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Abstract
Several clinical studies report increased risk of diabetes mellitus (DM) with pharmacologic treatment
for hypertension (HTN). HTN genes may modify glycemic response to antihypertensive treatment.
The current study examined the association of 24 single nucleotide polymorphisms (SNPs) in 11
HTN candidate genes with fasting glucose measured at 2, 4, and 6 years after treatment initiation.
The study sample included participants free of diabetes at baseline in the Genetics of Hypertension
Associated Treatment (GenHAT) study (N=9,309). GenHAT participants were randomized to
receive treatment with a diuretic (chlorthalidone), calcium channel blocker (amlodipine), or ACE
inhibitor (lisinopril). Mixed models for repeated measures were employed to test for gene and
pharmacogenetic associations with fasting glucose during follow-up. Fasting glucose at year 2
increased on average 6.8 mg/dL, 4.8 mg/dL and 3.0 mg/dL from baseline in the chlorthalidone,
amlodipine and lisinopril groups, respectively. Carrying the I allele (rs1799752) of the angiotensin-
converting enzyme (ACE) I/D polymorphism was associated with lower fasting glucose levels
(P=0.02). Additionally, an ACE promoter polymorphism (−262, rs4291) was associated with lower
fasting glucose for the model AA/AT vs. TT which remained significant after correction for multiple
testing (P=0.001). Finally, a SNP in the α-subunit of the amiloride-sensitive epithelial sodium
channel (SCNN1A, rs2228576) modified the association of amlodipine versus chlorthalidone
treatment with fasting glucose (P<0.001). Further examination of these genes and their relationships
with cardiometabolic disease could foster development of pharmacogenetic guidelines aimed to
prevent increases in fasting glucose during antihypertensive treatment.
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Introduction
Current clinical practice guidelines, including the Joint National Committee on the Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) and results from the
Antihypertensive and Lipid-Lowering treatment to prevent Heart Attack Trial (ALLHAT),
support the use of thiazide diuretics as the first-line of therapy for most patients with
hypertension (HTN) [1;2]. However, diuretics are associated with a number of metabolic
disturbances, including raised glucose levels. In ALLHAT at year 2, fasting glucose increased
8.5 mg/dL, 5.5 mg/dL, and 3.5 mg/dL for the chlorthalidone group (thiazide-like diuretic),
amlodipine (calcium channel blocker) group, and lisinopril (ACE inhibitor) group, respectively
[3]. This result is concerning as HTN is a risk factor for cardiovascular disease (CVD) and
glucose dysregulation is an additional comorbidity that significantly compounds that risk [4–
6]. Similarly, a recent meta-analysis of over 143,000 eligible participants from 22 clinical trials
reported incident diabetes risk reduction with angiotensin receptor blockers, ACE inhibitors,
and calcium-channel blockers versus diuretic [7].

Data suggest that there is crosstalk at multiple levels between pathways that mediate glucose
regulation and HTN [8]. However, the mechanisms through which antihypertensive treatments
may improve or impair glucose tolerance among hypertensives are not completely understood.
Pharmacologic interruption of the ACE enzyme with ACE inhibitors might improve glucose
metabolism by interfering with angiotensin II (Ang II) generation or Ang II receptor activation.
Recent studies have suggested that Ang II may promote altered glucose metabolism through
effects on insulin signaling pathways, tissue blood flow, oxidative stress, sympathetic activity,
and adipogenesis [8;9]. In contrast, thiazide diuretics increase glucose levels. Several studies
have suggested that the mechanism for this effect is through hypokalemia resulting in decreased
insulin secretion by beta cells in the pancreas [10;11]. Thiazide diuretics can cause increased
renal potassium excretion due to increased flow to the distal secretory site as a result of
inhibition of NaCl and water reabsorption in the distal tubule as well as to increased secretion
of aldosterone because of diuretic-induced volume contraction [12;13]. Supporting the
hypothesis that diuretic induced hypokalemia has an effect on hyperglycemia, it has been
reported that potassium supplementation helps curb thiazide-induced glucose intolerance
[14].

The Genetics of Hypertension Associated Treatment (GenHAT) study, an ancillary study of
ALLHAT, was designed to determine whether variants in HTN susceptibility genes interact
with antihypertensive medication to modify coronary heart disease (CHD) risk in hypertensives
[15]. In the current study we selected hypertension candidate genes belonging to pathways that
may have effects on glucose metabolism during hypertension treatment including the renin-
angiotensin-aldosterone system (RAAS), sodium metabolism, nitrous oxide (NO) synthesis,
and oxidative stress reduction. We hypothesize that variation in genes belonging to these
pathways may modify the relationship of antihypertensive treatment with subsequent increase
in fasting glucose, a diabetes-related trait. Understanding gene by treatment interactive risk for
diabetes could lead to selection of optimum antihypertensive treatment based on specific
genotypes. Specifically, we examined SNPs in the RAAS including angiotensin-converting
enzyme (ACE), angiotensinogen (AGT), angiotensin II type 1 receptor (AGTR1), and renin
(REN). The genes involved in sodium sensitivity and transport that we examined included
guanine nucleotide binding protein β-polypeptide 3 (GNB3), G protein-coupled receptor kinase
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4 (GRK4), natriuretic peptide precursor A (NPPA), the alpha subunit of the amiloride-sensitive
epithelial sodium channel (SCNN1A), and α-adducin (ADD1). We also included SNPs in NO-
synthase (NOS3) and HDL associated paraoxonase 1 (PON1) which are involved in NO
synthesis and oxidative stress response, respectively.

Methods
Study Population

ALLHAT (N=42,418) was a randomized, double-blind, multicenter clinical trial of persons ≥
55 years of age with hypertension and at least one other CVD risk factor recruited from 623
centers which examined differences by antihypertensive treatment in fatal CHD and non-fatal
myocardial infarction incidence [16]. In GenHAT 39,114 of the 42,418 ALLHAT participants
with available DNA were genotyped for variants in several genes implicated in hypertension
and stroke etiology. HTN was defined as systolic blood pressure of 140 mmHg or higher, and/
or a diastolic blood pressure of 90 mmHg or higher, and/or taking antihypertensive medication
(<3 drugs) with a blood pressure of 160/100 mmHg or lower. Randomization began in
February, 1994 and concluded January 31, 1998. Active follow-up concluded in March 2002.
Detailed inclusion and exclusion criteria are published elsewhere [17;18]. Informed consent
was obtained for each patient, and the protocol was approved by the institutional review board
at each participating center.

Intervention
Participants were randomized to treatment with one of 4 primary antihypertensive drugs
belonging to different classes: (1) a calcium channel blocker (amlodipine), (2) an ACE inhibitor
(lisinopril), and (3) a α-adrenergic blocker (doxazosin) as compared to (4) chlorthalidone, a
thiazide-like diuretic. In February, 2000, the doxazosin arm was discontinued because of a
significant increase (25%) in incidence of CVD compared with the chlorthalidone arm [19].
Participants randomized to the doxazosin treatment arm were not included in the current study.
The remaining participants were randomized to chlorthalidone, lisinopril, and amlodipine—in
a ratio of 1.7:1:1, respectively, at each center. The treatment was given once daily to achieve
blood pressure control (≤140/90 mmHg) on the lowest possible dosage: chlorthalidone 12.5
mg for the first and second titration and 25 mg for the third; lisinopril 10, 20, or 40 mg; and
amlodipine 2.5, 5, or 10 mg. If blood pressure control was not achieved on the maximum study
medication dose, a second-step, open-label agent (reserpine, clonidine, or atenolol) and/or a
third-step open-label agent (hydralazine) was added.

Sample for Current Analysis
Our study hypothesis centers on genes that may be associated with adverse metabolic outcomes
during antihypertensive treatment among persons not diabetic at treatment initiation. To this
end, we adopted the same inclusion criteria as a previous analysis of incident DM in the
ALLHAT study [3]. Known DM was defined by physician diagnosis (N=11,002). Newly
diagnosed DM cases (N=972) were defined as those entering the trial without a previously
known DM diagnosis, but with a fasting glucose level > 125 mg/dL (6.9 mmol/L). Participants
classified as having known or newly diagnosed DM were excluded from the current study.
Those with a missing baseline fasting glucose measurement and a non-fasting baseline glucose
level of 110 mg/dL (6.1 mmol/L) or higher were also excluded (N=1,333) to conservatively
ensure only participants free of DM at baseline were examined. This left 17,473 participants
eligible for the current analysis. Of these 17,473 participants, 9,309 had at least one follow-up
fasting glucose measure (and often more than one) at 2 (N=7,284), 4 (N=6,153) and/or 6
(N=1,540) years of follow-up and were included in the present analysis.
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We compared baseline characteristics of those with (N=9,309) and those without (N=8,164) a
follow-up fasting glucose measure who were considered free of DM at baseline. The groups
had similar mean age (66.4 for those included and 67.7 for those excluded). The distribution
of treatment was similar among those included and excluded with 46% and 45% randomized
to chlorthalidone, 27% and 26% randomized to amlodipine, and 26% and 28% randomized to
lisinopril, respectively. However, the gender and race distribution between the groups was
different. Specifically, 58% versus 51% of men did and did not have a follow-up fasting glucose
and 42% versus 48% of women did and did not have a follow-up fasting glucose measure
(P<0.0001). Finally, the distribution of race was similar between the two groups except 24%
of non-Hispanic Blacks versus 33% did and did not have a follow-up fasting glucose measure,
respectively (P<0.0001).

Laboratory Measurements
Baseline and follow-up serum glucose concentrations were obtained after an overnight fast (at
least 8 hours) at each site through a certified laboratory [3]. Glucose was quantified with the
Ortho-Clinical Diagnostics VITROS Analyzer (models 950 and 250), which used a glucose
oxidase colorimetric method (Ortho-Clinical Diagnostics, Inc., Raritan, NJ).

SNP Selection
Our study was ancillary to GenHAT and utilized data on previously genotyped variants from
a multilocus CVD SNP panel (Roche Molecular Systems, Pleasanton, California, USA). From
this panel we focused on genes in pathways where we could find evidence for effects on both
blood pressure and glucose metabolism. To this end we did not investigate all 43 cardiovascular
candidate genes genotyped in GenHAT and only examined SNPs in genes involved in the
renin-angiotensin-aldosterone system (RAAS), sodium metabolism, NO synthesis, and/or
oxidative stress reduction.

Genotyping
DNA isolation techniques and genotyping methods within GenHAT have been described
[15]. Briefly, DNA samples were anonymized as set forth in the Report of the Special Emphasis
Panel on Opportunities and Obstacles to Genetic Research in NHLBI Clinical Studies [20].
DNA was isolated from blood clots using FTA paper assays (Fitzco Inc, Maple Plain, MN,
USA). With the exception of the ACE I/D polymorphism, the current study used a multilocus
CVD SNP panel described above where genotyping was performed by colorimetrically
detecting the hybridization of biotinylated products from a multiplex PCR to sequence-specific
oligonucleotide probes arrayed on a nylon membrane [21]. Genotype calls were made with the
assistance of image processing software provided by Roche Molecular Systems. ACE I/D
genotyping was performed using a modification of the procedure described by Kim et al. to
enhance detection of heterozygotes [22].

Statistical methods
Twenty four SNPs in 11 candidate genes were tested for Hardy-Weinberg Equilibrium (HWE)
stratified by self-reported ethnic group (non-Hispanic White, non-Hispanic Black, Hispanic
White, Hispanic Black, and Other). One way ANOVA and chi square tests were used to
examine differences in baseline characteristics of the study population for continuous and
categorical traits by treatment group, respectively. Randomization to hypertension treatment
resulted in equal distribution of confounders between treatment groups, thus, models including
treatment group were not adjusted for covariates in our study. Outliers from the distribution of
fasting glucose at each time-point (± 4 SD from the mean) were excluded from the analysis.
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To examine the average change in fasting glucose by treatment group, change in fasting glucose
from baseline to the 2 year visit was calculated for each participant and treatment group
category was regressed on this outcome. To examine SNP association with fasting glucose at
equally spaced follow-up visits (years 2, 4, and 6) we employed a mixed model approach in
SAS v. 9.2 that allowed for repeated fasting glucose measures using a compound symmetry
correlation structure which bases the estimates on the available measurements. For these main
effect SNP models (i.e., the effect of the genotype on fasting glucose), we adjusted for visit
number as an additive variable and ethnic group category since allele frequencies for some of
the genetic variants differed by ethnicity. Though treatment group was not included in these
models, we found the addition of other covariates such as gender and BMI did not change
results. An additive model was tested for each SNP except when there were 10 or fewer
participants with the minor allele homozygote genotype for an ethnic group category. In such
a case heterozygotes were grouped with minor allele homozygotes. The ACE I/D
polymorphism was modeled II/ID vs. DD (and similarly for the linked SNPs rs4343 and rs4363)
as several previous studies have suggested the DD genotype is a risk factor for DM [23–26].
A similar mixed model was employed to estimate mean fasting glucose at each follow-up visit
for each treatment group (Figure 1).

Pharmacogenetic models (examining gene by antihypertensive treatment interactions) used
similar mixed model methods and were adjusted for visit number plus gene and treatment main
effects, but not for other covariates as these were balanced in the randomization for treatment.
Antihypertensive treatment was modeled as a categorical variable with chlorthalidone as the
reference. Visit number and the genotypes were modeled as described above. Interactions with
visit number were not significant in any model suggesting the time points measured in this
study do not change the relationship of the treatments or SNPs with the outcome, fasting
glucose.

We corrected for multiple testing using a method based on the Bonferroni criterion that
accounts for correlations among markers in a multi-marker study [27]. Based on this method,
we calculated the number of independent SNPs to be 23.35 yielding a significance level P
value of 0.05/23.35=0.002 for tests of main effect and 0.05/46.7=0.001 for tests of gene by
treatment interactions.

Results
Baseline characteristics of the study population were not different by treatment randomization
group (Table 1). The description of SNP variation and genotype frequencies are presented in
Table 2. Genotyping rates were greater than or equal to 97% for each SNP. SNPs deviating
from HWE with P-value <0.01 include AGTR1 −535 G/A (P=1.12*10−5) among non-Hispanic
Blacks, SCNN1A T663A A/G (P=2.82*10−8) among non-Hispanic Whites, and ADD1 G460T
G/T (P=0.007) and NPPA V664M G/A (P=0.0004) in the “Other” racial group category. At
year 2, mean fasting glucose increased on average 6.8 mg/dL, 4.8 mg/dL and 3.0 mg/dL from
baseline in the chlorthalidone, amlodipine, and lisinopril groups, respectively. These estimates
for change in fasting glucose after 2 years of follow-up in our GenHAT subgroup closely agree
with those reported in a study of fasting glucose and incident DM in the parent ALLHAT study
[3]. Figure 1 demonstrates that fasting glucose continues to increase over time within each
treatment category.

No SNP was associated with baseline fasting glucose with P<0.05 among GenHAT participants
without DM at baseline. The association of each SNP with fasting glucose during follow-up
is presented in Table 3. Two SNPs in the ACE gene were associated with fasting glucose in
our study with P≤0.05. Carriers of the insertion (I) allele for the ACE I/D polymorphism had
close to 1 mg/dL lower fasting glucose on average during antihypertensive treatment compared
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to DD homozygotes. Carrying an A for the ACE −262 A/T (rs4291) polymorphism was
associated with a 1.72 mg/dL lower fasting glucose level on average, which met significance
criteria after adjustment for multiple testing. For all the other SNPs examined, we did not find
any main effect associations with follow-up fasting glucose in GenHAT.

We report a gene by treatment interaction for a SNP in SCNN1A (T663A, rs2228576). Figure
2 shows estimated average fasting glucose levels at year 6/visit 3 by treatment group and
genotype for this SNP. The pharmacogenetic association is for the amlodipine versus
chlorthalidone comparison and is significant after correction for multiple testing (P=0.001).
Specifically, the GG genotype was associated with lower fasting glucose levels for amlodipine
versus chlorthalidone (100 vs. 106 mg/dL, respectively), while carrying the A allele for that
SNP was not associated with as large a difference in fasting glucose levels between the two
treatments (Figure 2: 103 vs. 106 mg/dL, respectively).

Discussion
This report describes the association of HTN genes with fasting glucose during
antihypertensive treatment along with how genes modify the relationship between treatment
and fasting glucose. The SNPs were carefully chosen from an available list of HTN and other
cardiovascular candidate genes belonging to pathways for which we could explain dual roles
in glucose metabolism and blood pressure. The extensively studied ACE I/D polymorphism
was associated with fasting glucose during antihypertensive treatment (P=0.02), though the
association was not significant after correction for multiple testing. The association of the DD
genotype with diabetes has been replicated in some populations [23–26;28] but not all
populations [29–31]. Consistent with the D allele being associated with metabolic disturbance,
our results show a trend toward the I allele being associated with lower fasting glucose levels
in treated hypertensives. Other studies of the association of the ACE I/D genotype with fasting
and non-fasting glucose are inconsistent [29;31–35]. The D allele has been associated with
higher ACE levels [36;37] leading to increased Ang II levels [9] followed by downstream
adverse effects on metabolism that remain incompletely understood [32].

We extend results on fasting glucose from previous studies of the ACE gene by reporting an
association for another polymorphism in the ACE gene. The ACE −262 A/T (rs4291)
polymorphism was the only SNP that met significance criteria after adjustment for multiple
testing. The SNP is located in the promoter region of the gene, and we report the A allele to
be associated with lower fasting glucose levels during antihypertensive treatment. Evidence
of the relationship of this allele with ACE concentration has not been consistent. One study
reports the A allele is associated with increased ACE concentration in plasma [38], but two
other studies report the opposite effect [39;40]. Another study reported increased expression
of ACE gene products with the A allele and reported the presence of a transcription factor
binding site at that location [41]. To our knowledge, no other study has considered this SNP's
association with DM or related traits. However, the effect of the SNP on fasting glucose during
antihypertensive treatment was small in our study (<2mg/dL for the risk genotype).

One recent nested case-control study based on pharmacy records in the Netherlands examined
modification of the relationship between thiazide diuretics and DM by 5 SNPs in 5 genes
examined by our study [12]. The SNPs included ACE G4656C (as a proxy for the ACE I/D
polymorphism), AGT M235T, AGTR1 A1166C, ADD1 G460T, and GNB3 C825T. Results
showed that among 497 incident cases of DM and 2633 controls the risk of DM due to thiazide
diuretic treatment compared to other antihypertensives was different by ACE G4656C, GNB3
C825T, and AGTR1 A1166C genotypes. Our results considering the related phenotype, fasting
glucose, did not agree with these findings even when we restricted our analysis to non-Hispanic
Whites only. There could be several reasons our study was not able to replicate the results of

Irvin et al. Page 6

J Hypertens. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Bozkurt et al. [12]. They compared thiazide diurectics to all other hypertensive medications
grouped together as the reference while our study compared amlodipine and lisonipril,
individually, to chlorthalidone. Also, the outcome in that study was dichotomous diabetes
status and our study examined fasting glucose as the outcome. Finally, chance cannot be
excluded as the reason for the majority of their findings. Bozkurt et al. mentioned they did not
adjust for multiple testing after examining 5 SNPs and acknowledged “when a more stringent
significance level of 0.01 would have been applied, only the interaction between AGTR1 and
thiazides remained significant.”

We report a pharmacogenetic association involving a SCNN1A missense polymorphism
(rs2228576) for amlodipine versus chlorthalidone treatment. The SCNN1A gene encodes one
of three subunits of the amiloride-sensitive epithelial sodium channel (ENaC) that regulates
sodium absorption in epithelial cells that line the distal renal tubule [42]. This interaction is
biologically plausible as blockade of renal sodium transport has been hypothesized to be
important for thiazide diuretic-induced glucose dysregulation [12;13]. It is also intriguing that
the SNP is a missense SNP resulting in a threonine to alanine amino acid change and that could
affect the function of the protein. However, we have been unable to determine the putative
effect of the SNP on protein function based on the literature or using PupaSuite
(http://www.pupasnp.org), which includes an estimator of effect of polymorphisms based on
evolutionary information [43]. The SCNN1A interaction is the only interaction term that met
statistical significance criteria after adjustment for multiple testing. However, we present this
result with caution as the SNP was out of HWE in non-Hispanic Whites in the chlorthalidone
treatment group only, an effect that could bias our result. The departure from HWE among
non-Hispanic Whites appears to be due to a loss of heterozygosity which could result from
structural variation and, in fact, according to the Database of Genomic Variants, the SNP lies
in a region of copy number variation [44]. The interaction was still present when non-Hispanic
Whites were removed from the analysis, although no longer statistically significant after
correction for multiple testing (P=0.03).

Limitations of this analysis should be mentioned. Information concerning DM diagnosis and/
or DM treatment was not collected during follow-up of ALLHAT. Other studies have used
criteria of no DM at baseline and fasting glucose >125 mg/dL during ALLHAT follow-up to
define DM onset [3;45]. However, given limitations of this definition with no information on
DM treatment collected during follow-up and the potential for increased power to reveal
pharmacogenetic associations using a continuous outcome, we chose to focus our analysis on
fasting glucose. We realize that lack of appropriate correction for diabetes treatment in our
analysis of fasting glucose could lead to substantial shrinkage in the estimated effect of genetic
determinants (or shrinkage bias) and reduction in statistical power [46]. We could have missed
some important associations, or our results could underestimate the effects we report.
Additionally, in our tests of gene main effects we adjusted for self-reported race as a proxy for
ancestry. We note allele frequency differences between the races could have biased our results
for gene main effects. Optimally, if available, we would have included adjustment for ancestry
informative markers in those models to exclude the possibility for residual confounding due
to population substructure. A total of 47% of the 17,473 participants in GenHAT free of DM
at baseline did not have a follow-up fasting glucose measure and were excluded from the current
study. More non-Hispanic Blacks were excluded than included due to missing fasting glucose
measures during follow-up. If the distribution of genes was different between the groups this
could limit the generalizability of our study to the non-Hispanic Black population. The
differences by gender should not limit the generalizability of this study since our genetic effects
of interest should not be associated with gender. Our study is strengthened by its sample size
and availability of genotype information, often including more than one functional marker, for
a wide variety of important HTN candidate genes.
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There is ample evidence of overlap in pathways and proteins affecting both HTN and glucose
metabolism. We studied 24 SNPs in 11 cardiovascular candidate genes we hypothesized could
have an effect on glucose metabolism during hypertension treatment in a biologically plausible
way. The majority of these SNPs did not have an effect on fasting glucose. However, we report
that the ACE gene has a small effect on fasting glucose during hypertension treatment. Future
studies might examine whether the association of ACE with diabetes or related traits during
hypertension treatment is modified by other genes or environmental factors. The magnitude of
effect of the pharmacogenetic association reported for the SCNN1A polymorphism could have
clinical implications. Despite the noted limitations of this result, it would be interesting to
replicate this interaction in another study since inhibition of sodium transport is theorized to
be important in diuretic-associated glucose disturbance. More recent studies have identified
new loci associated with blood pressure that could be important to our hypothesis and
interesting to study in the future. For instance phospholipase C, delta 3 (PLCD3) was
highlighted by a recent genome wide association study [47] and belongs to a family of enzymes
important to the insulin signaling pathway and lipid metabolism [48;49]. Understanding risk
factors for developing glucose dysregulation during antihypertensive treatment continues to
be an important research question to pursue to help prevent excess CVD risk in a vulnerable
hypertensive population.
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Figure 1.
Estimated mean fasting glucose by antihypertensive treatment group during follow-up
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Figure 2.
Pharmacogenetic association of SCNN1A T663A genotype with fasting glucose (FG) for
amlodipine vs. chlorthalidone (P=0.001)
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Table 1

Baseline characteristics of the study population by antihypertensive treatment group

Covariate Chlorthalidone N=4318 Amlodipine N=2554 Lisinopril N=2437 P

Age, y 66.3±7 66.5±7 66.4±7 0.54

Gender, % females 1785 (41) 1117 (44) 1005 (41) 0.10

Race*, n(%)

 NHW 2301 (54) 1385 (54) 1311 (54)

 NHB 1048 (24) 628 (25) 585 (24)

 HW 600 (14) 333 (13) 323 (13)

 HB 140 (3) 86 (3) 73 (3)

 O 229 (5) 122 (5) 145 (6) 0.73

Current Smoking, % 1163 (27) 635 (25) 618 (25) 0.12

Baseline fasting glucose, mg/dL 93.4±11 93.3±11 93.8±11 0.26

Baseline BMI, kg/m2 29.0±6 28.8±6 28.8±6 0.34

Baseline SBP 144.6±14 144.2±14 144.8±14 0.31

Baseline DBP 83.9±10 83.7±10 83.9±10 0.40

*
non-Hispanic White (NHW), non-Hispanic Black (NHB), Hispanic White (HW), Hispanic Black (HB), Other (O)
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Table 3

Main effect associations of SNPs with fasting glucose

Gene Model β * SE P

ACE I/D II/ID vs. DD −0.93 0.41 0.02

ACE −262 AA/AT vs. TT −1.72 0.54 0.0014

ACE 776 AA/AG vs. GG −0.88 0.47 0.061

ACE 20320 AA/AG vs. GG −0.71 0.43 0.099

AGT −6 Additive for A 0.082 0.28 0.77

AGT −20 CC/AC vs. AA 0.39 0.40 0.33

AGT M235T Additive for C 0.07 0.28 0.81

AGTR1 1166 Additive for C 0.13 0.31 0.68

AGTR1 −535 Additive for A 0.27 0.28 0.34

AGTR1 −153 Additive for C 0.30 0.33 0.36

Adducin G460T TT/GT v. GG 0.54 0.42 0.19

GNB3 825 Additive for C −0.23 0.28 0.40

RENIN −1111 AA/GA v. GG 0.53 0.41 0.20

RENIN 2646 Additive for C −0.07 0.28 0.81

GRK4 R65L Additive for T −0.14 0.28 0.60

GRK4 A142V Additive for T −0.29 0.27 0.27

GRK4 A486V Additive for T 0.11 0.28 0.71

NPPA V664M AA/GA v. GG −0.36 0.62 0.56

NPPA X2238R Additive for C −0.05 0.33 0.88

SCNNIA T663A AA/GA v. GG 0.25 0.39 0.53

NOS3 E298D TT/GT v. GG −0.14 0.30 0.65

NOS3 −690 TT/CT v. CC −0.11 0.57 0.85

NOS3 −922 Additive for G −0.43 0.29 0.13

PON1 −108 Additive for T 0.26 0.28 0.34

*
β reflects average change in fasting glucose in mg/dL when comparing the risk genotype to the reference genotype or the heterozygote to the reference

homozygote for additive models.

Models are adjusted for ethnicity and visit number.
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