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Genetic Variation at the Sulfonylurea Receptor,
Type 2 Diabetes, and Coronary Heart Disease
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Despite widespread clinical use in the treatment of type 2
diabetes, the impact of sulfonylurea therapy on cardiovas-
cular outcomes remains uncertain. Studies of naturally oc-
curring genetic variation can be used to anticipate the
expected clinical consequences of a pharmacological ther-
apy. A common missense variant in the gene encoding a
component of the sulfonylurea receptor (ABCCS8 p.A1369S)
promotes closure of the target channel of sulfonylurea
therapy and is associated with increased insulin secre-
tion, thus mimicking the effects of sulfonylurea therapy.
Using individual-level data from 120,286 participants in the
UK Biobank and summary association results from four
large-scale genome-wide association studies, we exam-
ined the impact of this variant on cardiometabolic traits,
type 2 diabetes, and coronary heart disease. The p.A1369S
variant was associated with a significantly lower risk of type
2 diabetes (odds ratio [OR] 0.93; 95% CI 0.91, 0.95; P =
1.2 x 10~ "), The variant was associated with increased
BMI (+0.062 kg/m? 95% Cl 0.037, 0.086; P = 8.1 x 107")
but lower waist-to-hip ratio adjusted for BMI, a marker of
abdominal fat distribution. Furthermore, p.A1369S was
associated with a reduced risk of coronary heart disease
(OR 0.98; 95% C10.96, 0.99; P = 5.9 x 10~%). These results
suggest that, despite a known association with increased
weight, long-term sulfonylurea therapy may reduce the
risk of coronary heart disease.

Sulfonylurea therapy remains a recommended adjunctive
therapy to lifestyle modifications and metformin in the
treatment of type 2 diabetes on the basis of low cost and
efficacy in improving glycemic control (1,2). However, the
impact of sulfonylurea therapy on the risk of coronary heart
disease or other cardiovascular outcomes remains uncertain.

Sulfonylurea initiation has been linked to an increased risk
of cardiovascular events in observational studies, an effect
some have attributed to weight gain (3,4). Importantly, ow-
ing to approval and marketing many years before the U.S.
Food and Drug Administration’s call in 2008 for rigorous
cardiovascular risk assessment of new antidiabetes thera-
pies (5), an adequately powered cardiovascular outcomes
trial was never performed.

In the absence of gold-standard randomized clin-
ical trial data, studies of naturally occurring genetic
variation have emerged as a tool to anticipate clinical
consequences of a therapy. For example, a common variant
near the HMGCR gene, the target of statins, was associ-
ated with decreased LDL cholesterol levels and cardiovas-
cular event risk but an increased risk of type 2 diabetes
(6,7). This finding was borne out in large clinical trials in
which statin therapy led to reduced LDL cholesterol levels
and cardiovascular events but an increase in incident type 2
diabetes (8).

Sulfonylureas promote insulin release from pancreatic
B-cells via binding to a hetero-octameric complex, with four
subunits encoded by the ATP Binding Cassette Subfamily C
Member 8 gene (ABCC8) and four by the Potassium Voltage-
Gated Channel Subfamily J Member 11 (KCNJ11). The A
amino acid allele at p.A1369S in ABCC8 has been associated
with higher risk of type 2 diabetes (9,10); the reciprocal
S amino acid allele consequently lowers risk of type 2 di-
abetes, promotes closure of the ATP-sensitive potassium
channel in vitro (11), and is associated with higher insulin
secretion after a glucose load (10), thus mimicking the ef-
fects of pharmacological sulfonylurea therapy. Here, we aimed
to determine the impact of such genetic variation on cardio-
metabolic traits and risk of coronary heart disease.
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RESEARCH DESIGN AND METHODS

Study Design, Data Sources, and Study Participants

We used individual-level data from 120,286 individuals of
European ancestry from the UK Biobank, a large population-
based cohort (12). We supplemented this individual-level
data with summary-level statistics from four genome-wide
association study (GWAS) consortia examining anthropo-
metric traits, glycemic traits, type 2 diabetes, and coronary
heart disease, all predominantly containing individuals of
European descent.

The ABCC8 p.A1369S variant (rs757110) is inherited
as a haplotype with a p.E23K variant (rs5219) in KCNJ11
(the additional subunit composing the ATP-sensitive potas-
sium channel) with individuals inhering the S allele in
ABCC8 almost always inheriting the E allele in KCNJ11
(** = 0.98 between the two variants in Europeans, and
7> = 1.0 in Africans and East Asians). Because of this coin-
heritance, genetics studies were unable to determine which
of the two variants was causally linked to channel activity
(10). However, subsequent in vitro analyses demonstrated
the S allele of ABCC8 p.A1369S to be the causal variant in
sensitivity to gliclazide and promoting closure of the ATP-
sensitive potassium channel (not p.E23K in KCNJ11) (13).
Therefore, in our primary analysis, we examined the effect
of ABCC8 p.A1369S, a mutation that mimics sulfonylurea
therapy, on type 2 diabetes, coronary heart disease, and
cardiometabolic traits. All traits were plotted in units of
standard deviations to facilitate comparisons among traits
but were displayed in clinical units for interpretation.

Using the UK Biobank cohort, we also examined whether
ABCC8 p.A1369S is associated with other cardiovascular
disease, including stroke, heart failure, and peripheral vascu-
lar disease, as well as a composite of these outcomes and
coronary heart disease. Last, we conducted a phenome-wide
association study for 32 additional diseases in UK Biobank,
including endocrine, renal, urological, gastrointestinal, neuro-
logical, musculoskeletal, respiratory, and neoplastic disorders.

Genotyping and imputation was performed in UK
Biobank as previously described (14). Individual-level genet-
ic data were available from 120,286 individuals in UK Bio-
bank, after excluding one related individual of each related
pair of individuals, individuals whose genetic sex did not
match self-reported sex, and 480 samples with an excess of
missing genotype calls or more heterozygosity than expected.

Of these individuals, 41,397 were genotyped using the
Affymetrix UK Biobank Lung Exome Variant Evaluation
(UK BiLEVE) array, and 78,889 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.

Statistical Analysis

The S amino acid of the ABCC8 p.A1369S variant (corre-
sponding to the “A” DNA sequence allele of rs757110) has
been associated with a lower risk of type 2 diabetes (9,10).
We first sought to independently replicate the association
of this variant with type 2 diabetes in the UK Biobank. After
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replication, we used this variant as an instrument to esti-
mate the effect of genetic inhibition of the sulfonylurea re-
ceptor on cardiometabolic traits and coronary heart disease.

In the UK Biobank, we estimated the association of the
ABCC8 p.A1369S with each outcome using logistic regres-
sion adjusting for age, sex, 10 principal components of
ancestry, and a dummy variable for genotyping array. For
the summary-level data, this approach is equivalent to the
association of the ABCC8 p.A1369S variant with the trait or
outcome of interest.

For our primary outcome, coronary heart disease, a
P value of <0.05 was used to determine statistical signifi-
cance. For our secondary analysis of cardiometabolic traits,
which included eight traits, we set a Bonferroni-adjusted
level of significance of P = 0.05/8 = 0.00625 (though
this may be conservative for some traits, given the higher
prior probability of association in an expected direction).
For our phenome-wide association study of 32 phenotypes,
we set a level of significance of P = 0.05/32 = 0.0016.

Imaging Analysis

Recent evidence suggests that excess abdominal fat in-
creases the risk of coronary heart disease, even after ad-
justment for BMI (15). As pharmacological sulfonylurea
therapy induces weight gain, we sought to examine whether
ABCC8 p.A1369S was associated with abdominal fat, which
may mediate the weight gain associated with pharmacolog-
ical therapy. Of 120,286 participants with genotype data
available in UK Biobank, 1,296 participants underwent
dual energy X-ray absorptiometry (DEXA). Total fat mass
and the ratio of abdominal (android) fat mass to peripheral
(arm and leg) fat mass were estimated using full-body DEXA.
We examined the association of the ABCC8 p.A1369S vari-
ant with these three measurements in this subset of 1,296
UK Biobank participants, after adjustment for age, sex,
10 principal components of ancestry, and a dummy vari-
able for array type.

Analyses were conducted using R version 3.2. All results
are reported relative to the S amino acid allele of ABCC8
p-A1369S (the “A” DNA sequence allele), which promotes
closure of the ATP-sensitive potassium channel (13).

RESULTS

ABCC8 p.A1369S genotype was available in 120,286 partic-
ipants of UK Biobank, including 15,593 (13%) homozy-
gous for the allele encoding A/A, 55,612 (46%) with A/S,
and 49,081 (41%) with S/S. The mean age was 57 years
and 56,936 (47%) participants were men (Supplementary
Table 1).

As in prior published results (9,10), the S allele at ABCC8
p-A1369S was associated with a lower risk of diabetes in UK
Biobank participants (odds ratio [OR] 0.94; 95% CI 0.90,
0.97; P = 0.0015). A meta-analysis of the DIAbetes Genetics
Replication And Meta-analysis (DIAGRAM) and UK Biobank
results showed ABCC8 p.A1369S to be associated with lower
risk of type 2 diabetes at a genome-wide level of significance
(OR 0.93; 95% CI 0.91, 0.95; P = 3.0 X 10~ ™) (Fig. 1).
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Outcome Source

Type 2 Diabetes DIAGRAM + UKBB

Case (n) Control (n) Odds Ratio for S Amino Acid

40,581 221,578
Coronary Heart Disease CARDIOGRAM Exome + UKBB 85,629 228,244
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P value

—E

0.93 [0.91; 0.95] 3.0*107"
0.98 [0.96; 0.99] 5.9*10
1

- =
I |

0.9 1

1.05

Figure 1—Association of ABCC8 p.A1369S with type 2 diabetes and coronary heart disease. For coronary heart disease, estimates were
derived in UK Biobank (UKBB) using logistic regression, adjusted for age, sex, 10 principal components, and array type, and in Coronary ARtery
Disease Genome-wide Replication and Meta-analysis (CARDIOGRAM) Exome Consortium and were pooled using inverse-variance weighted
fixed-effects meta-analysis. For type 2 diabetes, estimates were derived in UK Biobank using logistic regression, adjusted for age, sex,
10 principal components, and array type, and in DIAbetes Genetics Replication And Meta-analysis (DIAGRAM) Consortium and were pooled
using inverse-variance weighted fixed-effects meta-analysis. Data are given as OR [95% CI], unless otherwise stated.

As predicted for a variant that mimics the pharmaco-
logical impact of a sulfonylurea, p.A1369S was associated
with increased fasting insulin and a decrease in 2-h glucose
as assessed via an oral glucose tolerance test (Supplemen-
tary Table 2 and Fig. 2). Although each of these associations
was nominally significant, neither reached the prespeci-
fied Bonferroni-adjusted P value. Beyond glycemic traits,
p-A1369S was associated with increased BMI (+0.062 kg/mZ;
95% CI 0.037, 0.086; P = 8.1 X 10~ ") and hip circumfer-
ence (+0.095 cm; 95% CI 0.045, 0.15; P = 2.3 X 10~ %) but
lower waist-to-hip ratio adjusted for BMI, a marker of ab-
dominal fat distribution (—0.00093; 95% CI —0.0014,
—0.00045; P = 1.6 X 1079 (Fig. 2). p.A1369S was not
associated with unadjusted waist-to-hip ratio (—0.00012;
95% CI —0.00058, 0.00036; P = 0.64).

Individual-level data in the UK Biobank, restricted to
119,913 participants in whom anthropometric data were
available, confirmed an increased BMI among those with
genotypes encoding the A/S or S/S genotypes (P for trend =
0.0075). Despite this increased overall BMI, these geno-
types were associated with decreased central adiposity as
assessed by waist-to-hip ratio adjusted for BMI (P for

trend = 2.2 X 10™%) (Table 1). Direct imaging assessment
of body fat mass using DEXA scanning was available in a
subset of 1,296 participants. The S allele p.A1369S did not
relate to total fat mass but was nominally associated with a
reduced ratio of android (abdominal) to peripheral fat mass,
a direct measurement of abdominal fat distribution (P =
0.039) (Table 1).

Overall, the ABCC8 p.A1369S variant was associated
with a reduced risk of coronary heart disease (OR 0.98;
95% CI 0.96, 0.99; P = 5.9 X 10~ (Fig. 1) and a re-
duced risk of a composite cardiovascular disease pheno-
type (OR 0.97; 95% CI 0.96, 0.99; P 1.0 X 107%
(Fig. 3). Although the associations of p.A1369S with
stroke, heart failure, or peripheral vascular disease did
not reach statistical significance, effects were direction-
ally consistent with protection without evidence for
significant heterogeneity across phenotypes (P heteroge-
neity = 0.74) (Fig. 3). In a phenome-wide association
study in UK Biobank, ABCC8 p.A1369S was not associated
with 32 other diseases, including other endocrine disor-
ders and cancer (Supplementary Fig. 1 and Supplementary
Table 3).

Effect (SD) of S Amino Acid

Trait Source N Effect P value
BMI (kg/m?) GIANT+UK Biobank 436,729 ] 0.062 [0.037, 0.086] 8.07*107
Waist Circumference (cm)  GIANT+UK Biobank 346,934 == 0.083 [0.0095, 0.16] 0.027
Hip Circumference (cm) GIANT+UK Biobank 327,872 -+ 0.095 [0.045, 0.15] 2.3*10*
Waist-to—Hip Ratio adj. BMI GIANT+UK Biobank 324,419 | -0.00093 [-0.0014, -0.00045] 1.6*10~*
Fasting Glucose (mg/dL) MAGIC 133,010 0.033 [-0.024, 0.089] 0.26
Fasting Insulin (log transformed) MAGIC 108,557 —+ 0.0028 [0.00057, 0.0051] 0.014
2-h Glucose MAGIC 42,854 —_— -0.29 [-0.51, -0.075] 0.0084
HbA, (%) MAGIC 46,368 5 -0.00069 [-0.0044, 0.0031] 0.72
T T T T T 1
-0.06 -0.02 0 0.020.040.06

Figure 2—Association of ABCC8 p.A1369S with cardiometabolic traits. Anthropometric traits are derived from inverse-variance weighted fixed-
effects meta-analysis of the Genetic Investigation of ANthropometric Traits (GIANT) Consortium and UK Biobank and the Meta-Analyses of
Glucose and Insulin-related traits Consortium (MAGIC). Data are given as effect [95% CI], unless otherwise stated.
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Table 1—Adjusted measurements of body fat and distribution in participants in UK Biobank by ABCC8 genotype

ABCC8 p.A1369S

A/A (n = 15,538) A/S (n = 55,452) S/S (n = 48,923) P for trend
Participants (n) 15,538 55,452 48,923
BMI (kg/m?) 27.48 27.52 27.58 0.0075
Waist-to-hip ratio 0.8758 0.8753 0.8748 0.073
Waist-to-hip ratio adjusted for BMI 0.8763 0.8755 0.8745 22 x10°*
A/A (n = 185) A/S (n = 618) S/S (n = 483) P for trend
Total fat mass (kg) 26.4 259 26.1 0.83
Ratio of abdominal fat mass to peripheral fat mass 0.252 0.245 0.239 0.039
Ratio of abdominal fat mass to peripheral fat mass
adjusted for BMI 0.250 0.246 0.239 0.031

The S allele inhibits the ATP-dependent potassium channel, mimicking the effects of sulfonylurea therapy. Fat mass was estimated using
full-body DEXA. Estimates of each genotype were derived in UK Biobank, with adjustment for age, sex, 10 principal components, and

array type, and standardization to the mean of these covariates.

DISCUSSION

The ABCC8 p.A1369S missense variant is common in the
population and is known to mimic the pharmacological
impact of sulfonylurea therapy. We confirm and extend
previous observations of a reduced risk of type 2 diabetes
and elevated BMI among individual carriers of the S allele,
consistent with the effects of pharmacological sulfonylurea
therapy (16). Furthermore, we demonstrate that, despite an
increased BMI, carriers of the S amino acid have a more
favorable body fat distribution and are protected from cor-
onary heart disease.

These results permit several conclusions. First, these
results suggest that pharmacological inhibition of the sulfo-
nylurea receptor may reduce the risk of coronary heart
disease and cardiovascular disease more broadly over the
long term. Each copy of the S allele at ABCC8 p.A1369S was
associated with a 6.9% lower risk of type 2 diabetes, a 2.4%
lower risk of coronary heart disease, and a 2.5% lower risk
of cardiovascular disease. This cardioprotective effect was
noted despite an association with increased BMI and may
relate to improved glycemic profile, a more favorable body

fat distribution (15), or other pathways that could not be
characterized in this study. The magnitude of association of
the p.A1369S variant in ABCC8 with coronary heart disease
(OR 0.96 per 10% reduction in risk of diabetes) is similar to
a similar recent report involving a missense variant in the
gene encoding GLPIR (OR 0.95 per 10% reduction in risk of
diabetes) (17). This suggestion of cardioprotection derived
from a genetic study was confirmed in subsequently com-
pleted cardiovascular outcome trials involving the GLP-1
analogs liraglutide and semaglutide (18,19). Although cur-
rently available clinical trial data for sulfonylurea therapy are
underpowered to determine impact on cardiovascular out-
comes (20), we provide evidence that pharmacological sul-
fonylurea therapy may similarly lead to cardiovascular
benefit.

The expected magnitude of cardioprotection afforded by
sulfonylurea therapy can be modeled based on previous
clinical trial data. In the UK Prospective Diabetes Study
(UKPDS) trial, pharmacological sulfonylurea therapy re-
duced the risk of an HbA;, >7% at 3 years by 33% (16).
Standardizing the genetic estimates observed in this study

Odds Ratio per S

Data Source Source Case (n) Control (n) P value
Amino Acid

Coronary Heart Disease CARDIOGRAM Exome + UKBB 85,629 228,244 - 0.98 [0.96; 0.99] 5.9*10*
Stroke UKBB 2,218 118,068 %7 0.97 [0.91;1.03] 0.32
Heart Failure UKBB 639 119,647 0.93 [0.83; 1.04] 0.19
Peripheral Vascular Disease UKBB 752 119,534 0.94 [0.85;1.05] 0.28
Fixed-effects model <> 0.97 [0.96; 0.99] 1.0*10~
Test for heterogeneity: P = 0.7401 .

I * 1

0.85 1 1.05

Figure 3—Association of ABCC8 p.A1369S with cardiovascular disease. For coronary heart disease, estimates were derived in UK Biobank
(UKBB) using logistic regression, adjusted for age, sex, 10 principal components, and array type, and in Coronary ARtery DIsease Genome-wide
Replication and Meta-analysis (CARDIOGRAM) Exome Consortium and were pooled using inverse variance-weighted fixed-effects meta-
analysis. For stroke, heart failure, and peripheral vascular disease, estimates were derived in UK Biobank using logistic regression, adjusted
for age, sex, 10 principal components, and array type. Data are given as OR [95% ClI], unless otherwise stated.
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to a 33% reduction in risk of diabetes, these results would
suggest that pharmacological sulfonylurea therapy would
increase BMI by 0.34 kg/m? but reduce the risk of coronary
heart disease by 13%. The 13% predicted reduction in risk
of coronary heart disease with sulfonylurea therapy is iden-
tical to the 13% reduction in risk of coronary heart disease
observed in a recent trial of liraglutide (18).

A genetic predisposition to decreased risk of type 2
diabetes is known to associate with protection from
coronary heart disease as well (21). In order to determine
whether the magnitude of impact of p.A1369S in ABCC8
with coronary heart disease could be fully explained by its
effect of type 2 diabetes, we compared the observed effect
to that previously noted in a study of 26 type 2 diabetes
genetic variants free of pleiotropy (21). In this study, a 33%
lower risk of diabetes is associated with a 4% lower risk of
coronary heart disease (OR 0.96; 95% CI 0.98, 0.94). By
contrast, for the p.A1369S variant, a 33% lower risk of
diabetes is associated with a 13% lower risk of coronary
heart disease (OR 0.87; 95% CI 0.81, 0.94; P interaction =
0.03). This indicates that degree of risk reduction for the
p-A1369S variant on coronary heart disease exceeds that
which would be predicted based on the average impact of
type 2 diabetes associated variant at other genetic lodi.

Second, these results highlight the potential importance
of examining body fat distribution in addition to BMI as
measurements of adiposity. As expected based on clinical
experience with pharmacological sulfonylurea therapy (4),
the ABCC8 p.A1369S variant was associated with increased
BMI. However, estimates based both on anthropometric
assessment and direct quantification using DEXA imaging
suggest that the variant is associated with reduced abdom-
inal adiposity. Although the impact on improved body fat
distribution was modest, it may account for a portion of the
reduced risk of coronary heart disease. Furthermore, these
genetic results suggest that therapies that increase BMI
may not increase coronary heart disease risk if weight
gain is mediated by fat accumulation in peripheral tissues
(22).

This study has several limitations. First, these results
are based on the lifelong impact of a constitutive genetic
variant within the sulfonylurea receptor. However, phar-
macological therapy with sulfonylurea is initiated later in
life and leads to more dramatic inhibition of the ATP-
sensitive potassium channel and upregulation of insulin
secretion. As such, our genetic modeling approach may not
have fully captured adverse on-target effects of sulfonylurea
therapy, such as hypoglycemia, or other off-target effects.
Second, our estimates of the association of the ABCC8
p-A1369S variant with cardiometabolic traits and coronary
heart disease were derived in the general population; the
association of the ABCC8 p.A1369S variant with traits and
coronary heart disease among individuals with type 2 dia-
betes (in whom pharmacological sulfonylurea therapy is
currently implemented) may differ. Third, the assocdations
of ABCC8 p.A1369S with stroke, peripheral vascular dis-
ease, and heart failure remained underpowered to detect

Diabetes Volume 66, August 2017

statistically significant associations. Finally, the majority
of participants in the UK Biobank and included GWAS con-
sortia were of European ancestry; future analyses will seek
to validate these observations in other ethnicities as genetic
data becomes available.

In conclusion, genetic variation mimicking the impact of
sulfonylurea therapy is associated with reduced risk of both
type 2 diabetes and coronary heart disease.
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