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Abstract
Thiazide diuretics can impair glucose metabolism and increase new onset diabetes. Adding an
angiotensin receptor blocker to diuretics may protect against these metabolic effects; however, the
mechanism of this protection is unclear. To explore potential mechanisms, a 16-week multicenter
trial was conducted to ascertain the relative glucose metabolism effects of combined
hydrochlorothiazide and angiotensin receptor blocker (valsartan) therapy compared to
hydrochlorothiazide and calcium channel blocker (amlodipine) treatment in 412 centrally obese
hypertensive subjects (BMI = 35±7 kg/m2, seated BP = 159±8/94±8 mmHg, and mean age 56
years). Subjects were randomized to valsartan/hydrochlorothiazide, with force-titration to 320/25

Address correspondence to James R. Sowers, MD, Professor of Medicine, Physiology and Pharmacology, Director, Diabetes
Cardiovascular Center, University of Missouri–Columbia, D109 Diabetes Center UHC, 1 Hospital Drive, Columbia, Missouri 65212,
Phone: (573) 884-0769; Fax: (573) 884-5530 sowersj@health.missouri.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Clinical trial number: NCT00439738
Conflict(s) of Interest/Disclosure(s)
JRS has NIH and VA funding and has served as a consultant for Novartis Pharmaceuticals Corporation and Forest Pharmaceuticals.
Research funding grants were provided to University of Missouri by Novartis Pharmaceuticals Corporation and Forest
Pharmaceuticals.
LR has served as a consultant and speaker for Novartis Pharmaceuticals Corporation.
IJ has served as a consultant for Novartis Pharmaceuticals Corporation.
BE has served as a consultant and speaker for Novartis Pharmaceuticals Corporation, Pfizer Inc. and GlaxoSmithKline. Research
support received from Novartis Pharmaceuticals Corporation and AstraZeneca Pharmaceuticals.
EO has served as a consultant and speaker for Novartis Pharmaceuticals Corporation. She has served as a consultant for Bristol-Myers
Squibb, Nitromed and Sanofi-Aventis and speaker for Merck Pharmaceuticals.
PCD has served as a consultant and speaker for Novartis Pharmaceuticals Corporation, Forest, GlaxoSmithKline and Pfizer. Research
support received from Novartis Pharmaceuticals Corporation and AstraZeneca Pharmaceuticals.
RS, DZ and DP are employees at Novartis Pharmaceuticals Corporation

NIH Public Access
Author Manuscript
J Hypertens. Author manuscript; available in PMC 2011 August 1.

Published in final edited form as:
J Hypertens. 2010 August ; 28(8): 1761–1769. doi:10.1097/HJH.0b013e32833af380.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mg or amlodipine plus hydrochlorothiazide titrated to 10 mg 25 mg, respectively. Changes from
baseline to Week 16 in fasting and 2-hour postprandial glucose and insulin levels after an oral
glucose load were measured. At Week 16, clinic blood pressure reductions were similar (P>0.05)
in both groups. Fasting and 2-hour glucose levels increased (P<0.05) with the amlodipine
combination but not with the valsartan combination. In concert with these glucose responses,
postprandial insulin increases from baseline were substantially greater with valsartan than with
amlodipine plus hydrochlorothiazide group (P=0.001). The glucose responses were inversely
related to insulin responses at the study conclusion. The novel observation of this investigation
was that the combination of valsartan and hydrochlorothiazide was associated with greater
glucose-stimulated insulin secretory and lesser glycemic excursion responses than the amlodipine
combination group. Thus, this data suggests that adding an angiotensin receptor blocker attenuates
the negative effects of thiazides on pancreatic beta-cell glucose induced insulin secretion.
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Introduction
Although diuretics are effective antihypertensive agents with documented benefits in
reducing cardiovascular morbidity and mortality [1], there is increasing concern about the
adverse metabolic and inflammatory effects of thiazide diurectics [2–10]. Mechanisms
related to impaired glucose metabolism with thiazide diuretic therapy have been primarily
attributed to impaired insulin metabolic signaling which, in turn, is thought to be associated,
in part, with reductions in serum potassium levels [3,4]. The negative metabolic effects of
thiazide diuretics are, however, multifactorial and their actions to activate inflammation, the
sympathetic and the renin-angiotensin system (RAS), may account for potential negative
effects on pancreatic insulin secretory capacity, as well as skeletal muscle, liver and fat
insulin metabolic signaling pathways [10].

Observational studies have reported an increase in the incidence of new-onset diabetes
mellitus with thiazide diuretics compared to RAS blockers or calcium channel blockers [6–
8]. This effect is especially pronounced in hypertensive patients with prediabetes/and or the
metabolic syndrome [8–10]. A recent report [9] indicated that antihypertensive therapy with
hydrochlorothiazide (HCTZ) alone or, in conjunction with a beta-blocker, was associated
with a significant increase in impaired glucose metabolism in hypertensive patients with
abdominal obesity. Thus, it may be appropriate to use thiazide diuretics with caution and at
lower doses in patients with abdominal obesity and/or metabolic syndrome, even though this
conservative approach may still not prevent the negative effects of diuretic therapy [8–10].

The addition of an ACE inhibitor (ACE-I) or an angiotensin receptor blocker (ARB) to a
thiazide diuretic has been suggested as a strategy to prevent or reduce new onset diabetes
[7–9]. A potential mechanism by which inhibition of the RAS can improve glucose
tolerance or insulin sensitivity is that of amelioration of the diuretic-induced hypokalemia;
however, studies have demonstrated that diuretics can impair peripheral insulin sensitivity
independent of lowering serum potassium levels [2,7,11–13]. Combination RAS blockade
(ACE-I or ARB) with diuretic therapy has been reported to cause fewer adverse effects on
glucose metabolism than diuretic therapy alone [13–15]; however, in some of these studies,
the negative metabolic effects of diuretics were not completely ameliorated by RAS
blockade [8,11,16–17].
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The purpose of the current investigation was to a) more closely examine the glucose
metabolism effects, and potential salutary mechanisms, of combined treatment with the
ARB, valsartan, and HCTZ, in comparison to combined diuretic and amlodipine
(metabolically neutral agent added for last eight weeks of study to minimize BP differences)
therapy, and b) further dissect the mechanisms by which the addition of an ARB to diuretic
therapy mitigates the diuretic-induced negative metabolic effects. This investigation focused
on the impact of these two antihypertensive therapies on pancreatic insulin secretion as well
as systemic glucose metabolism [9].

Methods
The Valsartan and Hydrochlorothiazide In HyperTensive Abdominally ObEse (VITAE) trial
was a 16-week, double-blind, randomized, forced-titration study, in non-diabetic subjects
with hypertension and abdominal obesity. This study was conducted according to the
Declaration of Helsinki. The study protocol was approved by the institutional review board
at each site and all patients provided informed written consent. Patients meeting the
eligibility criteria required that they have a complete withdrawal of their antihypertensive
medication (i.e. washout period). The washout period could not exceed 28 days.

Subjects
After screening 790 subjects in total, 412 male or female subjects with central obesity and
hypertension were enrolled in the study. Inclusion criteria were as follows: outpatients ≥40
years of age, central obesity defined in men as waist circumference >40 inches (>35 inches
in Asian Americans), and in women as waist circumference >35 inches (>31 inches in Asian
Americans), and hypertension defined as a mean of three sitting BP measurements: mean
sitting systolic BP ≥ 150 mm Hg but <180 mm Hg and mean sitting diastolic BP <110 mm
Hg following a maximum four week washout period.

Patients were excluded if they were taking >3 antihypertensive medications at the time of
screening, were unable to discontinue all prior antihypertensive medications safely during
the washout period, experienced weight loss >10 pounds (4.5 kg) during the screening/
washout period, or had a documented history of Type 1 or 2 diabetes or fasting plasma
glucose ≥7.0 mmol/L or a serum potassium level <3.5 mEq/L or >5.5 mEq/L at screening.

Study Design
A schematic overview of the study design is provided in Figure 1. After screening,
antihypertensive medication was stopped and subjects entered a washout period lasting for
up to four weeks. Eligible patients were then randomized to either once-daily valsartan/
HCTZ 160/12.5 mg or HCTZ 12.5 mg alone. At Week 4, doses were force-titrated to
valsartan/HCTZ 320/25 mg and HCTZ 25 mg in their respective groups. At Weeks 8 and 12,
patients in the valsartan/HCTZ group remained at the same dose (320/25 mg), while all
patients in the HCTZ group received add-on amlodipine 5 mg and 10 mg at Weeks 8 and 12
respectively, in order to minimize differences in BP between the two groups by the end of
the study. Downward titration of study drug doses was not permitted. All medications were
taken once daily at the same time each morning.

STUDY POPULATION CLINICAL CHARACTERISICS—BP was measured to the
nearest millimeter of mercury using a sphygmomanometer and an arm cuff with dimensions
adjusted according to arm circumference. The measurements were done at trough, i.e. 24
hours after the last administration of the study drug and with subjects sitting for ≥5 min. BP
was recorded three times, ≥2 min apart, and the average was used for analyses. The arm
with the highest BP at enrollment was used for all subsequent measures. Height and weight
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were measured to the nearest 0.5 cm and 0.1 kg, respectively. Waist circumference was
measured by placing the measuring tape snug (but not compressing the skin) around the
abdomen at the level of the umbilicus just above the upper most lateral border of the right
iliac crest and at normal minimal respiration with the patient in the standing position and his/
her hands by their side.

Oral Glucose Tolerance Test (OGTT)
An oral glucose tolerance test (OGTT) was performed at baseline and Week 16 after an
overnight fast to assess fasting and postprandial glucose and insulin. For the OGTT, plasma
samples were measured at 0, 30, 60, 90, and 120 min after a 75 g glucose load was given in
a fluid volume of 250–300 mL and was orally consumed within a 5 min period. The
homeostasis model assessment of insulin resistance (HOMA-IR) [18] a measure of
peripheral insulin sensitivity, and the insulinogenic index [19], a measure of early insulin
response (30 min), were determined at baseline and at the end of the study. The percentage
of patients with the metabolic syndrome was identified at baseline. High-sensitivity C-
reactive protein [hs-CRP] was assessed at baseline and Week 16. Mean sitting systolic and
diastolic BP were measured at baseline and every four weeks throughout the study.

Biochemical and Hormonal Assay
Serum insulin was measured by radio-immunoassay (RIA) (Immulite®, Diagnostic Products
Corporation, Los Angeles, CA) and plasma glucose was determined by the hexokinase
method (Roche Diagnostics, Indianapolis, IN). Serum hsCRP was measured by
immunoturbidimetry (Roche Diagnostics, Indianapolis, IN).

Safety and Tolerability Assessments
Physical examinations were performed at screening, baseline, Week 4, Week 8, Week 12,
and study end (Week 16 or discontinuation). All observed or volunteered adverse events
(AEs), including serious AEs, were recorded throughout the study period.

Statistical Analysis
The primary intent of this study was to examine the fasting and postprandial glucose and
insulin responses between the two treatments after 16 weeks of therapy. Efficacy variables
were evaluated using last observation carried forward (LOCF) approach with the intent to
treat (ITT) population. Assessments of metabolic measures were made at baseline and at the
end of the study only. Descriptive and inferential analyses were performed for baseline
demographics; change in BP, and for change in metabolic measures. Baseline demographic
characteristics were summarized. Two-sample t-test for continuous variables and chi-
squared test for categorical variables were used to test for homogeneity between the two
treatments at baseline. All statistical tests were conducted under a two-sided alternative
hypothesis, employing a significance level of 0.05.

To compare the change in a dependent variable (e.g. BP) between the two treatment groups,
an analysis of covariance (ANCOVA) was used with baseline assessment as a covariate and
treatment as factor in the model. Postprandial glucose and insulin after the OGTT challenge
were also analyzed using area under the curve (AUC) analyses for the 0–120 min time
period. Pearson product correlation analyses were also performed between changes in serum
potassium, changes in fasting glucose and postprandial insulin, and between postprandial
insulin and glucose and insulinogenic levels in the two treatment cohorts.
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Results
Among the 412 subjects randomly assigned to valsartan/HCTZ (n=206) or amlodipine/
HCTZ therapy (n=206), 401 patients (valsartan/HCTZ=197, amlodipine/HCTZ=204)
received at least one dose of study medication and had at least one valid post-baseline
efficacy assessment, and were thus included in the ITT population. Of the randomized
patients, 348 (84.5%) [170 (82.5%) in the valsartan/HCTZ group and 178 (86.4%) in the
amlodipine/HCTZ group] completed the study. Reasons for discontinuation were
withdrawal of consent (n = 29) or lost-to-follow up (n = 11). Discontinuation due to adverse
events occurred in 10 patients; six in the valsartan/HCTZ arm and four in the amlodipine/
HCTZ therapy arm.

The demographic and baseline characteristics of subjects were comparable between the two
treatment groups (Table 1). The mean age was 56.0 years and 85.4% of the patients were
<65 years old. The proportion of women was higher (P<0.05) in the amlodipine/HCTZ
group (72%) than in the valsartan/HCTZ group (60%). Overall, 71% of subjects had the
metabolic syndrome and 47% were prediabetic (fasting plasma glucose ≥5.5 and <7.0
mmol/L). There were a total of 18 (4.5%) subjects in the two groups who were pre-diabetic
prior to randomization but had fasting plasma glucose values in the diabetic range at the
randomization visit. Approximately 70% of patients were on prior antihypertensive
medication (55% ACE inhibitor or angiotensin II receptor blocker, 21% diuretic, 9%
calcium channel blocker, 9% beta-blocker) with both treatments having similar distribution.
At the end of the study patients in both groups reduced their body weight by −0.4±3 kg in
valsartan/HCTZ and −0.8±3 kg in amlodipine/HCTZ.

Efficacy
Glucose—From baseline to the end of the study, fasting plasma glucose levels increased
significantly with amlodipine/HCTZ (P=0.01) but not with valsartan/HCTZ therapy
(P=0.66) (Table 2). A similar trend, however, was not observed for hemoglobin A1c as both
groups reported a small increase (0.12–0.15%) from baseline (Table 2). Treatment with
amlodipine/HCTZ was associated with a greater increase (P=0.0001) in postprandial glucose
from baseline [as assessed by AUC from 0 to 120 min] than valsartan/HCTZ (79 mmol/L/
min vs 6.2 mmol/L/min, P=0.0001) after 16 weeks of therapy. This increase in postprandial
glucose after OGTT was greater (P<0.01) compared with the baseline response at all time
points with amlodipine/HCTZ (Fig 2A). In contrast, valsartan/HCTZ therapy did not alter
the glucose response to the OGTT after 16 weeks. The difference between the two groups
was significant (P<0.01) at 0, 60, 90, and 120 min after OGTT.

Insulin—Although fasting insulin increased from baseline values with both amlodipine/
HCTZ (+3.7 uU/ml; P=0.01) and valsartan/HCTZ (+3.4 uU/ml; P=0.12) therapy at the end
of study (Table 2), the fasting levels were not different between the two treatment groups
(P=0.88). In contrast to the results observed for postprandial glucose, subjects receiving
valsartan/HCTZ had a significantly greater increase in insulin response to a glucose load
(P<0.05) than those receiving amlodipine/HCTZ at 30, 60, and 90 min (Fig 2B). The AUC
for postprandial insulin change from baseline was greater (P=0.001) in the valsartan/HCTZ
group compared to the amlodipine/HCTZ group (4006 µU/mL/min vs. 1608 µU/mL/min,
P=0.0012). There was also a greater increase in the insulinogenic index (i.e. early insulin
response) from baseline in subjects receiving valsartan/HCTZ than for the subjects on
amlodipine/HCTZ (Table 2). At the end of the study, correlational analyses between
postprandial insulin and postprandial glucose at the 30 min time point showed no relation to
the amlodipine/HCTZ group (r=0.08, P=0.3); whereas, in the valsartan/HCTZ group there
was a positive relationship (r=0.27, P<0.0005) (Fig 3A). Correlational analyses between
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postprandial insulin and postprandial glucose at 120 min at the end of the study, was
positive for both amlodipine/HCTZ (r=0.56, P<0.0001) and valsartan/HCTZ (r=0.62,
P<0.0001) (Fig 3B).

Other laboratory measures—HOMA-IR increased significantly from baseline with
amlodipine/HCTZ, but the mean change was not significantly different between groups
(Table 2). Plasma hsCRP levels did not change significantly (P>0.05) in either group from
baseline levels (Table 2). Liver enzyme tests for alanine transferase (ALT), aspartate
aminotransferase (AST) and gamma-glutamyl transpeptidase (GGT) showed increases
(P<0.05) from baseline in amlodipine/HCTZ but not in valsartan/HCTZ (Table 2).

Serum potassium declined significantly from baseline in both groups (P<0.05) but smaller
reductions were observed with valsartan/HCTZ (3.99±0.4 mmol/L; −0.25 mmol/L) than
with amlodipine/HCTZ (3.83±0.5 mmol/L; −0.47 mmol/L, P<0.001) (Table 2).
Hypokalemia, defined as a serum potassium decrease >20% from baseline, occurred in 20 %
of those in the amlodipine/HCTZ group compared with 8.1% in the valsartan/HCTZ group.
Correlations between change in serum potassium and fasting and postprandial glucose (r=
−0.06, r=−0.08, respectively), between potassium and fasting and postprandial insulin
(r=0.015, r=0.015, respectively) and between potassium and the insulinogenic index
(r=0.01) were non-significant. It was observed that the insulin responses were not normally
distributed so correlations were retested between the change in serum potassium and the log
transformed fasting and postprandial insulin, however, correlations were still non-significant
(p>0.05).

BP efficacy—At the end of the study (Week 16), treatment with both valsartan/HCTZ and
amlodipine/HCTZ was associated with significant decreases in mean sitting SBP
(−30.6±15.5 mmHg vs. −28.3±12.6 mmHg, respectively) and mean sitting DBP (−14.0±9.9
mmHg vs. −12.7±8.3 mmHg, respectively) from baseline. The magnitude of the reductions
was not significantly different between the two treatment groups for both SBP (P=0.15) and
DBP (P=0.4).

Safety—Both treatment regimens were safe and well tolerated. The overall incidence of
AEs (including type, causality, and severity) was comparable between the two treatments.
Overall, 187 (45.4%) patients experienced at least one AE (39.3% with valsartan/HCTZ and
51.5% with amlodipine/HCTZ) that was mild to moderate in severity. The most common
AEs reported by > 5% of patients in either group were peripheral edema (1.5% valsartan/
HCTZ vs 9.7% amlodipine/HCTZ), upper respiratory tract infection (2.9% valsartan/HCTZ
vs 6.8% amlodipine/HCTZ), and fatigue (5.3% valsartan/HCTZ vs 2.9% amlodipine/
HCTZ). Hypokalemia was reported as an AE only in the amlodipine/HCTZ group (1.9%).

Discussion
The addition of the ARB, valsartan to HCTZ in obese, hypertensive, non-diabetic patients,
minimized the reduction in both serum potassium and the dysglycemic response to an oral
glucose load, when compared to the addition of amlodipine to HCTZ. Indeed, these
differences in the metabolic response occurred despite similar reductions in BP between the
two different combination treatment strategies. Substantially greater increases from baseline
in the post-prandial glycemic excursion, as well as fasting glucose, were observed after
treatment with amlodipine/HCTZ rather than with valsartan/HCTZ. The novel mechanistic
observation was the substantially reduced glucose response to an oral load in the valsartan/
HCTZ group achieved through a preserved glucose-stimulated insulin response, sufficient to
overcome the negative beta cell and insulin resistance effects engendered by HCTZ. This
notion is supported by the correlational analyses indicating that the ARB modulation of the

Sowers et al. Page 6

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

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



HCTZ related increases in postprandial glucose excursions was due to improved insulin
secretion in response to a glucose load.

Previous studies with combined RAS/HCTZ therapy have reported a mitigation of the
fasting hyperglycemia response to diuretic treatment, but the mechanism of this benefit is
unclear [15,16]. There is good evidence to suggest that RAAS blockade can prevent the
deterioration of glucose tolerance by reducing pancreatic oxidative stress and inflammation
and improve pancreatic islet blood flow and islet morphology, thus enhancing beta-cell
function [13,20,21]. Recent studies have also demonstrated a role for RAAS blockade in
improving the early phase beta-cell insulin response to a glucose challenge [22,23]. In the
current study, correlational analyses supports greater insulin responsiveness to ambient
glucose levels in the valsartan/HCTZ group compared to amlodipine/HCTZ (Fig 3A). The
preserved early insulin-glucose response in these patients with obesity and insulin resistance
suggests that RAS blockade corrects the beta cell impairment induced by diuretic therapy.
The mechanisms involved in this beta-cell protection may be related to reductions in Ang II
and aldosterone effects, and reduced inflammation and oxidative stress engendered by
HCTZ therapy [10,13].

The adverse metabolic effects of HCTZ, particularly the inhibition of beta-cell stimulated
insulin release, have generally been associated with reductions in serum potassium [3,4,24].
In this study, correlation analysis between changes in serum potassium and fasting insulin
(r=0.015) and postprandial insulin (r=0.015) revealed no significant correlation (P>0.05).
Even though serum potassium may not be a sensitive marker of total body potassium, the
findings suggest an influence of factors other than hypokalemia alone in the differing
metabolic response observed between the two groups. Several prior studies have reported
persistent negative metabolic effects of combined ACE-inhibitor or ARB and HCTZ therapy
on peripheral insulin sensitivity despite no changes in serum potassium levels [11,16,17]. In
the Study of Trandolapril/Verapamil SR And Insulin Resistance (STAR), the combination of
losartan/HCTZ resulted in an elevated glycemic response to an oral glucose load in patients
who had a serum potassium level (K+ ~4.0 mmol/L) close to normal [9]. These data are in
concert with a prior report that the RAAS blocker may not completely overcome the
negative metabolic effects of the diuretic caused by factors independent of the serum
potassium level [9].

A recent report suggested that peripheral insulin resistance associated with HCTZ therapy
may be linked to liver fat accumulation, with associated increases in liver enzymes, and a
heightened plasma inflammatory response (e.g. increases in hsCRP) [2,5]. Interestingly, in
our study there were significant increases in the liver enzymes, ALT, AST and GGT, from
baseline for patients in the amlodipine/HCTZ group but not in valsartan/HCTZ group.
Diuretic therapy has been shown to affect basal hepatic glucose production through
inhibition of hepatic insulin sensitivity and this may be an important effect to link to the
observed increase in fatty liver in obese patients with HCTZ therapy [12]. Despite evidence
for a heightened inflammatory response to diuretic therapy and a reduced inflammatory
response with added ARB, as reported in previous studies [2,15], we did not find a
significant difference in the plasma hsCRP response between valsartan/HCTZ and
amlodipine/HCTZ. Thus, the HCTZ induced inflammation does not appear to be influenced
by the addition of an ARB [5].

There is accumulating experimental [10,23–25] and clinical [2,11,27–29] evidence
suggesting that blockade of the RAS improves insulin sensitivity and glucose metabolism.
Cardiovascular outcome studies, including the VALUE study with valsartan, have
demonstrated that ARB therapy may delay the onset of new-incidence diabetes in
hypertensive patients [27–29]. In the VALUE study, valsartan was more effective than the
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calcium-channel antagonist, amlodipine, in the prevention of new-onset of diabetes [29].
This benefit of valsartan was also observed in patients receiving concomitant diuretics/beta-
blockers. Moreover, therapy with valsartan not only reduced the development of diabetes,
but also reduced the number of patients progressing from normal fasting glucose to impaired
fasting glucose compared to amlodipine [29]. Perhaps the mechanism for ARBs to improve
metabolic function may involve effects RAS blockade related to pancreatic, hepatic and
peripheral insulin action, all contributing to a delay in the progression of normoglycemia to
impaired glucose metabolism and new onset diabetes [9]. In our study, the addition of the
ARB valsartan to HCTZ was able to restore beta-cell insulin secretory responsiveness to an
oral glucose load but not to totally overcome the negative effects of the diuretic on
peripheral insulin sensitivity.

Perspectives
In the current study, conducted in non-diabetic, obese patients with hypertension, there was
a reduced glycemic response to a glucose challenge in the group of patients treated with
valsartan/HCTZ, as opposed to the group of patients treated with combination amlodipine/
HCTZ. The novel observation in this investigation was that treatment with an ARB, but not
a dyhydropyridine calcium antagonist, in addition to HCTZ reduced the glycemic load in
response to a glucose challenge through a preserved glucose-stimulated insulin release. The
study was designed to examine the metabolic effects of combining the RAS blocker, with
HCTZ and to compare it to HCTZ therapy. In order to limit differences in BP between the
two groups, the metabolically neutral drug amlodipine [27] was used in the comparative
treatment regimen. It should also be noted that our study was of a short-duration (16 weeks),
and dictates further long-term evaluation of the metabolic effects of HCTZ and ARB therapy
on both insulin secretion and sensitivity.

We conclude that adding a RAS blocker is an important strategy to limit the negative
metabolic effects of diuretic therapy, particularly in patients susceptible to the development
of diabetes, such as the obese hypertensive [9–10]. Future research should focus on how
diuretic therapy chronically affects pancreatic beta cell function, as well as insulin metabolic
signaling in order to better understand the mechanisms by which ARBs improve insulin
secretion in this setting.
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Figure 1. Study design
Randomization occurred at baseline (Week 0), followed by forced titration of doses at Week
4, 8, and 12. HCTZ=hydrochlorothiazide; R=randomization; S=screening.
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Figure 2. Patient Disposition
Postprandial glucose (A) and insulin (B) after OGTT challenge at baseline and end of study.
EOS=end of study
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Figure 3.
Pearson product correlations between postprandial insulin and postprandial glucose at 30
(A) and 120 (B) min at the end of the study.

Sowers et al. Page 16

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

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sowers et al. Page 17

Table 1

Demographic and Baseline Characteristics of Trial Subjects

Valsartan/HCTZ
(n=206)

Amlodipine/HCTZ*
(n=206)

Age, y

 Mean ± SD, y 56.5±8.6 55.4±8.5

 Range 40–85 40–82

 <65 y, n (%) 172(83.5) 180(87.4)

 ≥65 y, n (%) 34(16.5) 26 (12.6)

Sex, n (%)

 Men 82 (39.8) 58 (28.2)

 Women 124 (60.2) 148(71.8)

Race, n (%)

 White 103 (50.0) 109 (52.9)

 Black 67 (32.5) 59 (28.6)

 Hispanic 28(13.6) 34(16.5)

 Other (including Asian) 8(3.9) 4(1.9)

Prior antihypertensive**, n(%) 144 (69.9) 146 (70.9)

Diabetes status, n (%)– based on fasting plasma glucose

 Normoglycemia¶ 94 (47.7) 93 (45.6)

 Pre diabetes§ 93 (47.2) 99 (48.5)

 Diabetes‡ 8(4.1) 10(4.9)

Metabolic syndrome† n (%) 144 (69.9) 150(72.8)

Estimated GFR, mean ± SD, mL/min/1.73 m2 72.3±13.8 73.4±13.1

BMI, mean ± SD, kg/m2 34.8±6.9 35.2±7.3

Waist circumference, mean ± SD, cm 109.6±13.3 109.0±15.7

MSSBP, mean ± SD, mmHg 159.7±7.9 158.9±7.6

MSDBP, mean ± SD, mmHg 94.9±7.9 93.6±8.1

Standing SBP, mean ± SD, mmHg 158.6±12.2 158.4±11.2

Standing DBP, mean ± SD, mmHg 97.2±9.3 96.0±9.4

HDL-C, mean ± SD, mmol/L 1.3±0.4 1.3±0.3

LDL-C, mean ± SD, mmol/L 2.7±0.7 2.9±0.8

Triglycerides, mean ± SD, mmol/L 1.7±1.0 1.6±0.8

GFR=glomerular filtration rate; BMI=body mass index; MSSBP=mean sitting systolic blood pressure MSDBP=mean sitting diastolic blood
pressure; HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol

*
Subjects received amlodipine at Week 8 and Week 12

**
Use of antihypertensive medication during the 30 days prior to screening.

¶
Fasting plasma glucose <5.5 mmol/L at baseline.

§
Fasting plasma glucose ≥5.5 mmol/Land <7 mmol/L at baseline
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‡
Fasting plasma glucose ≥7 mmol/L at baseline. At the time of randomization, these patients were prediabetic and enrolled in the study.

Immediately after randomization, baseline measures were determined when these subjects had a fasting plasma glucose ≥7 mmol/L

†
Subjects were hypertensive and obese, hence only one or more of the following criteria were required to be diagnosed with the metabolic

syndrome: fasting plasma glucose ≥5.5 mmol/L, high density lipoprotein cholesterol <1 mmol/L in men or < 1.3 mmol/L in women, and fasting
triglycerides ≥1.7 mmol/L.
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Table 2

Metabolic Measures and Plasma Inflammatory Markers, at Baseline and End of Study and Change From
Baseline

Valsartan/HC
TZ

(n=197)

Amlodipine/HCTZ
(n=204)

P value
between
groups

Fasting plasma glucose

 Baseline, mmol/L 5.4±0.9 5.5±1.1

 EOS, mmol/L 5.4±0.9 5.7±1.0

 Change, mmol/L 0.0±0.8 0.2±1.0* 0.005

Fasting plasma insulin

 Baseline, µU/mL 19.7±20.4 20.4±20.6

 EOS, µU/mL 23.4±26.0 23.6±19.3

 Change, µU/mL 3.4±28.4 3.7±19.2* 0.88

Hemoglobin A1c

 Baseline, % 5.85±0.42 5.86±0.39

 EOS, % 5.96±0.42 6.01±0.44

 Change, % 0.12±0.22* 0.15±0.25* 0.12

HOMA-IR

 Baseline 5.1±7 5.3±7

 EOS 6.0±7 6.4±6

 Change 0.7±8 1.2±6* 0.49

Insulinogenic index

 Baseline, (µU/mL)/(mmol/L) 27.5±22 28.2±32

 EOS, (µU/mL)/(mmol/L) 40.8±45 26.8±31

 Change, (µU/mL)/(mmmol/L) 14.6±45* 1.5±32 0.002

hsCRP

 Baseline, median, mg/L 2.48 2.52

 EOS, mg/L 2.9 3.0

 Change, mg/L 0.30* 0.38* 0.38

Serum potassium

 Baseline, mmol/L 4.24±0.4 4.30±0.4

 EOS, mmol/L 3.99±0.4 3.83±0.5

 Change, mmol/L −0.25±0.4* −0.47±0.5* 0.001

ALT =

 Baseline, U/L 16.4±7.7 15.8±8.4

 EOS, U/L 17.1±10.5 17.9±12.5

 Change, U/L 0.6±7.4 2.0±9.8* 0.14

AST

 Baseline, U/L 17.2±4.7 16.9±4.8

 EOS, U/L 17.4±6.4 18.5±9.9

 Change, U/L 0.1±5.1 1.6±9.4* 0.06
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Valsartan/HC
TZ

(n=197)

Amlodipine/HCTZ
(n=204)

P value
between
groups

GGT

 Baseline, U/L 20.1±11.2 18.4±9.9

 EOS, U/L 20.8±11.8 21.0±15.4

 Change, U/L 0.8±7.6 2.6±10.6* 0.07

EOS = end of study

HCTZ=hydrochlorothiazide; HOMA-IR=homeostasis model assessment of insulin resistance (fasting glucose[mmol/L] X fasting insulin[µU/mL]/
22.5); Insulinogenic indext=(30-min insulin level-fasting insulin)/(30-min plasma glucose – fasting plasma glucose); hsCRP=high sensitivity C-
reactive protein; ALT (SGPT)=alanine aminotransferase; AST (SGOT)= aspartate aminotransferase, GGT = gamma-glutamyl transpeptidase

All values represent mean or mean change from baseline, except hsCRP, which is reported as median and median change from baseline.

*
Significant change from baseline (P<0.05).
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