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Abstract

Background—The mechanisms underlying the association between diabetes and coronary artery
disease (CAD) risk are unclear. We aimed to assess this association by studying genetic variants
that have been shown to associate with type 2 diabetes (T2DM). If the association between
diabetes and CAD is causal, we expected to observe an association of these variants with CAD as
well.

Methods and Results—We studied all genetic variants currently known to be associated with
T2DM at a genome-wide significant level (p<5*1078) in CARDIoOGRAM, a genome-wide data-set
of CAD including 22,233 CAD cases and 64,762 controls. Out of the 44 published T2DM SNPs
10 were significantly associated with CAD in CARDIOGRAM (OR>1, p<0.05), more than
expected by chance (p=5.0*107°). Considering all 44 SNPs, the average CAD risk observed per
individual T2DM risk allele was 1.0076 (95% confidence interval (Cl), 0.9973-1.0180). Such
average risk increase was significantly lower than the increase expected based on i) the published
effects of the SNPs on T2DM risk and ii) the effect of T2DM on CAD risk as observed in the
Framingham Heart Study, which suggested a risk of 1.067 per allele (p=7.2*10710 vs. the
observed effect). Studying two risk scores based on risk alleles of the diabetes SNPs, one score
using individual level data in 9856 subjects, and the second score on average effects of reported
beta-coefficients from the entire CARDIOGRAM data-set, we again observed a significant - yet
smaller than expected - association with CAD.

Conclusions—Our data indicate that an association between type 2 diabetes related SNPs and
CAD exists. However, the effects on CAD risk appear to be by far lower than what would be
expected based on the effects of risk alleles on T2DM and the effect of T2DM on CAD in the
epidemiological setting.

Keywords
genome-wide association; cardiovascular disease; coronary artery disease; SNP; type-2 diabetes

Introduction

Type 2 diabetes mellitus (T2DM) and coronary artery disease (CAD) are strongly associated
conditions.(1) As a consequence, guidelines suggest that all patients with T2DM should be
screened for CAD and, vice versa, all patients with CAD should be screened for T2DM.(2)
Although diabetics carry a 2- and 3-fold higher probability to present with incident CAD
(2;3) there is an ongoing debate whether T2DM is a causal factor. Interestingly, prevalent
CAD also associated with an increased probability of incident T2DM.(4) This may be
explained by the fact that even impaired glucose tolerance, or prediabetes, increases the risk
of CAD resulting in clinically evident coronary events even before T2DM can be diagnosed.
(5) However, the variable order in which the two diseases manifest raises doubt whether the
association between T2DM and CAD is confounded rather than causal. Indeed,
hypothetically T2DM and CAD could both be precipitated in parallel by common preceding
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factors such as a sedentary life style, an inadequate diet, obesity or others.(6) Observational
studies, whether cross-sectional or longitudinal, are not able to fully exclude these and other
confounders in the complex etiology of both T2DM and CAD.(7) Here we utilized genetic
information to further study the commonly held view that the observed association between
T2DM and CAD is due to a causal relationship.

Specifically, we tested if single nucleotide polymorphisms (SNPs) that affect T2DM risk
also associate with the risk of an individual developing CAD. Such risk increase, if present,
would be expected to be independent of exogenous environmental factors, since these
confounders are expected to be distributed evenly in the respective genotype groups.(8)
Thus, if T2DM SNPs were also found to be associated with increased CAD risk, this
analysis based on genetic information would support the evidence of T2DM as a causal risk
factor for CAD.

A series of large-scale genomewide association studies (GWAS) have reported that 44 SNPs
are associated with T2DM in Caucasians with a genomewide level of significance
(p<5x1078).(9-16) In the present analysis, we assessed whether the respective T2DM
associated risk alleles also associate with an increased risk for CAD. We used data from the
CARDIoGRAM Consortium, which has meta-analyzed genomewide data from 14 studies,
including 22,233 cases with CAD and 64,762 controls.(17;18) We compared the quantitative
effects of T2DM SNPs on CAD risk as observed in CARDIoGRAM with those that could be
expected based on the reported effects of these SNPs on diabetes risk (in the published
literature) and the effect of diabetes on CAD risk in the Framingham Heart Study.

SNP selection

We systematically searched the literature including NHGRI GWAS Catalog (http://
www.genome.gov/gwastudies/; access date: 09/15/2012) for SNPs with genomewide
significant (p<5*1078) associations with T2DM in Caucasians by using the terms
“genomewide, GWAS, type 2 diabetes”(9-16). For loci reported to be associated with
T2DM, we searched for the respective SNPs in the CARDIOGRAM database.

If the SNPs did not pass quality control in CARDIoOGRAM we identified proxy-SNPs using
the SNAP (SNP Annotation and Proxy Search)-tool by searching with a r2-threshold of 0.8
and a distance limit of 500 BPs.(19) The identified proxy-SNPs were then tested for
association with CAD in CARDIOGRAM.

Study samples

CARDIoGRAM consortium—Details about the CARDIoOGRAM Consortium have been
reported elsewhere.(18) In brief, this consortium combined genomewide association data on
CAD from several studies and consortia: CHARGE (Cohorts for Heart and Aging Research
in Genomic Epidemiology)(20); CADomics (18); ADVANCE (Atherosclerotic Disease
VAscular functioN and genetiC Epidemiology study) (21); deCODE CAD study (22);
LURIC (Ludwigshafen Risk and Cardiovascular Health Study) (23)/AtheroRemo 1 and 2;
MIGen (Myocardial Infarction Genetics Consortium) (24); MedStar (25); Ottawa Heart
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Genomics Study (OHGS) (26); PennCATH (25); the Wellcome Trust Case Control
Consortium (WTCCC) (27;28); and the German Myocardial Infarction Family Studies
(GerMIFS) I, 11, and 111 (KORA).(28-30) A detailed description of probands (Cases/
Controls) in the participating studies is presented in the supplementary data (Supplementary
table 1).

German Ml Family Study (GerMIFS) | and Il and WTCCC—Individual level data
from the German MI Family Studies (GerMIFS) I and 1l and from WTCCC (28-30), which
both participated in the CARDIoOGRAM Consortium, were used to generate a genetic risk
score as detailed below. All CAD cases were characterized by i) premature myocardial
infarction (before the age of 60 years) and ii) >1 first-degree relative with an MI/CAD
before the age of 70 years (in most cases a sibling) within in the GerMIFS I and Il. CAD
was defined as having documented coronary bypass surgery or percutaneous coronary
intervention (PCI).(27-31) All patients recruited, were also characterized as having survived
with CAD for long enough to be diagnosed, recruited and studied. CAD within the WTCCC
study was defined as having a validated myocardial infarction, a history of PCI, coronary
bypass surgery or angina with a positive noninvasive testing before the age of 66.
Conversely, the control group was defined as having no known CAD up to the age at which
they were recruited and studied.

Framingham Heart Study—The Framingham Study is a large prospective cohort study
of the determinants of cardiovascular disease, that includes several thousand participants,
from three generations.(32-34) Pooled data from the Original Cohort and from the Offspring
Cohort were used to quantify the magnitude of the association between type 2 diabetes and
CAD (n=7872), as detailed below (see Expected effects of type 2 diabetes-SNPs on CAD).

Statistical methods

Observed association of SNPs and CAD in CARDIOGRAM—The statistical
analysis plan for the meta-analyses of the CARDIOGRAM Consortium has been described
elsewhere in detail.(18) Within each participating cohort, the associations between SNPs and
CAD were tested using a logistic regression model, adjusting for age, sex and potential
population stratification and assuming an additive genetic model. Based on the cohort-
specific effect estimates and their standard errors, a meta-analysis was performed, using
random effects or fixed effects models, as appropriate. Observed associations between
T2DM-SNPs and CAD were expressed as odds ratios (ORs) and their 95% Wald confidence
intervals (CI).

We assessed whether T2DM risk alleles displayed a positive association with CAD (OR>1)
and determined the nominal significance of this effect. The risk allele (whether minor or
major) was defined as the allele that was previously associated with a higher incidence or
prevalence of T2DM.(9-16) Associations that were judged to have study-wide statistical
significance for CAD, were identified after Bonferroni adjustment for multiple testing.

SNPs previously associated with a risk factor other than T2DM (e.g. lipid traits,
hypertension) were considered as pleiotropic SNPs. We excluded 2 SNPs at KLF14
(rs972283) and GCKR (rs780094) from further analysis because the expected association
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with CAD presumed to be mediated via diabetes was smaller or similar to that which might
be attributable to mediation via another risk factor (HDL cholesterol, please see below).
Such assessment was based on the “expected” effects of diabetes risk (see below) and the
respective risk conferred by the other risk factor. Specifically, if the SNP associated effect
size on CAD risk for the non-DM risk factor was larger than 50% of the effect size
hypothetically associated via diabetes, that SNP was excluded (n=2 SNPs). In order to adjust
for a small remaining effect of a SNP on another trait (with a hypothetical effect size on
CAD smaller than 50% of that hypothetically mediated via diabetes), we subtracted from the
effect observed for that SNP on CAD risk an effect that potentially could have been caused
by the other risk trait (n=3 SNPs). An example is given in the supplement. This calculation
implies that respective risk traits (e.g. lipids) and diabetes affect CAD risk in an independent
fashion. SNPs being not in strong linkage disequilibrium (r2 < 0.2) were treated as
independent signals for each of the traits.

Also, we added calculations without any exclusions of pleiotropic SNPs nor any adjustments
for other risk factors (see below).

We also studied the proportion of SNPs, which were positively (OR>1) associated with
CAD. Based on the null hypothesis of no shared association with CAD it is expected that
this number would be approximately 50% (i.e. the proportion of risk alleles with an OR>1
purely by chance). This hypothesis was tested using an exact binomial test.

Weighted risk score—Based on individual-level data from 4,030 CAD cases and 5,826
controls of the German MI Family studies | and Il and WTCCC CAD consortium (27-30), a
weighted risk score was calculated as follows: for each subject, the number of risk alleles of
each SNP was counted (range 0-2), and then multiplied with its effect on expected CAD
risk (see below for calculation of expected CAD effects). This product (number of risk
alleles x expected betagnp—.cap) Was summed over all SNPs within each participant.
Individual missing genotypes were imputed by the most frequent genotype at the respective
SNP. We compared the empirical distributions of the genetic risk scores in cases, as
compared to controls, and quantified the strength of association by deriving odds ratios for
each quintile of the risk score, using the bottom quintile as the reference. To clarify if a
linear trend of increasing odds ratios from the bottom to the top quintile can be observed, we
performed a Cochran-Armitage test of trend.

The German MI Family studies | and Il and the WTCCC CAD consortium offer a
comprehensive opportunity to study the association between T2DM associated SNPs and
CAD based on individual-level data with respect to other circumventing traditional risk
factors like HDL- and LDL cholesterol or high blood pressure (please see below). Another
eligibility criterium for the selected studies is the statistical power of the available datasets:
4,030 CAD cases and 5,826 controls allow detecting even small effects of SNPs on disease
manifestations.

A second risk score analysis summarized data of the respective SNPs in the broader
CARDIoGRAM combined cohorts. Specifically, the risk score was weighted using the
average effects (reported betas) for the SNPs. These aggregate effects were derived from a
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study of 22,233 cases and 64,762 controls. Details of such risk score calculation are
described in the supplementary data and have been reported previously.(35)

Expected effects of type 2 diabetes-SNPs on CAD—For each T2DM SNP we
estimated the quantitative effect that it might have on the risk of CAD as mediated via the
associated effect on diabetes. The “expected” diabetes-mediated effect of each T2DM-SNP
on CAD was calculated based on 1) the mean effect sizes estimated for each SNP associated
with T2DM, as previously described in the literature (9-16) and 2) the mean effect size of a
prior diagnosis of T2DM on the future risk of CAD in the Framingham Heart Study.
Whenever T2DM SNPs have been reported in more than one paper, we took the effect
estimate from the largest (meta-) analysis. The effect of T2DM on the odds of CAD was
assessed in 7,872 Framingham participants (mean age 47 year, 52% women) over a 10-year
time period using a logistic regression model that adjusted for age and sex. In the
Framingham Heart Study CAD was defined as one of the following conditions; Ml,
coronary insufficiency, angina, or coronary death before age 75, consistent with previous
publications.(36)

Comparison of observed and expected SNP-effects on CAD—We aimed to
compare the observed effects on CAD in CARDIoGRAM to the calculated effects based on
1) the reported SNP effects on T2DM and 1) the effects of T2DM on CAD derived from the
Framingham Heart Study. Furthermore, we calculated the average observed and estimated
effects of T2DM risk alleles on CAD across all SNPs. We tested the null hypothesis that the
average observed effect of T2DM-SNPs on CAD was associated with an odds ratio greater
than 1.0 using paired t-tests.

Proportion of T2DM in CARDIOGRAM

For assessment of the proportion of T2DM cases in CARDIOGRAM, individual data from
8,093 CAD cases and 9,951 controls were available within the respective cohorts (17;18).
We found 1,544 (19.1%) CAD cases and 789 controls (7.9%) to be affected by T2DM
(p<0.05). Most risk alleles previously identified for T2DM displayed a higher prevalence in
the T2DM patients studied in CARDIOGRAM as compared to CAD patients/controls
without T2DM (Supplementary Table 2).

Individual SNP analysis

From the literature, we identified 48 SNPs associated with T2DM at a genomewide
significant level (p<5*1078). Two SNPs (rs4457053 (ZBED3), rs5945326 (DUSP9)) were
excluded because of poor genotyping quality in CARDIOGRAM and no proxy SNP in
linkage disequilibrium (r2>0.8 within 500 bp). Further two SNPs, KLF14 (rs972283) and
GCKR (rs780094), have shown prominent effect sizes on both T2DM and lipid traits. Since
we were not able to relate the risk of CAD conferred by these two SNPs to the two
intermediate phenotypes, i.e. diabetes and HDL, we excluded both from further analysis in
the main paper. An analysis including these SNPs gave similar results and is shown in the
supplement. Thus, in the main paper 44 T2DM-SNPs were tested for association with CAD.
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Out of these, 3 SNPs (MC4R (rs12970134), CILP2 (rs10401969) and LOC64673/IRS
(rs2943651)) have been reported to associate weakly with other CAD risk factors (e.g. HDL,
LDL). We adjusted for these reported effects on the second risk factor other than diabetes
following the criteria given in the method section.

Ten out of 44 tested T2DM SNPs were nominally significantly (p<0.05) associated with an
increase of CAD in CARDIoGRAM (Figure 1). This proportion is much higher than
expected based on an alpha level of 0.05 (10 of 44 = 23%, p=5.0*107°). Only one SNP at
the LOC64673/IRS1 was associated with CAD with study-wide statistical significance as
determined by adjusting for multiple testing (p=3.4*107°, the Bonferroni adjusted p value
threshold was 0.0011. Overall, 29 out of 44 SNPs displayed odds ratios for CAD greater
than 1, a proportion (65.9%) that is higher than would be expected only by chance
(p=0.024).

The average increase of CAD risk per T2DM risk allele was 1.0076 (95% confidence
interval (Cl), 0.9973-1.018). When we grouped the SNPs according to the
pathophysiological mechanisms that are thought to lead to T2DM (Figure 1), we observed
no evidence that any of these interacted with the association with CAD.

We carried out two sensitivity analyses. Firstly exclusion of all SNPs with the potential of
secondary effects by risk factors other than diabetes (Supplementary Figure 1 and 2) and
secondly, adjustment for all SNPs including the two that we had excluded for profound
effects on other risk factors (Supplementary Figure 3 and 4). As the results were not
markedly altered by these measures we felt that the principle conclusions are not affected by
known pleiotropy of diabetes SNPs.

Comparison of the expected and observed risk

Risk score

In the Framingham Heart Study, a prior diagnosis of T2DM conferred 80% increased odds
of developing overt CAD over 10 years of assessment, as compared to individuals that were
initially free of a diagnosis of T2DM at study baseline.(37)

On average, the SNPs studied here were previously reported to be associated with an
increase in the risk of T2DM of 11.7% per risk allele (9-16). Based on i) this mean effect of
a SNP on T2DM risk (9-16) and ii) the effect of T2DM on CAD (as determined in the
Framingham Heart Study (37)), we assessed the ‘expected’ effect size on CAD for each
T2DM-SNP. Such expected effect on CAD was calculated to be, on average, 1.067 per risk
allele, which significantly contrasted with the effect that was observed in CARDIOGRAM
(1.0076) (Figure 2). Thus, the mean observed effect of SNPs on CAD risk was significantly
smaller than the mean expected effect on CAD risk (p=7.16*10710),

In the German MI Family Studies | & Il and the WTCCC study, we assessed the aggregate
effect of T2DM-SNPs on CAD risk by calculating a weighted genetic risk score for each
individual.
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Compared to individuals with the lowest weight of risk alleles (i.e. lowest quintile of the risk
score distribution), those in the highest quintile had 11% (95% CI, —2—-26%) higher odds for
CAD (Figure 3). Furthermore, the Cochran-Armitage trend test indicates a linear increase in
risk from bottom to top quintile (p=0.04).

Moreover, we correlated the diabetes SNP score with other CAD risk factors
(Supplementary Table 3) in the KORA study.(31) As a positive control, we observed a
highly significant association of this score with incident diabetes. However, we found no
association between the genetic diabetes risk score and other traditional risk factors like
HDL cholesterol, LDL cholesterol, triglycerides, smoking and arterial hypertension. The
diabetes SNP score was also significantly associated with BMI > 30, reflecting the close
interrelation between diabetes and obesity, which has been underlined by a recent meta-
analysis where BMI associated SNPs have been also found to increase the risk of type 2
diabetes.(4) In addition to these cross-sectional analyses, we prospectively related the
diabetes SNP score to incident CAD (91 events) during 13.8 years of follow-up in 3064
individuals of the KORA study. Each 1-SD increment in the score was associated with a
17.9% increased hazards for CAD, which is similar to the association of the diabetes SNP-
score and CAD risk in the CARDIOGRAM GWAS analysis. However, the association in the
much smaller KORA study failed to reach statistical significance (Supplementary Table 4).

We performed a second risk score analysis based on summary statistic data from
CARDIoGRAM. The respective associations with CAD in this much larger data sample
showed a significant association with CAD: the p-value for this second risk score was
5.8*107° (OR 1.083, 95% CI, 1.042-1.126) per 1-SD increase in the genetic risk score. In
order to display the results of this score we grouped the SNPs into quintiles according to
their individual T2DM risk. We plotted these groups against the effects on CAD risk and
observed the strongest effect on CAD risk in the group representing SNPs with an
intermediate risk for T2DM (Supplementary Figure 5). In this analysis we had no clear
indication of a correlation between CAD risk and the number and effect sizes of diabetes
SNPs.

Discussion

Studying more than 80,000 individuals we observed that several SNPs known to associate
with T2DM also increase the risk for CAD by a small margin. Indeed, of the 44 T2DM risk
alleles tested about 2/3 displayed an OR for CAD>1, and 10 SNPs displayed association
with CAD at a nominal significance level of 5%. Accordingly, individuals being in the top
quintile of a genetic risk score based on individual number and weight of T2DM risk alleles
had a slightly higher risk for CAD as compared to individuals in the bottom quintile of this
score. In contrast, we found no convincing correlation between the number and weight of
T2DM risk alleles and CAD risk in calculations based on summary statistic from the
CARDIoGRAM consortium. Moreover, the average increase of CAD risk of diabetes risk
alleles was by far smaller than expected. Thus, while T2DM SNPs appear to have some
impact on CAD risk in general, we found no clear proportional risk increase depending on
the published effects sizes on T2DM associated with these SNPs.
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In contrast to observational studies on the association between T2DM and CAD risk or
randomised, controlled interventional trials, which might also sufficiently address causality,
our analysis is not based on blood glucose levels or other measures to diagnose T2DM,;
rather we used risk alleles that have been previously shown to increase the risk of diabetes
manifestation as surrogates. The genomewide data set of CARDIOGRAM allowed us to
include almost all SNPs previously identified to affect T2DM with genome-wide
significance. Thereby, we were able to include nearly the full genetic information currently
available for T2DM in this analysis on CAD risk. In this respect, our data extend previous
molecular-genetic studies that tested association of T2DM SNPs with CAD.(10;38)

Vice versa, only a small fraction of genetic variants associated with CAD in GWAS showed
a relation to traditional risk factors and none of the CAD-SNPs were associated with
glycemic traits.(17;39;40)

A caveat of our approach is that the T2DM SNPs affect blood glucose levels and thus the
risk of T2DM by different functional mechanisms. Thus, these SNPs may also affect a
number of other (intermediate) phenotypes. We therefore grouped the T2DM-SNPs
according to their putative pathways leading to T2DM (e.g. reduced beta-cell mass, beta-cell
dysfunction, others).(38;41) However, we found a similar proportion of SNPs associated
with CAD in each of these subgroups. This finding substantiates the notion that SNPs
irrespective of the mechanisms affecting T2DM risk are responsible for the observed
association with CAD and thus diabetes by itself can be considered causative. We also
excluded 2 SNPs with known profound effects on other risk factors and conducted two
further analyses (please see supplementary data) with and without SNPs with the potential of
pleiotropic effects and found consistent results. Nevertheless, we cannot definitively rule out
that residual pleiotropic effects have influenced our findings.

A limitation of our study is that the CARDIoOGRAM database does not allow testing within a
single sample whether the diabetes risk alleles are indeed associated with a higher
prevalence of T2DM and therefore a higher risk of CAD in these patients. However, such
prospectively studied cohort must involve > 100.000 subjects studied for 10-20 years,
given the incidence of diabetes and CAD and the SNPs currently known to affect disease
risk. Also, type 2 diabetes might be underdiagnosed within our control group since the
diagnosis of diabetes is often challenging and diabetes can be subclinical for a long time
before presenting as a clinical burden. The genetic information employed in our study comes
from large-scale meta-analyses of genomewide association studies for diabetes and CAD
involving each more than 80,000 subjects. Despite a few limitations, these datasets are
highly reliable in terms of associations between SNPs and disease (either diabetes or CAD).
Furthermore, the evidence pointing at diabetes as a risk factor for CAD has been derived
from the Framingham Heart Study, which displays probably one of the best characterized
epidemiological studies. In addition, several other epidemiological studies assessed
comparable risk estimates for the association of T2DM and CAD.(42-45) Based on this
quality of data, we felt that the CARDIOGRAM dataset provides an adequate genotypic and
phenotypic tool (with respect to coronary disease) to investigate the association between
diabetes associated SNPs and CAD even if information about incident disease manifestation
and control of diabetes is not available to us in this specific GWAS meta-analysis. Hence, an
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additional analysis (e.g. after exclusion of all patients with known diabetes) was not possible
to run.

Interestingly, the effects on CAD risk that we observed for T2DM SNPs were smaller than
expected given i) their increase in the probability to develop T2DM and ii) the subsequent
risk of persons with T2DM to develop CAD as observed in the Framingham study. This is in
contrast to SNPs primarily shown to associate with LDL cholesterol or blood pressure,
which associated with CAD risk even more strongly than what was expected given their
effects on respective risk factors (Supplementary Figure 6).(46;47) There are several
possible explanations for this observation. First, epidemiological studies may in fact
overestimate the effect of T2DM on CAD risk. In other words, insufficient adjustment of
confounders, e.g. dietary and lifestyle factors that contribute to the manifestation of both
diseases, may inflate the association observed between diabetes and CAD in observational
studies. This point is emphasized by recent findings from clinical trials which disappointed
in that aggressive blood glucose lowering failed to further decrease coronary events.(48)
Second, the effect sizes of T2DM SNPs regarding the chance to develop T2DM may be in
fact smaller than reported. Such overestimation (winners curse) has been found for a number
of molecular-genetic associations discovered by GWAS.(49) It may also result in an
overestimation of the expected effect of the diabetes SNP score on CAD risk in our
mendelian randomisation approach, albeit similar studies on LDL cholesterol, triglycerides
or blood pressure revealed that the observed effects were even larger than the expected
effects of the SNPs on CAD risk. (Supplementary Figure 6). Hence, the effects estimated
based on GWAS data might differ from those being observed in the general population.

Third, the consecutive timing of developing T2DM and CAD was not captured in our
investigation on a large group of CAD patients, which was somewhat selected for early
onset of the disease. Specifically, as compared to other quantitative risk factors, e.g.
genetically mediated high blood pressure or LDL-cholesterol levels, T2DM often manifests
in the late adulthood and only then starts to affect the risk of CAD. Such patients may be
underrepresented in CARDIoOGRAM. Fourth, several other factors, e.g. medication and life
style changes may reduce the risk of cardiovascular events once the diagnosis of diabetes is
made. Finally, it is possible that some of the T2DM SNPs display pleiotropic effects on
other confounding factors and thereby reducing CAD risk. An example for this phenomenon
is the CILP2 SNP, which increases the risk of T2DM but appears to decrease the risk of
CAD. However, it is not conceivable that almost all SNPs display such beneficial effects on
CAD risk in parallel to increasing T2DM susceptibility. Despite all these limitations it is
remarkably that T2DM SNPs, i.e. the genetically mediated diabetes risk, conferred a much
smaller increase in CAD risk than expected from observational epidemiological studies. It is
conceivable that such mendelian randomization like approach is also suitable for other
complex phenotypes (e.g. like inflammatory diseases) to elucidate the nature of association.
Taken together our data suggest a moderate association of T2DM SNPs with CAD
consistent with T2DM being a weak but causal risk factor for CAD. The finding that the risk
increase mediated by the SNPs was much smaller than expected from epidemiological data
on the risk factor diabetes mellitus is in line with the notion that both T2DM and CAD may
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be precipitated in parallel by yet unknown confounding risk factors. Finally, our findings
add to the complex genetic foundation of CAD risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Boxes represent the odds ratios (ORs) and whiskers 95% confidence intervals. Size of boxes
proportional to inverse variance of ORs.
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Figure2.
Plot displaying the expected and observed effect sizes for the association of T2DM

associated SNPs with CAD. The expected effects were calculated from the effects of SNPs
on T2DM (in GWAS analysis) and the impact of T2DM on CAD risk (in the Framingham
Heart Study). The observed effect was taken from the CARDIOGRAM meta-analysis on
CAD GWAS studies.

On top of the line chart the p-value for the difference between the expected and observed
effects in CARDIOGRAM is shown.

On the right the p-value of the ORs of T2DM SNPs in the CARDIOGRAM sample is shown.
After removal of SNPs with potential pleiotropic effects the respective p value observed in
CARDIOGRAM was 0.001 (as shown in Supplementary Figure 2).

Atherosclerosis. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Jansen et al.

Page 17

T2D
.2
O - |
©
a cas
- TE FURRUIN F—  TRRIENEN —
- [}
& = il
Q | e
o T T T T T
1 2 3 4 5
Quintiles

Figure 3.
Association of a weighted genetic risk score with CAD (based on individual-level data of

the German MI Family studies I and 1l and WTCCC CAD consortium). Odds ratios for the
association with CAD risk for individuals divided into quintiles (1.-5.) by their individual
weight of type 2 diabetes risk alleles, using the 15t quintile as a reference. The Cochran-
Armitage trend test indicates a linear increase in risk from bottom to top quintile (p=0.04).
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