell carcinoma or squamous cell carcinoma 
during verbal interview with trained nurse 

Prostate cancer 
History of prostate cancer during verbal interview with trained 
nurse 

Cervical malignancy 
History of cervical cancer or cin cells at the cervix during 
verbal interview with trained nurse 

Other cancer 

History of any other cancer than lung cancer, breast cancer, 
colorectal cancer, skin cancer, prostate cancer or cervical 
malignancy during verbal interview with trained nurse 

Any cancer 
History of any cancer during verbal interview with trained 
nurse 

Abbreviations: COPD, chronic obstructive pulmonary disease; ICD, international classification 
of disease 
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eTable 5. Association of WHRadjBMI polygenic risk score with potential confounders in UK Biobank. 

 Quartiles of WHRadjBMI Polygenic Risk Score  

 Q1 Q2 Q3 Q4 Test for Trend 

Quartile Range 0.73 to 1.12 >1.12 to 1.2 >1.2 to 1.28 >1.28 to 1.73  

Number of Participants 27997 27996 27996 27997  

Current smoker, n (%) 3426 (12%) 3366 (12%) 3368 (12%) 3451 (12%) p=0.51 

Past smoker, n (%) 10155 (40%) 10188 (40%) 10193 (40%) 10227 (41%) p=0.30 

Moderate exercise ± SD, mean number of days per week 3.60 ± 2.33 3.63 ± 2.34 3.61 ± 2.33 3.60 ± 2.35 p=0.44 

Intense exercise ± SD, mean number of days per week  1.81 ± 1.93 1.80 ± 1.96 1.80 ± 1.94 1.81 ± 1.96 p=0.94 

 Daily alcohol consumption, n (%) 6052 (22%) 6032 (22%) 6056 (22%) 6020 (22%) p=0.73 

Six tablespoons of vegetables or more per day, n(%) 8175 (32%)  8203 (32%) 8322  (32%) 8201 (32%) p=0.58 

Red meat consumption three or more times per week, n(%) 6215 (22%)  6191 (22%)  6223 (22%) 6269  
(23%) p=0.61 

Breastfed as baby, n(%) 15117 (71%)  15052 (71%) 14976 (71%)  14971 (71%) p=0.16 
Abbreviations: SD = standard deviation 
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eTable 6. Association of observational WHRadjBMI with potential confounders in UK Biobank. 

 Quartiles of WHRadjBMI   

 Q1 Q2 Q3 Q4 
Test for 
Trend 

Quartile Range -6.97 to -0.662 -0.661 to -0.0441 -0.0442 to 0.626 0.627 to 8.2  

Number of Participants 27997 27996 27996 27997  

Current smoker, n (%) 2226 (8%) 2973 (11%)   3627 (13%)  4785 (17%) p<0.001 

Past smoker, n (%) 9221 (35%) 9857 (38%)  10506  (42%)  11179 (47%) p<0.001 
Moderate exercise ± SD, mean number of days per 
week 3.72 ± 2.32 3.68 ± 2.31 3.59 ± 2.34 3.44 ± 2.38 p<0.001 

Intense exercise ± SD, mean number of days per 
week  1.98 ± 1.97 1.90 ± 1.95 1.77 ± 1.93 1.58 ± 1.90 p<0.001 

Daily alcohol consumption, n (%) 5530  (20%) 5965  (21%) 6185 (22%)  6480 (23%) p<0.001 

Six tablespoons of vegetables or more per day, n(%) 8625 (33%) 8341 (32%) 8139 (31%) 7796 (30%) p<0.001 
Red meat consumption three or more times per 
week, n(%) 5931 (21%)  6081 (22%)  6233 (22%)  6653 (24%) p<0.001 

Breastfed as baby, n (%) 15492 (72%)  15252 (71%)  14984 (71%) 14388 (70%) p<0.001 
Abbreviations: SD = standard deviation
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eTable 7. Association of genetically-elevated waist-to-hip ratio adjusted for body mass index (one standard deviation 
increase) with type 2 diabetes and coronary heart disease, overall and by quintile of WHRadjBMI. Estimates were derived in 
UK Biobank, using instrumental variables regression adjusting for age, sex, ten principal components of ancestry and array type. 
Quintiles were derived as in Burgess et al.23 using the residual of WHRadjBMI conditional on the 48 SNP WHRadjBMI polygenic 
risk score. That is, quintiles were formed after subtracting the genetic increase in waist-to-hip ratio adjusted for body mass index 
from the observed waist-to-hip ratio adjusted for body mass index for each participant in UK Biobank. Test for linear trend was 
performed using inverse variance weighted linear regression and test for heterogeneity using Cochran’s Q test. 
 

               WHRadjBMI              _                   OR per SD higher genetic WHRadjBMI 

 
Mean Median Range Diabetes CHD 

Overall 0 -0.04 -6.97 to 8.20 1.73 (1.40, 2.15) 1.64 (1.31, 2.06) 
First Quintile of WHRadjBMI -1.33 -1.21 -6.95 to -0.808 1.28 (0.73, 2.25) 2.2 (1.31, 3.68) 
Second Quintile of WHRadjBMI -0.53 -0.52 >-0.808 to -0.278 2.2 (1.23, 3.91) 2.45 (1.44, 4.16) 
Third Quintile of WHRadjBMI -0.043 -0.044 >-0.278 to 0.199 1.54 (0.97, 2.44) 1.57 (0.97, 2.55) 
Fourth Quintile of WHRadjBMI 0.47 0.47 >0.199 to 0.792 2.26 (1.57, 3.27) 1.35 (0.88, 2.09) 
Fifth Quintile of WHRadjBMI 1.42 1.27 >0.792 to 8.15 1.23 (0.75, 2.02) 1.26 (0.76, 2.09) 
Test for Linear Trend    p=0.93 p=0.03 
Test for Heterogeneity    p=0.21 p=0.26 
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eTable 8. P-value for association of 48 variants with WHRadjBMI and unadjusted WHR in 
sex combined and sex specific analysis. The association that reached genome-wide 
significance in either sex combined or sex specific analysis is bolded. P-values represent the 
strength of association of each SNP with WHRadjBMI in in either sex combined analysis 
(“Combined”) or sex specific analysis (“Women” and “Men”) in GIANT. 

SNP 

WHRadjBMI WHR 
Combined  
(p-value) 

Women 
(p-value) 

Men 
(p-value) 

Combined  
(p-value) 

Women  
(p-value) 

Men  
(p-value) 

rs10195252 5.87*10-15 4.68*10-30 5.33*10-1 2.60*10-9 1.00*10-23 6.60*10-2 
rs10245353 8.41*10-16 7.91*10-13 1.43*10-5 1.60*10-10 1.30*10-9 1.50*10-3 
rs1045241 4.41*10-7 6.63*10-12 9.29*10-1 5.80*10-5 3.50*10-8 8.40*10-1 
rs10804591 6.57*10-9 6.09*10-13 5.28*10-1 2.10*10-7 1.20*10-10 4.60*10-1 
rs10842707 4.40*10-16 6.06*10-15 1.44*10-4 1.40*10-11 3.40*10-11 3.50*10-3 
rs10919388 3.18*10-9 4.81*10-10 2.98*10-2 8.80*10-7 1.10*10-8 1.90*10-1 
rs10991437 1.02*10-8 2.76*10-8 6.13*10-3 3.90*10-6 4.20*10-6 3.70*10-2 
rs11231693 4.48*10-8 2.68*10-11 4.20*10-1 7.50*10-3 5.40*10-7 2.20*10-1 
rs12454712 1.02*10-4 1.13*10-9 2.45*10-1 2.90*10-1 1.80*10-5 2.20*10-3 
rs12608504 8.79*10-10 2.65*10-4 1.05*10-7 5.00*10-7 7.70*10-3 3.70*10-6 
rs12679556 2.14*10-11 2.13*10-10 4.15*10-3 1.20*10-9 7.40*10-9 7.70*10-3 
rs1294410 2.03*10-18 1.59*10-15 1.37*10-6 3.20*10-13 1.50*10-12 6.60*10-4 
rs1358980 3.11*10-27 3.74*10-34 4.02*10-3 2.00*10-14 2.40*10-24 4.90*10-1 
rs1385167 1.85*10-9 3.97*10-4 2.32*10-7 1.10*10-7 3.30*10-4 6.40*10-5 
rs1440372 1.13*10-10 1.09*10-5 1.39*10-6 7.60*10-9 2.60*10-5 6.30*10-5 
rs1443512 6.94*10-13 1.13*10-14 2.77*10-2 2.80*10-11 2.40*10-13 2.90*10-2 
rs1569135 5.61*10-10 6.86*10-7 1.48*10-4 1.00*10-12 7.20*10-7 6.60*10-8 
rs17451107 1.14*10-12 1.01*10-6 1.42*10-8 3.50*10-11 3.40*10-6 2.80*10-7 
rs1776897 1.12*10-5 6.84*10-9 7.42*10-1 6.50*10-4 8.70*10-7 7.20*10-1 
rs17819328 2.43*10-9 4.63*10-14 3.26*10-1 2.30*10-6 1.80*10-12 8.80*10-1 
rs1936805 3.56*10-35 3.67*10-30 3.08*10-10 8.50*10-30 7.00*10-24 5.40*10-10 
rs224333 2.57*10-8 7.43*10-2 9.00*10-12 1.70*10-6 3.40*10-2 3.60*10-7 
rs2276824 3.17*10-11 3.66*10-9 1.35*10-4 1.30*10-4 4.30*10-5 1.40*10-1 
rs2294239 7.24*10-13 6.94*10-10 2.31*10-6 4.40*10-9 9.00*10-8 9.70*10-4 
rs2371767 1.59*10-20 1.24*10-26 3.49*10-2 3.90*10-9 9.50*10-18 5.30*10-1 
rs2645294 1.69*10-19 1.53*10-14 1.46*10-7 3.40*10-12 1.30*10-9 2.60*10-4 
rs2820443 5.26*10-21 5.70*10-35 6.91*10-1 3.80*10-12 9.40*10-25 7.10*10-1 
rs2925979 1.22*10-6 3.40*10-11 7.86*10-1 2.40*10-4 2.20*10-7 8.00*10-1 
rs303084 3.88*10-8 3.43*10-7 9.91*10-3 9.90*10-4 1.10*10-4 3.70*10-1 
rs3805389 1.47*10-3 4.64*10-8 2.09*10-1 1.40*10-1 1.20*10-3 2.00*10-1 
rs4081724 7.38*10-12 9.19*10-7 1.41*10-7 1.50*10-8 9.00*10-6 1.10*10-4 
rs4646404 1.36*10-11 5.28*10-11 2.45*10-3 3.80*10-7 3.10*10-9 2.30*10-1 
rs4765219 1.56*10-15 1.00*10-14 5.32*10-4 1.20*10-7 4.10*10-8 4.70*10-2 
rs6090583 6.17*10-11 2.79*10-10 2.37*10-3 2.10*10-6 2.00*10-6 6.50*10-2 
rs6556301 2.58*10-8 7.05*10-4 1.00*10-6 4.00*10-4 4.70*10-3 3.00*10-2 
rs714515 4.38*10-15 1.80*10-10 8.54*10-7 1.20*10-8 5.10*10-8 4.40*10-3 
rs7705502 4.66*10-14 1.93*10-8 2.30*10-7 7.50*10-7 1.30*10-5 8.40*10-3 
rs7759742 4.41*10-11 1.73*10-7 5.49*10-6 2.60*10-6 5.20*10-5 8.70*10-3 
rs7801581 3.68*10-10 7.66*10-6 2.39*10-6 5.00*10-8 9.50*10-5 6.70*10-5 
rs7830933 7.45*10-8 1.23*10-12 8.35*10-1 7.50*10-6 2.00*10-8 4.90*10-1 
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SNP 

WHRadjBMI WHR 
Combined  
(p-value) 

Women 
(p-value) 

Men 
(p-value) 

Combined  
(p-value) 

Women  
(p-value) 

Men  
(p-value) 

rs7917772 5.64*10-5 5.50*10-9 8.57*10-1 5.50*10-3 2.30*10-5 7.10*10-1 
rs8030605 8.77*10-9 1.00*10-5 5.91*10-5 2.60*10-3 7.30*10-3 1.10*10-1 
rs8042543 1.16*10-9 6.69*10-5 1.01*10-6 2.10*10-6 8.80*10-5 4.00*10-3 
rs8066985 1.43*10-7 4.02*10-9 1.89*10-1 3.90*10-3 2.80*10-6 4.70*10-1 
rs905938 7.34*10-10 4.93*10-10 1.10*10-2 3.00*10-4 6.40*10-6 4.00*10-1 
rs9687846 7.11*10-8 3.75*10-12 9.69*10-1 1.30*10-4 3.40*10-9 3.30*10-1 
rs979012 3.34*10-14 1.04*10-7 6.59*10-8 2.20*10-5 5.60*10-4 1.10*10-2 
rs9991328 4.45*10-8 3.43*10-10 1.69*10-1 3.80*10-4 7.20*10-7 9.70*10-1 

A genome-wide threshold of p<5*10-8 was used for identification of variants which increased WHRadjBMI in sex-
combined or sex-specific analyses. 
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eFigure 1. Association of genetic waist-to-hip ratio adjusted for body mass index with cardiometabolic traits using 

three instruments. For systolic blood pressure, a one SD genetic increase WHRadjBMI in associated with a 2.1 (95% 
CI 1.2, 3.0) mm Hg higher systolic blood pressure, or a 0.1 (CI 0.059, 0.15) standard deviation increase in systolic 

blood pressure. For anthropometric traits, estimates from GIANT were pooled with UK Biobank using inverse variance 
weighted fixed effects meta-analysis. For lipid, glycemic and renal function traits estimates were derived from genome-

wide association studies alone (Global Lipids Genetics, Meta-analyses of Glucose and Insulin-related Traits and 
Chronic Kidney Genetics Consortia, respectively). For blood pressure, estimates were derived from UK Biobank alone. 
Two-hour glucose refers to measured blood glucose levels two hours after consumption of dissolved glucose in a oral 
glucose tolerance test. The threshold of statistical significance was p<0.0033 (0.05/15=0.0033). Error bars refer to the 

95% confidence interval for each estimate. Size of data marker is inversely proportional to variance of estimate. 
Abbreviations: PRS, polygenic risk score; OR, odds ratio; SD, standard deviation; WHRadjBMI, waist-to-hip ratio 

adjusted for body mass index; WHR, waist-to-hip ratio; BMI, body mass index; LDL cholesterol, Low-density lipoprotein 
cholesterol; HDL cholesterol, High-density lipoprotein cholesterol; HbA1c, hemoglobin a1c; eGFR, estimated 

glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; waist, waist circumference; hip, 
hip circumference; beta, beta coefficient. 
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eFigure 2. Association of genetically-elevated waist-to-hip ratio adjusted for body mass 
index (one standard deviation increase) with type 2 diabetes using three instruments. 
Estimates were independently derived in DIAGRAM using inverse variance weighted fixed effects 
meta-analysis and UK Biobank, using instrumental variables regression adjusting for age, sex, ten 
principal components of ancestry and array type. The threshold of significance was p< 0.025 
(0.05/2=0.025). Error bars refer to the 95% confidence interval for each estimate. Size of data 
marker is inversely proportional to variance of estimate. Abbreviations: PRS, polygenic risk score; OR, 
odds ratio; SD, standard deviation; SNPs, single nucleotide polymorphisms; WHRadjBMI, waist-to-
hip ratio adjusted for body mass index; T2D, type 2 diabetes; DIAGRAM, 
DIAbetes Genetics Replication And Meta-analysis. 
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eFigure 3. Association of genetically-elevated waist-to-hip ratio adjusted for body mass 
index (one standard deviation increase) with coronary heart disease using three 
instruments. Estimates were independently derived in CARDIOGRAMplusC4D using inverse 
variance weighted fixed effects meta-analysis and UK Biobank, using instrumental variables 
regression adjusting for age, sex, ten principal components of ancestry and array type. The 
threshold of significance was p< 0.025 (0.05/2=0.025).  Error bars refer to the 95% confidence 
interval for each estimate. Size of data marker is inversely proportional to variance of estimate. 
Abbreviations: PRS, polygenic risk score;  OR, odds ratio; SD, standard deviation; SNPs, single 
nucleotide polymorphisms; WHRadjBMI, waist-to-hip ratio adjusted for body mass index; CHD, 
coronary heart disease; CARDIOGRAMplusC4D, Coronary ARtery DIsease Genome-wide 
Replication and Meta-analysis plus The Coronary Artery Disease Genetics consortium. 
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eFigure 4. Association of genetic waist-to-hip ratio adjusted for body mass index with cardiometabolic traits 
using three instruments, after additional adjustment for body mass index. For systolic blood pressure, a one SD 
genetic increase WHRadjBMI in associated with a 2.8 (95% CI 1.9, 3.6) mm Hg higher systolic blood pressure, or a 
0.14 (CI 0.095, 0.18) standard deviation increase in systolic blood pressure. For anthropometric traits, estimates from 
GIANT were pooled with UK Biobank using inverse variance weighted fixed effects meta-analysis. For lipid, glycaemic 
and renal function traits estimates were only derived from genome-wide association studies (Global Lipids Genetics, 
Meta-analyses of Glucose and Insulin-related Traits and Chronic Kidney Genetics Consortia, respectively). For blood 
pressure, estimates were only derived from UK Biobank. Two hour glucose refers to measured blood glucose levels 
two hour after consumption of dissolved glucose. The threshold of significance was p<0.0033 (0.05/15=0.0033). Error 
bars refer to the 95% confidence interval for each estimate. Size of data marker is inversely proportional to variance of 
estimate.  Abbreviations: PRS, polygenic risk score; OR, odds ratio; SD, standard deviation; WHRadjBMI, waist-to-hip 
ratio adjusted for body mass index; waist-to-hip ratio, WHR; body mass index, BMI; LDL cholesterol, Low-density 
lipoprotein cholesterol; HDL cholesterol, High-density lipoprotein cholesterol; HbA1c, hemoglobin a1c; eGFR, 
estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; waist, waist 
circumference; hip, hip circumference; beta, beta coefficient. 
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eFigure 5. Association of genetically-elevated waist-to-hip ratio adjusted for body mass 
index (one standard deviation increase) with type 2 diabetes using three instruments with 
additional adjustment for body mass index. Estimates were independently derived in 
DIAGRAM using inverse variance weighted regression with adjustment for the association of each 
variant with body mass index and UK Biobank, using instrumental variables regression adjusting 
for age, sex, ten principal components of ancestry, array type and body mass index. The threshold 
of significance was p< 0.025 (0.05/2=0.025). Error bars refer to the 95% confidence interval for 
each estimate. Size of data marker is inversely proportional to variance of estimate.  Abbreviations: 
PRS, polygenic risk score;  OR, odds ratio; SD, standard deviation; SNPs, single nucleotide 
polymorphisms; WHRadjBMI, waist-to-hip ratio adjusted for body mass index; T2D, type 2 
diabetes; DIAGRAM, DIAbetes Genetics Replication And Meta-analysis. 
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eFigure 6. Association of genetically-elevated waist-to-hip ratio adjusted for body mass 
index (one standard deviation increase) with coronary heart disease using three 
instruments with additional adjustment for body mass index. Estimates were independently 
derived in CARDIOGRAMplusC4D using inverse variance weighted fixed effects meta-analysis 
and UK Biobank, using instrumental variables regression adjusting for age, sex, ten principal 
components of ancestry and array type. The threshold of significance was p< 0.025 
(0.05/2=0.025). Error bars refer to the 95% confidence interval for each estimate. Size of data 
marker is inversely proportional to variance of estimate.  Abbreviations: PRS, polygenic risk score; 
OR, odds ratio; SD, standard deviation; SNPs, single nucleotide polymorphisms; WHRadjBMI, 
waist-to-hip ratio adjusted for body mass index; CHD, coronary heart disease; 
CARDIOGRAMplusC4D, Coronary ARtery DIsease Genome-wide Replication and Meta-analysis 
plus The Coronary Artery Disease Genetics consortium. 
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eFigure 7. Association of genetically-elevated waist-to-hip ratio adjusted for body mass 

index (one standard deviation increase) with type 2 diabetes and coronary heart 
disease using weighted median regression.15 Estimates were independently derived in 
genome-wide association studies (CARDIOGRAMplusC4D for coronary heart disease and 
DIAGRAM for type 2 diabetes) using weighted median regression. Individual variant estimates 
in UK Biobank were derived using regression adjusting for age, sex, ten principal components 
of ancestry and array type. The threshold of significance was p< 0.025 (0.05/2=0.025). Error 
bars refer to the 95% confidence interval for each estimate. Size of data marker is inversely 
proportional to variance of estimate. Abbreviations: PRS, polygenic risk score;  OR, odds 
ratio; SD, standard deviation; SNPs, single nucleotide polymorphisms; WHRadjBMI, waist-to-
hip ratio adjusted for body mass index; CHD, coronary heart disease; T2D, type 2 diabetes; 
CARDIOGRAMplusC4D, Coronary ARtery DIsease Genome-wide Replication and Meta-
analysis plus The Coronary Artery Disease Genetics consortium; DIAGRAM, 
DIAbetes Genetics Replication And Meta-analysis. 
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eFigure 8. Per allele association of a sexually dimorphic instrument testing if waist-to-hip 
ratio adjusted for body mass index associates with type 2 diabetes and/or coronary heart 
disease. Estimates were derived only in UK Biobank using instrumental variables regression 
adjusting for age, sex, ten principal components of ancestry and an interaction term between sex 
and the genetic instrument. This interaction term is displayed above for separate models with 
waist-to-hip ratio adjusted for body mass index, type 2 diabetes and coronary heart disease as the 
outcome. The top panel displays the average per allele effect of the 8 SNP polygenic risk score on 
WHRadjBMI in units of standard deviations for men and women separately. As the per allele effect 
is of the polygenic risk score is significant in women, but not in men, the polygenic risk score only 
increases WHRadjBMI in women and not in men. The threshold of significance was p< 0.025 
(0.05/2=0.025). Error bars refer to the 95% confidence interval for each estimate. Size of data 
marker is inversely proportional to variance of estimate. Abbreviations: OR, odds ratio; SD, 
standard deviation; WHRadjBMI, waist-to-hip ratio adjusted for body mass index; CHD, coronary 
heart disease; T2D, type 2 diabetes. 

 

 

 

 

 

 

  

© 2017 American Medical Association. All rights reserved. 



 
eFigure 9. Per allele association of a sexually dimorphic instrument testing if waist-to-hip 
ratio adjusted for body mass index associates with type 2 diabetes and/or coronary heart 
disease. All 21 variants, including those which were associated with elevated waist-to-hip ratio 
adjusted for body mass index in men, were included. Estimates were derived in UK Biobank using 
instrumental variables regression adjusting for age, sex, ten principal components of ancestry and 
an interaction term between sex and the genetic instrument. This interaction term is displayed 
above for separate models with waist-to-hip ratio adjusted for body mass index, type 2 diabetes 
and coronary heart disease as the outcome. The threshold of significance was p< 0.025 
(0.05/2=0.025). Error bars refer to the 95% confidence interval for each estimate. Size of data 
marker is inversely proportional to variance of estimate.  Abbreviations: OR, odds ratio; SD, 
standard deviation; WHRadjBMI, waist-to-hip ratio adjusted for body mass index; CHD, coronary 
heart disease; T2D, type 2 diabetes. 
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eFigure 10. Association of genetic waist-to-hip ratio adjusted for body mass index with 
coronary heart disease, before and after adjustment for the mediating association of 
triglycerides, using the primary 48 SNP polygenic risk score. Estimates were derived from 
both UK Biobank and CARDIOGRAMplusC4D using inverse variance weighted fixed effects meta-
analysis. Error bars refer to the 95% confidence interval for each estimate. Size of data marker is 
inversely proportional to variance of estimate. Abbreviations: OR, odds ratio; SD, standard 
deviation; SNPs, single nucleotide polymorphisms; WHRadjBMI, waist-to-hip ratio adjusted for 
body mass index; CHD, coronary heart disease. 
 

 
 

  

© 2017 American Medical Association. All rights reserved. 



 
eFigure 11. Association of WHRadjBMI with asthma, with estimates of the association of 
variants with asthma derived from the GABRIEL collaboration.25 Estimates were only derived 
from the GABRIEL collaboration (and not from UK Biobank). The threshold for significance was 
p=0.05. Error bars refer to the 95% confidence interval for each estimate. Size of data marker is 
inversely proportional to variance of estimate. Abbreviations: PRS, polygenic risk score; OR, odds 
ratio; SD, standard deviation; SNPs, single nucleotide polymorphisms; WHRadjBMI, waist-to-hip 
ratio adjusted for body mass index; CHD, coronary heart disease. 
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