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Telmisartan Effects on Insulin Resistance
in Obese or Overweight Adults Without
Diabetes or Hypertension
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Angiotensin receptor blockers (ARBs) are
antihypertensive agents associated with reduced
risk of new-onset diabetes mellitus. The ARB
telmisartan is a partial agonist of peroxisome
proliferator–activated receptor-gamma (PPAR-c).
This study evaluated the effect of telmisartan on
insulin resistance, a known target of PPAR-c
agonism. Overweight ⁄ obese persons with body
mass index �28 kg ⁄ m2, waist circumference �35
inches, and components of the metabolic
syndrome without hypertension or diabetes who
were not preselected for insulin resistance were
enrolled. Patients were randomized to telmisartan
or matching placebo for 16 weeks. The primary
efficacy measure was changed from baseline in
the insulin sensitivity index (SI), calculated from
oral glucose tolerance testing. SI was also evalu-
ated in a subset of patients using a hyperinsuline-
mic euglycemic clamp. Secondary end points
included measures of insulin sensitivity and
glucose and lipid metabolism. A total of 138

patients were randomized and received �1 dose
of study medication; 128 completed the study. At
end point, no significant difference was found
between telmisartan and placebo groups
regarding change from baseline in SI or in
glucose area under the curve. No significant
between-group differences were found regarding
glucose metabolism or lipoprotein levels. In the
population with abdominal obesity and
components of the metabolic syndrome,
telmisartan did not increase insulin sensitivity.
J Clin Hypertens (Greenwich). 2010;12:746–752.
ª2010 Wiley Periodicals, Inc.

Angiotensin II receptor antagonists (angiotensin
receptor blockers [ARBs]) are widely used

clinically as antihypertensive agents. In addition to
reducing blood pressure (BP), ARBs attenuate
cardiovascular risk via suppression of the renin-
angiotensin system (RAS) mediated by antagonism
of the angiotensin II (AT1) receptor.1 Studies
demonstrate that ARBs not only reduce the risk of
cardiovascular events but are also associated with
regression of target organ damage secondary to
RAS activation, including left ventricular hyper-
trophy, congestive heart failure, and nephropathy.

ARBs are also associated with a reduced inci-
dence of new-onset diabetes mellitus (DM). In the
Losartan Intervention for Endpoint Reduction in
Hypertension (LIFE) study,2 risk of new-onset DM
was 25% lower among patients receiving losartan
vs those receiving the b-blocker atenolol (95% con-
fidence interval [CI], 12%–37%; P<.001). In the
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With Ramipril Global Endpoint Trial (ONTARGET),3

the rate of new-onset DM was similar with telmi-
sartan and the angiotensin-converting enzyme
inhibitor ramipril (odds ratio, 1.12; 95% CI,
0.97–1.29). A meta-analysis of 5 studies showed
that ARBs significantly reduced the incidence of
new-onset DM among potential high-risk nondia-
betic patients vs placebo (odds ratio, 0.76; 95%
CI, 0.70–0.82).4

Preclinical studies show that telmisartan is a
partial agonist of peroxisome proliferator–acti-
vated receptor-gamma (PPAR-c), a ligand-activated
nuclear receptor involved in the regulation of aspects
of lipid and carbohydrate metabolism.5 Activation of
PPAR-c is recognized as a principal activity of the
thiazolidinedione class of insulin-sensitizing oral an-
tidiabetic drugs, which includes pioglitazone and ros-
iglitazone.6 Telmisartan shares structural homology
with pioglitazone, and in vitro studies show that it is
a selective partial agonist of PPAR-c of moderate
potency (approximately 25%–30% of pioglitazone
activity) and no PPAR-a or PPAR-d activity.5,7

PPAR-c agonism appears specific to telmisartan
rather than to a class effect of ARBs. Studies compar-
ing telmisartan with other ARBs demonstrate greater
effects for telmisartan on glucose and lipid metabo-
lism, including reductions in measures of insulin
resistance (IR) (fasting plasma glucose [FPG], fasting
plasma insulin [FPI], glycosylated hemoglobin
[HbA1c], total cholesterol [TC], low-density lipopro-
tein cholesterol [LDL-C], and triglycerides [TG];
P<.05 for all comparisons).8,9 In one study, hyper-
tensive patients with type 2 DM and poor glucose
control achieved improved insulin sensitivity and
reduced HbA1c after being switched to telmisartan
from stable treatment with other ARBs.10

Because of the potential of telmisartan to medi-
ate IR, also via effects on PPAR-c, we conducted a
study of its effects on parameters of IR in over-
weight or obese insulin-resistant patients. The study
was conducted with normotensive individuals to
help discern metabolic effects from those possibly
related to BP reduction. Further, patients were
required to be nondiabetic at baseline to eliminate
confounding effects of antidiabetic medications on
IR. Patients were considered to be insulin resistant
and at elevated risk for DM or the metabolic syn-
drome (MetS) if they were obese or overweight and
had components of MetS.

DESIGN ⁄ METHODS
This phase II, prospective, randomized, double-
blind, placebo-controlled, parallel-group, proof-of-
concept study was conducted in the United States

(8 centers), Canada (4), Germany (3), Italy (2), and
Denmark (1) in accordance with the Declaration of
Helsinki and the International Conference on Har-
monised Tripartite Guideline for Good Clinical
Practice Study. Protocols were approved by the
applicable institutional review board or ethics com-
mittee, and the study is registered at ClinicalTrials.gov
(NCT00146289).

Patients
Participants (age 18–65 years) were enrolled with a
targeted enrollment of 120. Entry criteria included
obese or overweight (body mass index [BMI]
�28 kg ⁄m2); sedentary lifestyle (not engaging in
vigorous activity >30 min ⁄d, for >2 times weekly);
waist circumference �40 in (102 cm) in men or
�35 in (89 cm) in women; nondiabetic (HbA1c

�6.5%, FPG �126 mg ⁄dL); TG �150 mg ⁄dL and
�500 mg ⁄dL; and normotensive (BP �110 ⁄64 and
�140 ⁄90 mg ⁄dL).

Persons taking antihypertensive medication, DM
medications, medications known to alter insulin
sensitivity (eg, statins), steroids, glucocorticoids,
niacin, nicotinic acid, antipsychotic ⁄antidepressant
drugs, or other drugs (including over-the-counter
and herbal preparations) known to affect metabolic
function were excluded to isolate the effect of tel-
misartan. Patients were not stratified by IR.

Treatments
Patients meeting inclusion ⁄exclusion criteria were
randomized in a 1:1 manner to receive either telmi-
sartan (80 mg ⁄d for 2 weeks, then uptitrated to
160 mg ⁄d for 14 weeks) or matched placebo dur-
ing the 16-week, double-blind study period. Blind-
ing consisted of 1 tablet of 80-mg telmisartan and
1 tablet of matching placebo once daily for the ini-
tial 2 weeks, followed by 2 tablets of telmisartan
80 mg or 2 tablets of placebo once daily for
14 weeks. Compliance was monitored via pill
counts and assessment of plasma direct renin levels,
which were not reported until study end to main-
tain blinding. Patients were instructed to maintain
constant weight, exercise levels, and eating habits
during the study.

Outcome Measures
Efficacy. The study was designed to evaluate
whether treatment with telmisartan would increase
insulin sensitivity. Patients were assessed using a
3-hour oral glucose tolerance test (OGTT). In
addition, a subset of approximately 32 patients
was assessed using a 5-hour, 2-step (low-dose
insulin infusion: 60 mU ⁄m2 ⁄min; high-dose insulin
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infusion: 120 mU ⁄m2 ⁄min) hyperinsulinemic eugly-
cemic clamp procedure. The primary efficacy vari-
able was the adjusted mean change from baseline
to study end in the insulin sensitivity index (SI), cal-
culated as the composite index (SI[composite]) from
the OGTT.11 Secondary efficacy variables included
changes from baseline to end point in FPG and
serum insulin and various measures of glucose and
insulin sensitivity (using OGTT and clamp proce-
dures) and changes in circulating levels of inflam-
matory markers (adiponectin and high-sensitivity
C-reactive protein [CRP]) and lipids ⁄ lipoproteins
(TG, TC, LDL-C, high-density lipoprotein choles-
terol [HDL-C], free fatty acids). OGTT assessments
included insulin secretion capacity using C-peptide
(D0–30 min), area under the curve (AUC) for insulin
and glucose, and ratio of AUCglucose divided by
AUCinsulin. Hyperinsulinemic euglycemic clamp pro-
cedure assessments included glucose disposal rate
(GDR), calculated as the mean glucose infusion rate
required to maintain euglycemia during the final
30 minutes of high- and low-dose insulin infusions,
and insulin SI, calculated as the ratio of GDR to
circulating insulin level.

Safety. Safety was assessed by report of adverse
events (AEs). Physical examination and laboratory
and electrocardiography (ECG) studies were con-
ducted at baseline and study end and assessed for
changes. BP and pulse rate were monitored at each
study visit.

Sample Size and Randomization
Evidence indicates that a 20% increase in the insu-
lin SI may be clinically meaningful. There are lim-
ited data on use of OGTT to generate this index;
therefore, it was not possible to reliably power the
study to detect a 20% improvement. A sample size
of 50 evaluable patients per group was considered
sufficient to estimate the magnitude of a telmisartan
treatment effect vs placebo. In addition, a sample
size of 15 patients per arm in the hyperinsulinemic
euglycemic clamp subgroup was deemed sufficient
to detect statistically significant differences between
study arms.

The randomization schedule used a validated
system employing a pseudorandom number genera-
tor to produce a schedule (in a 1:1 ratio with a
block size of 4) that was reproducible and nonpre-
dictable. Access to the randomization schedule was
restricted to the pharmaceutics department and
clinical trial support staff (who generated the ran-
domization code ⁄ labels and packaged the clinical
supplies); persons directly involved in study conduct

and ⁄or analysis had no access to treatment alloca-
tion until database lock after completion of the
clinical phase.

Data Analysis
Baseline demographics and disease data were sum-
marized for each treatment group and overall.
Analysis for primary and secondary efficacy vari-
ables was planned using a 2-sided Wilcoxon rank
sum test stratified by center at an a level (type I
error rate) of 0.05. Regarding the primary efficacy
variable, rejection of the null hypothesis would
show that telmisartan and placebo differed in their
effect on the OGTT insulin SI. Based on methods
to evaluate effects on insulin sensitivity, however, it
was decided that statistical analysis of the primary
end point should instead use analysis of covariance
(ANCOVA). ANCOVA was also used for second-
ary testing of the primary end point and for testing
of all secondary end points. The analysis using a 2-
sided Wilcoxon rank sum test stratified by center
was retained for the primary end point, and the
insulin SI (low- and high-dose) was assessed using
the clamp procedure.

Because this was a proof-of-concept study, the
primary analysis was on a per-protocol (PP) analy-
sis set, comprising all patients without significant
protocol violations relevant to the primary efficacy
end point. Secondary end points were analyzed
using the full analysis set (FAS), comprising all ran-
domized patients.

Planned analyses (on the PP set) used ANCOVA
to evaluate any treatment effects on insulin SIs
based on the OGTT and clamp procedure in the
following predefined patient subgroups: patients
with baseline SI(Composite) <2, �2, or <3;
patients with baseline low-dose GDR <median
value or �median value (median value was deter-
mined to be 3.82); and patients with baseline high-
dose GDR <median value or �median value
(median value was determined to be 7.425).
Patients were excluded from these subgroup analy-
ses if they had questionable OGTT results based on
derivation of standard error of the mean (SE)
(MinModel).

Additional subgroup analyses were conducted on
patients who did not undergo weight change from
baseline to study end of �3% (which might have
affected insulin sensitivity) and excluded patients
treated with telmisartan who demonstrated a reduc-
tion or little change in direct renin (which suggested
noncompliance with telmisartan).

Safety analysis was conducted on all patients
who received �1 dose of study drug. Descriptive
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statistics were developed for AEs, AEs leading to
discontinuation, AEs by severity, and serious AEs.
Clinically significant changes from baseline to end
point for BP, pulse rate, ECG findings, and physi-
cal examination and laboratory results were also
evaluated.

RESULTS
A total of 308 participants were enrolled, 138 of
whom met the inclusion ⁄exclusion criteria and were
randomized to receive study drug (69 patients each
for the telmisartan and placebo groups). The most
common reasons for exclusion were failure to meet
TG inclusion criteria and use of prohibited con-
comitant therapy.

Of the randomized patients, 128 completed the
study (64 per treatment group). Ten patients
(7.2%) discontinued after receiving �1 dose of
study drug (5 [7.2%] from each group); 5 patients
(3.6%) discontinued because of AEs (2 [2.9%] in
the placebo group and 3 [4.3%] in the telmisartan
group); and 5 were lost to follow-up (3 [4.3%] in
the placebo group and 2 [2.9%] in the telmisartan
group).

Table I shows baseline demographic, physical,
and laboratory data. Treatment groups were well
matched for baseline age, weight, BMI, and other
physical and laboratory parameters. There were
slightly more men in the placebo group (43 [62.3%])
than in the telmisartan group (37 [53.6%]).
Approximately 95% of patients in both groups were
white.

Table II summarizes treatment group means at
baseline and end point and adjusted mean changes
from baseline for the primary and selected second-

ary efficacy variables. Regarding the primary effi-
cacy variable, change from baseline to end point in
SI(Composite) based on 3-hour OGTT, adjusted
mean change (SE) was 0.30 (0.324) in the placebo
group and 0.19 (0.356) in the telmisartan group;
there was no significant difference between groups
(difference, )0.11; P=.8217).

There were no significant between-group differ-
ences regarding change from baseline to end point
in FPG, fasting serum insulin, insulin secretion
capacity (C-peptide), AUCglucose, AUCinsulin, or the
AUCglucose ⁄AUCinsulin ratio. Similarly, there were no
differences between groups regarding changes in
serum lipids or inflammatory markers (high-sensi-
tivity CRP or adiponectin).

Variables assessed using the hyperinsulinemic eu-
glycemic glucose clamp procedure (with analyses
based on both PP and FAS), including GDR and
insulin SI [IS(Clamp) = GDR ⁄ I] also demonstrated
no significant differences between groups regarding
change from baseline to end point. Table III sum-
marizes observed treatment group mean baseline
and final IS(Clamp) and GDR values and adjusted
mean changes from baseline, for the low- and high-
dose conditions.

Regarding the planned subgroup analyses, there
were no differences between treatment groups
within subgroups predefined according to baseline
SI(Composite), baseline low-dose GDR, or baseline
high-dose GDR for any primary or secondary effi-
cacy end points (data not shown).

Although not evaluated as a secondary end
point, reduction of BP between the active and pla-
cebo groups was measured throughout the study.
Patients receiving telmisartan had a 6.7% change in

Table I. Baseline Demographic, Physical, and Laboratory Parameters (All Randomized Patients)

Parameter

Treatment Group

Overall (N=138)Placebo (n=69) Telmisartan (n=69)

Mean age, y (SD) 45.2 (11.7) 43.3 (11.9) 44.2 (11.8)
Men, % 62.3 53.6 58.0
Mean weight, kg (SD) 105.5 (24.1) 103.8 (19.7) 104.7 (21.9)

Mean BMI, kg ⁄ m2 (SD) 35.26 (5.26) 35.36 (5.54) 35.31 (5.38)
Mean waist circumference, cm (SD) 112.33 (13.68) 112.16 (14.02) 112.20 (13.80)
Mean HbA1c, % (SD) 5.5 (0.4) 5.5 (0.4) 5.5 (0.4)

Mean HDL-C, mg ⁄ dL (SD)a 44.7 (12.3) 42.4 (9.9)
Mean LDL-C, mg ⁄ dL (SD)b 128.0 (36.2) 128.4 (38.7)
Mean TG, mg ⁄ dL (SD) 229.9 (93.9) 221.9 (99.7) 225.9 (96.5)
Mean systolic BP, mm Hg (SD) 124.6 (8.0) 122.8 (9.3) 123.7 (8.7)

Mean diastolic BP, mm Hg (SD) 78.5 (6.2) 77.1 (7.4) 77.8 (6.8)

Abbreviations: BP, blood pressure; BMI, body mass index; HbA1c, glycosylated hemoglobin A1c; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein; SD, standard deviation; TG, trigylcerides. aBased on full analysis set

(FAS); placebo (n=64) and telmisartan (n=63). bBased on FAS; placebo (n=60) and telmisartan (n=55).
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systolic BP vs a 0.5% in the placebo group. A
6.6% change in diastolic BP was seen in the telmi-
sartan group vs 0.9% in the placebo group.

Regarding safety, 61 (44.2%) of 138 random-
ized patients reported �1 AEs during the study.
The incidence of AEs was similar between treat-
ment groups: AEs were reported by 32 of 69
patients (46.4%) from the placebo group, 8 of 69
patients (11.6%) from the telmisartan group during
the 2-week standard-dose (80 mg ⁄d) phase, and 25
of 68 patients (36.8%) from the telmisartan group
during the 14-week high-dose (160 mg ⁄d) phase.
The incidence of AEs considered by investigators to
be drug-related was also similar between groups (7
[10.1%] in the placebo group and 8 [11.6%] in the
telmisartan group), as was the rate of discontinua-
tion due to AEs (placebo, 2.9%; telmisartan,
4.3%).

One patient (in the telmisartan group) reported
2 serious AEs (pneumonia and diarrhea). These
were not considered related to study drug; the
patient recovered from both AEs and subsequently
discontinued participation.

DISCUSSION
This study demonstrated that telmisartan, relative
to placebo, was well tolerated in this population at
a dose level twice that normally prescribed for
treatment of hypertension. However, telmisartan
failed to demonstrate significant beneficial effects
on parameters of insulin sensitivity and glucose
metabolism in a population of normotensive, non-
diabetic patients with clinical evidence of IR. This
could have been secondary to the fact that there
was no stratification to insulin-resistant patients or
that the available methodology was not sensitive
enough to detect small, subclinical effect.

Patients were enrolled based on abdominal obes-
ity, elevated TG levels, and sedentary lifestyle and
thus at significant risk for IR, which is considered
an underlying characteristic of MetS. Obesity and
TG levels >150 mg ⁄dL are 2 of 5 criterion compo-
nents of MetS according to the National Choles-
terol Education Program definition; patients with
�3 components are considered to have MetS.12 In
this population, mean values for FPG and HDL-C,
2 other MetS components, suggest that a significant
proportion of patients may have had �1 additional
component and thus crossed the diagnostic thresh-
old for MetS. Although laboratory-confirmed IR
(ie, elevated plasma insulin levels or reduced GDR)
was not an inclusion criterion, post hoc analysis
limited to patients with elevated baseline plasma
insulin levels and GDR also failed to demonstrate

beneficial effects of telmisartan treatment relative to
placebo on either insulin sensitivity or glucose
metabolism.

Noteworthy is that given the parameters of the
study population at baseline regarding measures of
IR and glucose metabolism (including standard
deviations as well as mean values), these patients
probably exhibited a wide range of insulin sensitiv-
ity. The importance of this diversity on the study
results is unknown; however, subgroup analysis
according to baseline IR has not demonstrated any
difference between telmisartan and placebo in the
moderate and severe IR groups.

The results of this study do not eliminate the
possibility that telmisartan may exert a positive
impact on glucose metabolism via mechanisms
other than PPAR-c agonism. Nor do they unequiv-
ocally exclude PPAR-c agonism as a contributing
mechanism to positive effects of telmisartan on
FPG, FPI, and serum lipoproteins observed in stud-
ies that enrolled patients with DM, hypertension,
and ⁄or MetS.8–10 The results, derived using an
established sensitive model of IR, including the
hyperinsulinemic euglycemic pump (considered the
gold standard for insulin sensitivity), suggest that
effects of telmisartan on IR or other diabetic
parameters probably cannot be attributed to a sig-
nificant degree to its partial agonistic action on
PPAR-c.

‘‘Isolated’’ IR (in the absence of hypertension or
glucose intolerance) is an important emerging thera-
peutic target, as shown in a study in which thiazo-
lidinedione treatment reversed coronary vasomotor
derangements in a population of insulin-resistant
adults without glucose intolerance or other cardiac
risk factors.13 Therefore, studies to characterize the
potential effect of partial PPAR agonists, such as
telmisartan, on glucose and lipid metabolism, are
warranted. Further, studies should be initiated to
clarify the underlying beneficial metabolic effects of
telmisartan, independent of its partial PPAR agon-
ism effect.

CONCLUSIONS
Telmisartan (160 mg ⁄d) was well tolerated in this
population of normotensive, nondiabetic patients;
however, telmisartan did not show significant effect
on insulin sensitivity. Additional studies of telmisar-
tan in a range of populations may help better char-
acterize its impact on glucose and lipid metabolism
and on possible contributory mechanisms.
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