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There is a limited understanding of how genetic loci associ-
ated with glycemic traits and type 2 diabetes (T2D) influence
the response to antidiabetic medications. Polygenic scores
provide increasing power to detect patterns of disease pre-
disposition thatmight benefit froma targeted pharmacologic
intervention. In the Study to Understand the Genetics of the
Acute Response to Metformin and Glipizide in Humans
(SUGAR-MGH), we constructed weighted polygenic scores
using known genome-wide significant associations for T2D,
fasting glucose, and fasting insulin, comprising 65, 43, and
13 single nucleotide polymorphisms, respectively. Multiple
linear regression tested for associations between scores and
glycemic traits as well as pharmacodynamic end points,
adjusting for age, sex, race, andBMI.Ahigher T2Dscorewas
nominally associated with a shorter time to insulin peak,
greater glucose area over the curve, shorter time to glucose
trough, and steeper slope to glucose trough after glipizide. In
replication, a higher T2Dscorewasassociatedwith a greater
1-year hemoglobin A1c reduction to sulfonylureas in the
GeneticsofDiabetesAudit andResearch inTaysideScotland
(GoDARTS) study (P 5 0.02). Our findings suggest that
individuals with a higher genetic burden for T2D experience
a greater acute and sustained response to sulfonylureas.

Metformin and sulfonylureas are widely prescribed med-
ications for the treatment of type 2 diabetes (T2D).Metformin

is the recommended first-line agent for T2D, owing to its
high efficacy, low cost, and favorable side effect profile (1).
Sulfonylureas are another commonly used agent due to
their wide availability and glucose-lowering ability through
stimulation of insulin secretion from pancreatic b-cells (2).
Despite the recommendation that careful consideration of
patient factors should inform the choice of therapy (3),
clinicians typically do not account for the molecular target
of each drug or integrate information about an individual’s
genetic profile when prescribing a medication.

In the last decade, large-scale genome-wide association
studies (GWAS) and high-throughput sequencing studies
have identified .700 genetic signals influencing T2D risk
and glycemic traits (4–10). The expanding list of genetic
variants has resulted in a better understanding of the
disease pathophysiology of T2D and the major processes
that contribute to disease risk. However, the impact of
these genetic loci on the response to pharmacological
interventions for T2D has been less systematically studied.

With regards to metformin response, candidate gene
studies have yielded initial findings in transporter gene
variants (SLC22A1 and SLC47A1), but findings were not
validated in subsequent large-scale meta-analyses (11).
GWAS and meta-analyses have revealed additional loci,
including single nucleotide polymorphisms (SNPs) in or
near the gene encoding ataxia-telangiectasia mutated
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kinase (ATM) (12) and in an intron SNP of the GLUT2
(SLC2A2) (13). Pharmacogenetic studies of sulfonylurea
response have been limited to candidate gene studies, and
no GWAS for sulfonylurea response has been published to
date (14–17).

The impact of T2D-associated genetic variants on drug
response has been investigated as well. In particular,
TCF7L2, the gene harboring common genetic variants with
the largest effect on T2D susceptibility discovered to date,
has been associated with drug response to sulfonylureas in
those with established T2D (18) and in those at risk for
T2D (19). For metformin, TCF7L2 has been associated
with glycemic response in the early stages of disease
(19,20). Because individual variants only have a modest
effect, the field is now embracing the use of polygenic
scores of aggregated variants, which offer increasing power
and capture a greater proportion of the variance explaining
a given trait (21).

As such, we examined whether polygenic scores derived
from genome-wide significant loci for glycemic traits and
T2D are associated with glycemic traits and the response
to metformin and glipizide in the Study to Understand
the Genetics of the Acute Response to Metformin and
Glipizide in Humans (SUGAR-MGH). We hypothesized that
polygenic scores constructed based on previously known
genome-wide associations with fasting glucose (FG) and
fasting insulin (FI) would be associated with these glycemic
traits in SUGAR-MGH. Furthermore, we expected that
a genetic predisposition to insulin secretion or action
would influence the human response to glipizide or met-
formin, respectively. For findings that reached significance,
we sought replication in the Genetics of Diabetes Audit and
Research in Tayside Scotland (GoDARTS) study, a longitu-
dinal cohort study of T2D.

RESEARCH DESIGN AND METHODS

Study Design and Participants
The study design of SUGAR-MGH has been previously
described (22). Briefly, 1,000 participants were enrolled
at three Boston academic medical centers between
2008 and 2015. Participants were preferentially enrolled
in the study if they had risk factors for T2D (i.e.,
metabolic syndrome, obesity, polycystic ovarian syn-
drome, history of gestational diabetes, or positive family
history) or lifestyle-controlled T2D. Some participants
had previously unknown T2D, diagnosed at the time of
study entry. All participants were naive to metformin and
glipizide. Informed consent was obtained from all study
participants, and the study protocol was approved by the
Partners Human Research Committee (Partners Health-
Care, Boston, MA).

After an overnight fast of at least 8 h, participants
received a single dose of 5 mg glipizide if their fasting
blood glucose was .4.4 mmol/L (visit 1). This threshold
was chosen to minimize the risk of hypoglycemia. Glucose
and insulin levels were subsequently measured at baseline,

30, 60, 90, 120, 180, and 240 min. The period of obser-
vation following glipizide administration was terminated
early if the participant developed neuroglycopenic symp-
toms, a blood glucose #2.77 mmol/L with symptoms of
hypoglycemia, blood glucose ,2.50 mmol/L with or with-
out symptoms of hypoglycemia, or at the discretion of
study staff based on clinical assessment. Subjects who did
not meet the threshold to receive glipizide or terminated
the glipizide challenge early were excluded from analyses of
glipizide response. Five days later, participants received
a 2-day course of 500 mg metformin twice daily, followed
by a 75-g oral glucose tolerance test at visit 2. Plasma
glucose was measured by a hexokinase assay (Roche,
Indianapolis, IN), and insulin was determined using a ra-
dioimmunoassay (Beckman Coulter, Fullerton, CA).

GoDARTS is a longitudinal case-control study that was
established to study the genetics of T2D. Over 18,000
participants were enrolled between December 1998 and
August 2012, of whom half were diagnosed with T2D and
the remaining age- and sex-matched control subjects with-
out diabetes were identified from general practice records
in Tayside, Scotland. Details of the cohort have been
previously described (23). The GoDARTS study was ap-
proved by the Tayside Committee for Medical Research
Ethics (Tayside, Scotland, U.K.). Written informed con-
sent was obtained from each participant.

For the replication analysis, we evaluated participants
in GoDARTS who were diagnosed with T2D and were
either on a sulfonylurea as monotherapy or as an add-on
to metformin. Subjects with a history of insulin use, T2D
diagnosed before 35 years of age, and a baseline hemo-
globin A1c (HbA1c) ,7% (53 mmol/mol) or .14% (130
mmol/mol) were excluded.

Genotyping
In SUGAR-MGH, DNA was extracted and genotyping was
performed using the iPLEX Gold assay from Sequenom by
allele-specific primer extension of amplified products with
detection by mass spectroscopy (24). Hardy-Weinberg
equilibrium was tested within each self-described ethnic
group. SNPs with call rates ,95% and samples with call
rates ,95% were excluded.

Genotyping and quality control of the GoDARTS data
have been described previously (12,13). The SNPs included
in the polygenic scores tested in this study were extracted
from existing GWAS data. Imputed SNPs had an imputa-
tion score .0.9.

Polygenic Score Construction
Polygenic scores were constructed for T2D, FG, and FI by
summing the number of risk alleles carried by each in-
dividual, weighted by the effect size estimates from
well-established genome-wide significant associations de-
rived from the Meta-Analyses of Glucose and Insulin-
related traits Consortium (MAGIC) or Europeans in the
DIAbetes Meta-ANalysis of Trans-Ethnic association stud-
ies (DIAMANTE) Consortium (4,6,8). Due to the limited
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availability of SNPs on our genotyping platform in SUGAR-
MGH, we were able to include only a subset of the known
genome-wide significant loci for T2D and glycemic traits,
resulting in a T2D polygenic score of 65 SNPs, FG score of
43 SNPs, and FI score of 13 SNPs. Supplementary Tables
1–3 list the genetic variants, corresponding genes, and
original GWAS references for each score. Effect alleles were
defined as T2D risk-raising, FG-raising, and FI-raising
alleles. We used the 1000 Genomes database for global
frequencies of the effect alleles because the individuals in
SUGAR-MGH were largely without overt T2D, and we
wanted to avoid using a reference database that included
individuals from several T2D cohorts. If the lead SNP was
not available, we used a proxy that had an r2 .0.8 for
Europeans. In GoDARTS, polygenic scores were created
in the same manner.

Statistical Analyses
In SUGAR-MGH, the area over the curve (AOC) for
decreases in glucose during the glipizide challenge was
calculated by subtracting glucose area under the curve
(AUC) by the trapezoidal method from the baseline glucose
value multiplied by total time for the glipizide challenge.
The AUC for glucose and insulin following metformin
administration was calculated by the trapezoidal method,
which accounted for baseline glucose and insulin values,
respectively. HOMA of insulin resistance (HOMA-IR) was
calculated as previously described (25). Missing data were
not imputed.

The mean 6 SD or median (interquartile range) are
reported for continuous normally or nonnormally distrib-
uted traits, respectively. Assessment of normality was
performed using the Shapiro-Wilk test. Multiple linear
regression with adjustments for age, sex, self-reported
race/ethnicity, and BMI was used to test the association
between each polygenic score and glycemic traits as well
as pharmacodynamic end points. b Coefficients are pre-
sented as the incremental increase or decrease in the trait
or end point per SD of the tested polygenic score. We
assessed for both nominal significance (P , 0.05) and
a more stringent P value of 0.008 for multiple compar-
isons (two drugs 3 three polygenic scores). Statistical
analyses were performed using R 3.5.2 (26).

For the replication analyses in GoDARTS, multiple linear
regression tested for the association between polygenic
score and the outcome of HbA1c reduction, defined as baseline
HbA1c (measured within 180 days prior to sulfonylurea
initiation) minus on-treatment HbA1c at 1 year. Addi-
tional covariates included baseline HbA1c, age at diagno-
sis of diabetes, sex, BMI, average sulfonylurea dose, and
mediation adherence as previously described (18).

Data and Resource Availability
The data sets analyzed during the current study are avail-
able from the corresponding author upon reasonable
request. Data from SUGAR-MGH are also available at
ClinicalTrials.gov.

RESULTS

Subject Characteristics
The baseline characteristics of the 1,000 participants in
SUGAR-MGH are summarized in Table 1. Approximately
half of participants were female, the mean age was 47.2
years, and .35% of participants came from ethnic minor-
ity populations. The mean BMI was 30.2 kg/m2, and mean
FG was 5.16 mmol/L, consistent with a population at risk
for requiring future antidiabetic agents. Only 26 partici-
pants had a diagnosis of T2D (not treated pharmacolog-
ically) at the time of study entry. Of the 1,000 participants,
351 were either ineligible for the glipizide challenge due to
low FG or terminated the challenge early in accordance
with study protocol.

Construction of Polygenic Scores for T2D, FG, and FI
The distribution of all three polygenic scores is depicted in
Fig. 1. The mean T2D polygenic score was 61.82 (range
44.49–80.93). The mean FG polygenic score was 48.92
(range 31.58–66.08). The mean FI polygenic score was
12.54 (range 5.11–22.74).

Association Between Polygenic Scores and Baseline
Glycemic Traits
Table 2 shows the associations between each polygenic
score and either FG or FI at baseline in SUGAR-MGH. The
FG polygenic score was strongly associated with FG in our
cohort in multivariate analyses (P , 0.001), with each SD
increase in score raising FG by 0.13 mmol/L. This associ-
ation was present in stratified analyses of the non-
Hispanic White (b 5 0.09; P 5 0.01) and non-Hispanic
Black (b 5 0.14; P 5 0.007) individuals in SUGAR-MGH.
Likewise, a higher FI polygenic score was associated with
higher FI (P 5 0.04); this finding was also present in
stratified analyses of non-Hispanic Whites. A higher T2D
polygenic score trended toward significance (P 5 0.05)
for the association with higher FG but was not associated
with FI.

Table 1—Demographic characteristics and baseline
measurements of 1,000 participants in SUGAR-MGH

All participants
(n 5 1,000)

Female [n (%)] 539 (54)

Age (years) 47.2 6 16.2

BMI (kg/m2), n 5 978 30.2 6 7.1

Self-reported race/ethnicity [n (%)]
White, non-Hispanic 639 (64)
Black, non-Hispanic 209 (21)
Hispanic 69 (6.9)
Asian, non-Hispanic 59 (5.9)
Others 24 (2.4)

Diagnosis of T2D 26 (2.6)

FG (mmol/L) 5.16 6 0.93

FI (pmol/L), n 5 970 3.56 (3.03, 4.11)

Age,BMI, and FGaremean6SD. FI ismedian (interquartile range).
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Association Between T2D Score and the Acute
Response to Glipizide and Metformin
Table 3 summarizes the association between T2D poly-
genic score and select end points of glipizide and metfor-
min response. A higher T2D polygenic score was associated
with a greater glucose AOC, shorter time to glucose trough,
steeper slope to glucose trough, and shorter time to insulin
peak following glipizide administration at nominal signif-
icance (P , 0.05). When the more stringent P value of
0.008 was used to correct for multiple comparisons, the
finding involving the insulin-based end point remained
significant. We tested and did not find a significant asso-
ciation between T2D polygenic score and pharmacody-
namic end points of metformin response (change in FG,
change in FI, and change in HOMA-IR) (Table 3).

Given that the T2D polygenic score was constructed
using effect size estimates for European ancestries and

proxies were selected based on linkage disequilibrium in
Europeans, we performed stratified analyses for the non-
Hispanic White and Black participants separately. In the
non-Hispanic White subset of SUGAR-MGH (Supplemen-
tary Table 4), we observed that individuals with a higher
T2D polygenic score trended toward having a greater
glucose AOC and shorter time to insulin peak, though this
did not reach our significance threshold after adjustment
for multiple testing. Similarly in the non-Hispanic Black
participants, a similar direction of association was seen
between a higher T2D polygenic score and shorter time to
glucose trough and insulin peak following glipizide (Sup-
plementary Table 5). The relationship between higher
T2D polygenic score and steeper slope to glucose trough
trended toward but did not reach significance in both
subgroups.

Association Between Glycemic Trait Polygenic Scores
and the Acute Response to Glipizide and Metformin
Additionally, we observed associations between glycemic
trait scores and end points of glipizide response, reaching
only nominal significance but not meeting the more strin-
gent significance threshold after adjustment for multiple
testing. A higher FG polygenic score trended toward
a higher glucose AOC (P 5 0.02), with each SD increase
in score raising the glucose AOC by 10.82 mmol/L ∗ min
(Supplementary Table 6). Moreover, each SD increase in
FI polygenic score trended toward a 0.05 mmol/L higher
glucose trough following glipizide administration (P5 0.02)
(Supplementary Table 7). No association was observed
between glycemic trait polygenic score and select end points
of metformin response (Supplementary Tables 6 and 7).

Replication in GoDARTS
The baseline characteristics of the 2,228 individuals in
GoDARTS who underwent treatment with a sulfonylurea
are summarized in Table 4. Approximately half of partic-
ipants were female, the mean age was 59.7 years, and the
baseline HbA1c was 8.97% (75 mmol/mol). All subjects
were of European ancestry. To replicate our findings in
SUGAR-MGH with respect to sulfonylurea response, we
constructed a weighted T2D polygenic score for each in-
dividual in GoDARTS and tested for association with the

Figure 1—Distribution of polygenic scores for T2D (A), FG (B), and
FI (C ) across 1,000 individuals in SUGAR-MGH.

Table 2—Association of polygenic scores with baseline
glycemic traits in SUGAR-MGH

Polygenic
score Trait b (95% CI) P

FG FG (mmol/L) 0.13 (0.07, 0.18) <0.001

FI Ln FI (pmol/L) 0.05 (0.003, 0.10) 0.04

T2D FG (mmol/L) 0.05 (22.1e-5, 0.10) 0.05

T2D Ln FI (pmol/L) 0.009 (20.04, 0.06) 0.71

Linear regression model was adjusted for age, sex, race/eth-
nicity, and BMI. b values are reported per SD of polygenic score.
P values of,0.05 are in bold and reflect significance. Ln, natural
log transformation.
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HbA1c reduction over 1 year. The mean T2D polygenic
score was 74.92 (range 53.29–93.08) with an SD of 5.90. In
adjusted analyses, for each SD increase in T2D score, there
was a 0.063% (0.07 mmol/mol) greater HbA1c reduction in
response to sulfonylurea therapy (P 5 0.02). Moreover,
those in the top decile of T2D polygenic score had a 0.276
0.12% greater HbA1c reduction compared with those in
the bottom decile (P 5 0.03).

DISCUSSION

In SUGAR-MGH, we built polygenic scores for elevated
T2D risk, FG, and FI using genome-wide significant var-
iants discovered in GWAS for T2D and glycemic traits. We
first assessed whether the three polygenic scores were
associated with glycemic traits, which would indicate the
generalizability of these scores to outcomes in this cohort.
Subsequently, we tested the hypothesis that combining
individual variants into a polygenic score may provide
additional information on patterns of T2D disease pre-
disposition that may benefit from tailored pharmacologic
intervention.

We indeed demonstrated that sets of genome-wide
significant genetic variants confirmed to be associated with
glycemic traits were associated with FG and FI levels in
SUGAR-MGH. Our findings were consistent in direction
with and stronger in significance than previously reported
findings in an interim analysis conducted for our design
study at two-thirds study enrollment in SUGAR-MGH
(22). Additionally, we examined whether a polygenic score
for T2D risk would be associated with the same glycemic
traits in our cohort. We found that there was a trend
toward higher FG in those with a higher genetic burden for
T2D, possibly related to the overlap of 14 SNPs between
the T2D and FG scores. No association was seen between
T2D polygenic score and FI, but this was not unexpected

given that many of the genetic polymorphisms in the T2D
score were those that directly or indirectly affect pancre-
atic b-cell function rather than insulin resistance.

We also tested the associations among each of the three
polygenic scores and phenotypes of glipizide and metfor-
min response. Individuals with a higher genetic burden
for T2D were found to have a more robust response to
glipizide, as indicated by a larger glucose AOC, represent-
ing a greater cumulative drop in glucose over time. Addi-
tionally, a higher T2D score was associated with a shorter
time to glucose trough, steeper slope to glucose trough,
and shorter time to insulin peak, all consistent with an
enhanced glipizide response. We note that these findings
were all at nominal significance (P , 0.05). Since the
outcomes are correlated, we subsequently accounted for
multiple comparisons, after which only the insulin-based
outcome remained statistically significant. However, the
presence of associations between T2D polygenic score and
several glipizide challenge end points provides evidence for
a true impact on glipizide response. These findings are
additionally supported by the observation of a marginally
higher glucose AOC in individuals with a higher FG poly-
genic score, again indicative of a greater glipizide response.

Since many of the SNPs comprising the T2D polygenic
score influence b-cell function, it appears that treatment
with glipizide, a sulfonylurea that stimulates insulin se-
cretion from the b-cell, can overcome these genetic defects
in the early stages of T2D pathogenesis. We speculate that
perhaps those with a higher risk of T2D may have overly
sensitized b-cells compared with those with a lower poly-
genic score, resulting in an accentuated response to glipizide.
This is similar to what is observed in maturity-onset
diabetes of the young type 3, which is characterized by
HNF1A mutations causing decreased insulin secretion.
Individuals with maturity-onset diabetes of the young type

Table 3—Association of T2D polygenic score with glipizide and metformin end points in SUGAR-MGH

N b (95% CI) P§

Glipizide end point*
Glucose trough (mmol/L)† 639 20.01 (20.05, 0.02) 0.50
Glucose AOC (mmol/L ∗ min) 633 10.05 (1.17, 18.93) 0.03
Time to glucose trough (min)† 639 24.88 (28.82, 20.94) 0.02
Slope to glucose trough (mmol/L/min)† 638 7.6e-4 (1.2e-4, 1.4e-3) 0.02
Ln peak insulin (pmol/L)‡ 615 0.04 (20.009, 0.09) 0.11
Time to insulin peak (min)‡ 615 25.83 (29.91, 21.76) 0.005
Slope to insulin peak (pmol/L/min)‡ 609 20.11 (20.33, 0.12) 0.35

Metformin end point
FG V2-V1 (mmol/L)† 924 20.009 (20.04, 0.02) 0.56
Glucose AUC (mmol/L ∗ min) 900 6.79 (23.20, 16.77) 0.18
FI V2-V1 (pmol/L)‡ 891 23.11 (26.74, 0.52) 0.09
Insulin AUC (pmol/L ∗ min) 831 266.27 (22,561.34, 1,640.89) 0.67
Ln HOMA-IR V1 (mmol ∗ pmol/L2) 915 0.02 (20.03, 0.08) 0.44
Ln HOMA-IR V2 (mmol ∗ pmol/L2) 914 20.01 (20.07, 0.05) 0.69
HOMA-IR V2-V1 (mmol ∗ pmol/L2) 914 20.84 (21.73, 0.04) 0.06

Ln, natural log transformation; V1, visit 1; V2, visit 2. *A total of 351 individuals did not meet the threshold to receive glipizide or terminated
the glipizide challenge early and were excluded from analyses of glipizide response. †Adjusted for baseline glucose. ‡Adjusted for ln
baseline insulin. Linear regression model was adjusted for age, sex, race/ethnicity, and BMI. §P values of ,0.008 are in bold and reflect
significance after adjustment for multiple testing.
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3 demonstrate a heightened sensitivity to sulfonylureas
(27) but require insulin as the secretory defect progresses.
We hypothesize that individuals with a higher T2D risk
score may behave in the same way, in which they initially
have a sensitized b-cell early in the disease course but may
achieve b-cell failure sooner.

Based on our findings, we sought replication in Go-
DARTS, a case-control study of T2D with longitudinal
clinical and genetic data available. For a subset of 2,228
individuals who received a sulfonylurea, we tested whether
a T2D polygenic score is associated with a clinical drug
response. We found that the mean T2D polygenic score
was higher in GoDARTS than in SUGAR-MGH, illustrating
a higher burden of T2D risk variants. This was expected
since GoDARTS participants have established T2D re-
quiring sulfonylurea therapy. Moreover, we observed that
a higher T2D score was again significantly associated with
a greater sulfonylurea response, as measured by HbA1c

reduction at 1 year. Thus, we demonstrated that the T2D
score was not only associated with the physiologic re-
sponse to an acute dose of glipizide, but also influenced
the sustained glycemic response to sulfonylureas. We
acknowledge that a 0.063% greater reduction in HbA1c

per SD increase in T2D score is clinically small; however,
this difference was as high as 0.27% when comparing the
top and bottom deciles in T2D score. Therefore, the
clinical utility of the T2D polygenic score may be limited
in most of the population, but becomes more relevant in
those at the extremes.

Interestingly, our findings appear to be in contrast
with the candidate gene analysis of the TCF7L2 variant
rs7903146 in GoDARTS, in which homozygotes for the T
risk allele were less likely to respond to sulfonylureas (18).
We have previously postulated that this genotype may
have a differential effect in individuals with T2D who
already have some degree of b-cell dysfunction compared
with those without overt T2D (19). One might expect that
similarly, those with a high T2D score and a predisposition
to b-cell failure would benefit from sulfonylureas early in
the disease course and have an attenuated response over

time. However, our replication analyses in GoDARTS
suggest otherwise, in that the association between a higher
T2D score and greater response to sulfonylureas is ob-
served even in those with established T2D and an average
duration of disease of 4.8 years. Whether this effect would
be observed for those with an even longer duration of T2D
remains to be determined. If so, this could suggest that the
T2D polygenic score captures additional mechanisms that
remain to be elucidated.

We also demonstrated that individuals with a higher FI
polygenic score trended toward a higher glucose trough,
adjusted for baseline glucose, in response to glipizide. This
finding might suggest that for the same 5-mg dose of
glipizide resulting in the same amount of insulin secretion,
individuals with a higher degree of insulin resistance re-
spond worse and have a smaller glucose-lowering response.
Notably, this observation was present after adjustment for
BMI but did not meet the more stringent P value for
multiple comparisons. We also did not observe an effect on
other glipizide challenge end points.

With respect to metformin, we did not observe any
significant associations between polygenic score and phe-
notypic end points of metformin response. This is not
surprising, especially as T2D and FG polygenic scores
comprising of predominantly b-cell function SNPs would
not be expected to associate with metformin response.
Similarly, in the Diabetes Prevention Program (DPP), a co-
hort with prediabetes, a genetic score of 34 T2D loci was
associated with an increased risk of progression to diabetes
and a lower probability of regression to normoglycemia,
but there was no observed interaction effect of metformin
on this association (28).

Prior pharmacogenetic studies of sulfonylurea response
have been limited to candidate gene studies (14–17), and
few have examined individual T2D-associated genes
(18,19). Our study is the first, to our knowledge, to show
a significant association between an aggregate score of T2D
risk loci and drug response prospectively. One recently
published study byMartono et al. (29) examined the added
utility of genetic risk scores for insulin sensitivity, b-cell
function, and T2D for prediction of the initial response to
metformin or sulfonylureas in a primary care population
with early T2D. They did not find an association between
any of these scores and drug response, as measured by
6-month HbA1c, adjusted for baseline HbA1c. However, the
study population was considerably smaller than ours (only
282 individuals initiating metformin and 89 individuals
starting sulfonylureas) and may have been underpowered
to detect significant effects. We note that our study also
used weighted polygenic scores and data from the most
recent GWAS for T2D (8).

Study strengths include the diverse population of our
cohort, which allows for generalizability of our findings.
Furthermore, SUGAR-MGH was conducted under fasting
conditions, which limited the influence of dietary and
lifestyle habits. While SUGAR-MGH had the advantage of
examining a physiologic response to an acute perturbation

Table 4—Demographic characteristics and baseline
measurements of 2,228 participants in GoDARTS

All participants (n 5 2,228)

Age at diagnosis (years) 59.7 6 10.3

Sex (% female) 45

Duration of diabetes (years) 4.8 6 4.4

Baseline BMI (kg/m2) 30.5 6 5.4

Baseline HbA1c (%) 8.97 6 1.47

On-treatment HbA1c (%) 7.64 6 1.40

Average HbA1c reduction (%) 1.34 6 1.69

Sulfonylurea adherence (%) 86 6 20

Sulfonylurea monotherapy (%) 44

Age, BMI, and HbA1c values are mean 6 SD.
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in a controlled environment, the study design did not
include an oral glucose tolerance test prior to metformin
administration, which would have provided a dynamic
glucose challenge for assessing metformin response.

Another shortcoming is that we were only able to assess
a fraction of the known genomic loci for T2D and glycemic
traits, due to the limited availability of SNPs on our genotyp-
ing platform. Genome-wide genotyping is currently under-
way in SUGAR-MGH, which will permit more extensive
polygenic score construction in the future. This will include
partitioned polygenic scores, which group variants by a com-
mon biological process and can provide insight into disease
pathophysiology. The current study only analyzed restricted-
to-significant polygenic scores, and future studies examining
global extended polygenic scores, generated from large num-
bers of subthreshold significant variants, are needed as well.
However, there appears to be limited improvement in pre-
dictive performance between a restricted polygenic score
comprising 199 SNPs and a global polygenic score (21). These
findings suggest that theremay not be a significant step-up in
power with increasing the number of variants included in the
polygenic score. Finally, we note that the effect size estimates
used in the polygenic score construction are for European
ancestry, which does not take into consideration that risk
variants can have different effect sizes in different popula-
tions. We also do not have ancestry information available on
those individuals who self-reported as “Black” in our cohort.
However, in our stratified analyses in non-Hispanic White
and Black individuals (comprising 64% and 21% of SUGAR-
MGH, respectively), we report findings that trend in the same
direction as our primary analyses concerning the impact of
the T2D polygenic score on glipizide response.

In summary, our findings suggest that there is some
overlap between genes implicated in the risk of developing
T2D and those associated with the response to treatment
with sulfonylureas. We add to the growing body of liter-
ature on the potential utility of polygenic scores in un-
derstanding the response to T2D pharmacotherapy. Our
study provides preliminary evidence that sulfonylureas
could be more effective in T2D risk allele carriers, both in
drug-naive individuals as well as those with established
T2D. This finding is consistent with the recent results
reported by Dennis et al. (30) in the A Diabetes Outcome
Progression Trial (ADOPT) trial, showing that participants
who cluster in the severely insulin-deficient diabetes phe-
notype (presumably enriched for b-cell deleterious alleles)
experience a robust initial response to sulfonylureas, though
it worsens over time. While genetic variation has been shown
to alter the response to therapy in T2D, further confirmatory
studies are necessary to clarify the role of polygenic scores
in clinical decision-making.
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