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ORIGINAL ARTICLE

Metabolic effects of telmisartan in subjects with abdominal obesity:
A prospective randomized controlled trial
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SALIM YUSUF?, SONIA S. ANAND? & ARYA M. SHARMA*

IMcMaster University, Hamilton, Ontario, Canada, >Madella Clinical Research Consulting, 53-7 Southside Place,
Hamilton, Ontario, Canada, 3Population Health Research Institute, McMaster University and Hamilton Health
Sciences, Hamilton, Ontario, Canada, and *University of Alberta, Royal Alexandra Hospital, Edmonton, Alberta, Canada

Abstract

Background. Abdominal obesity, characterized by ectopic fat deposition in skeletal muscle and liver tissue, has been
associated with insulin resistance and increased risk for type 2 diabetes mellitus. The aim of this study was to evaluate
whether treatment with the angiotensin II type 1 (AT-1) receptor blocker telmisartan can reduce intramyocellular lipid
(IMCL) and hepatic fat storage, thereby improving insulin sensitivity among individuals with abdominal obesity. Methods.
Ninety-five adults with abdominal obesity (body mass index =30 kg/m? and waist circumference > 102 cm in men and
>88 cm in women) were randomized to double-blind treatment with telmisartan or placebo for 24 weeks. Following 4
weeks of 80 mg telmisartan per day, the dose was increased to 160 mg telmisartan for the duration of the study. Soleus
muscle IMCL and liver fat content were assessed by !H-magnetic resonance imaging (!H-MRI) spectroscopy. Secondary
outcomes included changes in body composition, plasma lipids, glucose profiles, insulin sensitivity, beta-cell function and
total adiponectin levels. Results. There was no significant effect of telmisartan in abdominally obese individuals consuming
either a low or high glycemic diet, on IMCL content (5.73 £1.11 vs 6.11+1.11; p=0.13) or liver fat (0.08 =0.05 vs
0.09 £0.05; p=0.60). Body composition, lipid and glucose profiles, insulin sensitivity and adiponectin were likewise
unaffected. Beta-cell function, as determined by the insulinogenic index (IGI), improved significantly (19.3 = 13.7 vs
22.5+17.6; p=0.03; 16.5% increase from baseline in the telmisartan group). Conclusions. Telmisartan increased beta-cell
function but did not decrease IMCL or liver fat content or other metabolic parameters among individuals with abdominal
obesity.
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Introduction . . .. . .
adipocyte differentiation, thereby diverting excess fat

Abdominal adiposity and ectopic lipid deposition in
skeletal muscle and visceral organs like the liver or
pancreas are implicated in the pathogenesis of insulin
resistance and type 2 diabetes mellitus (1). A sig-
nificant body of evidence suggests that blockade of
the renin—angiotensin system (RAS) with angio-
tensin-converting enzyme (ACE) inhibitors or angio-
tensin II type 1-receptor (AT-1) blockers (ARBs)
may reduce the incidence of type 2 diabetes (2,3).
Based on our previous observations that angiotensin
(Ang) II inhibits adipocyte differentiation via an
AT-1 receptor-dependent mechanism (4), we hypo-
thesized that AT-1 receptor blockade would increase

away from tissues such as skeletal muscle, liver and
pancreas, thus reducing the risk for insulin resistance
and subsequent diabetes (5).

Telmisartan is a highly selective lipophilic AT-1
blocker, widely used for the treatment of hyperten-
sion (6). Recent studies have demonstrated that
telmisartan is also a partial peroxisome proliferation-
activator receptor gamma (PPARg) agonist (7).
PPARg agonists like thiazolodinediones are a group
of compounds that increase insulin sensitivity and
reduce ectopic fat deposition and are effective in the
prevention and treatment of type 2 diabetes mellitus
(8,9). Data from numerous recent studies suggest

Correspondence: V.T. Chetty, St Josephs Hospital, 1.402-3 SJH, 50 Charlton Ave East, Hamilton, ON, L8N 4A6, Canada. E-mail: chetty@hhsc.ca

(Received 12 December 2012; accepted 13 March 2013)

ISSN 0803-7051 print/ISSN 1651-1999 online © 2014 Scandinavian Foundation for Cardiovascular Research

DOI: 10.3109/08037051.2013.791411



that the AT-1 agonist telmisartan, either as a result
of its AT-1 antagonistic and/or PPARg agonistic
properties, may also have beneficial metabolic effects
including improvements in glucose and lipid profiles
(10-14), adipokine levels (15,16) and/or fat distribu-
tion and body weight (8).

The aim of the present study was to test the
hypothesis that treatment with telmisartan will reduce
intramyocellular lipid IMCL) and hepatic fat stor-
age, thereby improving insulin sensitivity as well as
glucose and lipid metabolism in individuals with
abdominal obesity.

Methods
Participants

We studied men and women aged between 30 and
70 years, with abdominal obesity (body mass index,
BMI =30 kg/m? and waist circumference >102 cm
in men and >88 cm in women), with or without
additional features of the metabolic syndrome as
defined by the Third Report of the Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III)
(17). Principal exclusion criteria included, previous
treatment (prior 3 months) with or current indica-
tions (e.g. post-myocardial infarction, heart failure,
proteinuria, etc.) for blockers of the RAS, type 2
diabetes mellitus, uncontrolled hypertension (SBP
=160 mmHg and/or DBP=100 mmHg), serum
creatinine > 130 umol/l, unacceptable contraception
(in women of child-bearing age), other relevant
medical disorders and contraindications to magnetic
resonance imaging (MRI). Participants were recruited
through advertisement in local media and underwent
a telephone screening, followed by a screening
visit. The study protocol was approved by the local
ethical committee and carried out in accordance with
the Declaration of Helsinki as revised in 2000. All
participants gave informed consent. The trial is
publicly registered with ClinicalTrials.gov with the
number NCT00147264.

Trial design

The 30-week prospective randomized study con-
sisted of a 4-6-week single-blind placebo run-in
period, during which participants received dietary
counseling to adapt to a weight-maintaining diet
containing 55% of energy as carbohydrate (CHO),
30% as fat (< 7% saturated) and 15% as protein (as
documented in 3-day food records conducted
throughout the study) (18). Participants were also
instructed to maintain their habitual level of physical
activity. This was assessed with physical activity
questionnaires and the use of an accelerometer
(Actical® Physical Activity Monitor, Mini Mitter
Co., Inc., Bend, OR, USA). After completion of the
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run-in period and following a baseline assessment,
participants were randomized to telmisartan or pla-
cebo and a weight-maintaining low or high glycemic
index diet, according to a two-by-two factorial
design. Importantly both dietary interventions were
isocaloric. Specifics of the low-glycemic dietary
intervention and relevant outcomes will be reported
separately. Following 4 weeks of once-daily telmis-
artan 80 mg or placebo, all participants were “force-
titrated’ to telmisartan 160 mg or placebo for another
20 weeks. Participants were seen monthly during the
randomization phase of the study, with the exception
of a safety visit, scheduled 1-week after up-titration
of telmisartan/placebo. Participants were instructed
to take their medications in the morning after break-
fast, except on the days of the clinic visits, on which
the assigned drug was taken after completion of all
investigations. Adverse events, intercurrent illnesses
and participant compliance to the dosing regimen
(assessed by counting the number of pills returned
at the clinic visits) were monitored monthly.

Measurements

All of the measurements including biochemical and
imaging were assessed in a blinded fashion, i.e. with-
out knowledge of patient allocation. Biochemical
measurements were performed after an overnight
fast at baseline and after 24 weeks on treatment.
Anthropometric measurements were taken in a
standing position. BMI was calculated as the ratio of
weight (kg) to height? (m?). Waist circumference was
measured with a tape measure placed horizontally
around the abdomen at the level of the iliac crest at
the end of a normal expiration, keeping the tape
tense and parallel to the floor. Hip circumference was
measured at the level of the major trochanter. Body
composition was assessed by bioelectrical impedance
analysis using a Bioscan 916 (Matlron International
Ltd., Rayleigh, Essex, UK) as per manufacturer’s
instructions.

Intra-myocellular lipids were calculated by using
single voxel proton MRS centered at the mid soleus
muscle. Intrahepatocellular lipids were also obtained
by using single voxel proton MRS localized to the
right lobe of the liver. The intracellular lipids were
calculated as the ratio of the area under the methyl-
ene peak (1.4) to that under the water peak
(4.80)X 100. All magnetic resonance quantifications
were performed on a Siemens 1.5T Symphony
scanner. The coefficient of variation (CV) for IMCL
determination in the soleus muscle is estimated to be
13.7% (19). (Siemens AG, Munich, Germany).

Visceral (VAT) and subcutaneous adipose tissue
(SAT) was assessed at L4. Computation of surface
areas from the MRI scans was conducted using Sli-
ceOmatic 4.2 medical imaging software (SliceOmatic
v.4.2, Tomovision, Montreal). VAT was defined as adi-
pose tissue within the inside edge of the abdominal
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wall. SAT was defined as adipose tissue on the out-
side edge of the abdominal wall. The intra and
inter-observer CVs for this method are 0.53% and
0.44% for SAT and 1.46% and 2.42% for VAT,
respectively.

Blood pressure and heart rate were measured in
the sitting participant using an automatic blood
pressure monitor (BpTRU®, VSM MedTech Ltd.,
Vancouver, BC, Canada).Venous blood was collected
for biochemical measurements after an overnight
fast. Plasma glucose and lipid profile were measured
using routine methods. Insulin was assayed on the
Architect 11000 (chemiluminescent immunometric
assay, intra-assay CV 7%). An oral glucose tolerance
test (75 g glucose) was performed with measurement
of glucose and insulin at — 15, 0, 30, 60 and 120 min.
HOMA-IR (homeostasis model of assessment —
insulin resistance) was calculated as: HOMA-IR =
fasting insulin (uM/mL) X fasting glucose (mmol/l)/
22.5 (20). Insulinogenic index (IGI) was calculated
as the ratio of the change in insulin to change in
glucose from 0 to 30 min (Delta I30 /Delta G30)
during the oral glucose tolerance test (OGTT) (21).
Total adiponectin levels were assayed by immuno-
assay using a commercial ELISA kit (R&D Systems,
Minneapolis, MN, USA). The intra- and interassay
CVs were 4.1-4.8% and 7.1-9.8%, respectively.

Role of funding source

The study sponsors (Boehringer Ingelheim, Canada)
were not involved in the trial design or conduct. All
data were collected and analyzed by the investigators.

Stauistics and data analyses

Assuming a two-sided alpha of 0.05, this study will
have 90% power to detect a minimum difference in
change in IMCL content between treatment groups
of 3.7 and a standard deviation of 5, based on a z-test
with 40 participants per group. Additional partici-
pants will be randomized to account for the antici-
pated drop-out rate of 30%.

Primary analysis was based on all randomized
participants regardless of compliance with the
protocol.

The primary objectives of this 2 X2 factorial
randomized controlled trial were to explore the effect
of telmisartan treatment versus placebo in abdomi-
nally obese individuals consuming either a low or
high glycemic diet, on IMCL content. The results of
the LGI diet will be reported in a separate paper.

As the putative effect of AT1 blockade was
expected to be independent of the putative effect of
the LGI-diet, there was a scientific basis and ratio-
nale for studying both interventions in the same
study population using a 2 X 2 factorial design.

No interaction between telmisartan and the LGI
diet was anticipated. Therefore, all results will be

summarized separately by the treatment margins,
either as telmisartan vs placebo or LGI diet vs
control diet and not by the factorial cells.

Tests for interaction between telmisartan and
LGI diet will be done to identify any unexpected
interaction effect and those with p<<0.01 will be
considered suggestive of a possible effect.

An intention-to-treat analysis was completed.
The primary endpoint was between group change in
IMCL of the soleus muscle co-varying out baseline
IMCL measurement, change in weight, BMI, and
any other important covariate identified from the
baseline characteristics.

Data analysis was performed by means of the
SAS version 9.1 statistical package.

Results

Telephone screening was conducted in 2433 poten-
tial participants, of whom 172 were invited for a
screening visit (Figure 1). Of the 121 eligible par-
ticipants, who agreed to participate in the study, 95
completed the run-in phase and were subsequently
randomized to telmisartan (z=46) or placebo
(n=49). Forty-one participants in the telmisartan
group and 47 participants in the placebo group com-
pleted the 24-week treatment period. Demographics
and baseline characteristics were similar between
the telmisartan and placebo groups (Table I).

Thirty nine percent of our participants had a low
high-density lipoprotein (HDL)-cholesterol (<1.3
mmol/l (males) <1.0 mmol/l (women), 59% had
triglycerides > 1.7mmol/l, 22% had BP > 140/90.
The mean HOMA-IR at baseline was 3.61. Our lab
uses a cut-off value of 2.6 for defining insulin resis-
tance. Based on this value 60% of our participants
at baseline were insulin resistant

The mean waist circumference for men and
women at baseline were 106 cm and 121 cm respec-
tively. At baseline IMCL content was positively cor-
related with liver fat (**=0.23; p=0.01), VAT/
SAT (»=0.26; p=0.03) and waist circumference
(r*=0.34; p=10.001).

After 24 weeks of treatment, participants treated
with telmisartan had significantly lower systolic and
diastolic blood pressures than controls (p<<0001)
Table II. The number of participants with impaired
glucose tolerance both at baseline and end of the
study, did not differ (Table III).

There were no significant treatment effects on
IMCLcontent. (5.73*£1.11vs6.11 = 1.11;p=0.13),
HOMA-IR (3.77£2.12 vs 3.7x2.12; p=0.99),
fasting plasma glucose (5.65*0.54 vs 5.64 +0.54;
p»=0.92), or the 120-min OGTT plasma glucose
(8.4+1.77 vs 8.43+1.77; p=0.94). Furthermore,
there were no significant changes in body composition,
VAT, VAT/SAT ratio or liver fat compared with base-
line. Beta-cell function, as determined by the IGI,



Assessed for eligibility
Telephone (n=2433)

Excluded (n=2261)
Not meeting inclusion criteria (n=860)
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f » Refused to participate (n=1312)

Other reasons (n=89)

Consented to participate

(Assessed for eligibility) Excluded (n=51)

Not meeting inclusion criteria (n=33)

(n=172)
f » Refused to participate (n=18)
Enrollment Other reasons (n=0)
(n=121)

Randomized

> Withdrawn (n=26)

Desired weight loss program (n=7)
Run-In Personal reasons (n=6)
Time commitment issues (n=5)
Adverse events (n=5)
Other reasons (n=3)

% (n=95)  ‘
Allocated to Telmisartan (n=46) Allocation Allocated to placebo (n=49)

Received allocated intervention (n=46)
Did not receive allocated intervention (n=0)

v

Lost to follow up (n=0)

Analyzed (n=40)
Excluded from analysis (n=6)
Technical reasons (MRI scans poor quality)

Follow up

Primary Analysis

Received allocated intervention (n=49)
Did not receive allocated intervention (n=0)

Lost to follow up (n=0)
Analyzed (n=44)

Excluded from analysis (n=5)
Technical reasons (MRI scans poor quality)

Figure 1. Participant disposition.

improved significantly (19.3 +13.7 vs 22.5*+ 17.6;
p»=0.03; 16.5% increase from baseline in the telm-
isartan group). Total adiponectin increased margin-
ally in the telmisartan group (48.9 =42.7 ng/ml vs
56.85 = 37.6 ng/ml; p=0.06).

Table I. Demographic and clinical characteristics of participants
at baseline.

Telmisartan Placebo
(n=46) (n=49)
Age, years 529*+8.6 53.6*x10.3
Female sex, n (%) 32 (69.6) 35 (71.4)
Menopause, 1 (%) 29 (90.6) 34 (97.1)
Caucasian, n (%) 40 (87.0) 46 (93.9)
Hypertensive (> 140 and/or 10 (21.7) 13 (26.5)
>90 mmHg), n (%)
Elevated plasma glucose 7 (15.2) 7 (14.3)
(=6.1 mmol/l), n (%)
Elevated triglyceride (> 1.7 mmol/l), 27 (58.7) 24 (49.0)
n (%)
Low HDL-cholesterol (< 1.3 mmol/l 18 (39.1) 13 (26.5)
(m) <1.0 (W), n (%)
Current smoker, 7 (%) 19 (41.3) 15 (30.6)
Anti-hypertensive drugs, 7 (%) 6 (13.0) 9 (18.4)

Calcium-channel blockers, 7 (%) 4 (9.10) 4 (8.9)
Beta-blockers, 7 (%) 2 (4.6) 3 (6.7)
Diuretics, n (%) 2 (4.4) 3 (6.1)
Lipid-lowering drugs, n (%) 9 (19.6) 7 (14.3)

HDL, high-density lipoprotein.

The results did not change with adjustment of
pre-specified baseline variables.

Discussion

Twenty-four weeks of treatment with telmisartan
160 mg in abdominally obese individuals had no

Table II. Anthropometrics and body composition END-
OF-STUDY telmisartan vs placebo difference in means
controlling for baseline variables.

Variable Placebo Telmisartan p-value

BMI (kg/m?) 34.51 (1.15)
Waist circumference 111.23 (4.87)

34.42 (1.15)  0.70
110.76 (4.87)  0.65

(All) (cm)
Hip circumference 121.08 (3.41) 120.2 (3.41) 0.23
(All) (cm)
WHR (All) 0.92 (0.03) 0.92 (0.03) 0.80
BIA fat mass 42.8 (6.55) 40.67 (6.55) 0.15
(Al (%)
IMCL/Cr 5.73 (1.11) 6.11 (1.11) 0.13
VAT (cm?) 212.11 (36.24) 209.56 (36.34) 0.77
SAT (cm?) 372.42 (40.37) 375.47 (40.37) 0.76
VAT/SAT 0.65 (0.19) 0.66 (0.19) 0.74
Liver fat (cm?) 0.08 (0.05) 0.09 (0.05) 0.61

BMI, body mass index; WHR, waist-hip ratio; BIA, bioelectrical
impedance analysis; IMCL, intramyocellular lipid; VAT, visceral
adipose tissue; SAT, subcutaneous adipose tissue.
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Table III. Blood pressure, heart rate and metabolic characteristics END-OF-STUDY

telmisartan vs placebo difference in means controlling for baseline.

Placebo, Telmisartan, Telmisartan vs
Variable mean (SD) mean (SD) placebo, p-value
Systolic BP (mmHg) 121.65 (10.65) 111.63 (10.65) <.0001
Diastolic BP(mmHg) 77.65 (7.13) 72.98 (7.13) 0.003
Heart rate (beats/min) 73.5 (8.65) 74.19 (8.65) 0.73
Total cholesterol (mmol/l) 5 (0.6) 5.07 (0.6) 0.62
LDL (mmol/l) 2.94 (0.47) 2.88 (0.47) 0.60
HDL (mmol/l) 1.24 (0.15) 1.26 (0.15) 0.52
Triglycerides (mmol/l) 1.93 (0.9) 2.24 (0.9) 0.12
Free fatty acids (umol/l) 561.78 (196.13) 618.34 (196.13) 0.19
Fasting plasma glucose 5.65 (0.54) 5.64 (0.54) 0.92
(mmol/l)
30 min plasma glucose 9.33 (1.35) 9.8 (1.35) 0.15
(mmol/l)
60 min plasma glucose 9.91 (1.86) 10.65 (1.86) 0.09
(mmol/l)
120 min plasma glucose 8.4 (1.77) 8.43 (1.77) 0.94
(mmol/l)
Fasting insulin (mU/1) 14.75 (7.04) 14.55 (7.04) 0.90
30 min insulin (mU/1) 69.47 (38.3) 92.96 (38.3) 0.01
60 min insulin (mU/l) 86.53 (34.92) 102.36 (34.92) 0.08
120 min insulin (mU/1) 94.71 (37.68) 91.86 (37.68) 0.77
HOMA fasting 3.77 (2.12) 3.77 (2.12) 0.99
Insulinogenic index 19.49 (9.68) 18.68 (9.68) 0.74
Adiponectin (ng/ml) 61.18 (16.04) 69.17 (16.04) 0.03

BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein;

HOMA, homeostasis model of assessment.

discernible effect on IMCL, hepatic fat, body com-
position or lipid and glucose profiles. The rationale for
the present trial was based on our previous observa-
tion that all components of the RAS are expressed
in mature adipocytes (22,23) and that i virro Ang
II blocks the proliferation and differentiation of
human preadipocytes (4). Furthermore, in co-culture
experiments, differentiation of preadipocytes was
inhibited in the presence of mature adipocytes and
this effect could be abolished by irbesartan, indicat-
ing that it was mediated by endogenous angiotensin
IT acting via type 1 receptors. Based on these obser-
vations, we hypothesized that iz vivo inhibition of
adipocyte development by Ang II would promote
ectopic fat deposition thereby increasing insulin
resistance and the subsequent risk for type 2 diabe-
tes. This “lipotoxicity” hypothesis is supported by a
number of indirect observations, such as the fact
that surgical implantation of adipose tissue reverses
diabetes in lipodystrophic mice (24-26).

Further rationale for our use of telmisartan in our
study was provided by the observation that telmisar-
tan is distinct among ARBs because it exhibits PPARY
agonist activity, which is completely independent
from its AT 1R blocking properties (27). Peroxisomal
proliferator activator receptor-gamma (PPARY) acti-
vation is also a modulator of preadipocyte differen-
tiation (28).

Our finding that telmisartan does not appear to
have discernible effect on ectopic fat deposition or
measure of glucose and lipid homeostasis are consis-
tent with a recent study by Hsueh et al. (29). This

study examined the effect of telmisartan on 138 over-
weight/obese patients with components of the
metabolic syndrome randomized to telmisartan or
matching placebo for 16 weeks. In this study, telm-
isartan likewise had no effect on the 1GI, calculated
from oral glucose tolerance testing or on insulin
resistance measured by hyperinsulinemic euglycemic
clamp. As in our study, there were also no significant
effects on lipid metabolism. However, unlike our
study, most of the participants were normotensive
obese subjects without evidence of insulin resis-
tance.

Our findings are in line with a recently published
large clinical trial. In the TRANSCEND Study
(Telmisartan Randomised AssessmeNt Study in
ACE iNtolerant subjects with cardiovascular Dis-
ease) (30), 21.8% of participants treated with tel-
misartan and 22.4% of those on placebo developed
diabetes (relative ratio 0.95 [95% CI 0.83-1.10];
p=0.51). Participants originally diagnosed with
impaired fasting glucose (IFG) and/or impaired glu-
cose tolerance (IGT) were equally likely to regress
to normoglycemia (26.9 vs 24.5%) or to progress to
incident diabetes (20.1 vs 21.1%; p = 0.59) on telm-
isartan or placebo. The investigators concluded that
there was no evidence that addition of telmisartan
prevents incident diabetes or leads to regression of
IFG or IGT in individuals at high risk for cardio-
vascular disease. Importantly, new onset diabetes
was not a primary outcome variable and this trial
had very low power for detecting a 10% risk reduc-
tion (a level of risk reduction, which is in the range



of the anti-diabetic effect that might be anticipated
for an ARB). In contrast, in an Italian study, Fogari
et al. (31) compared the effect of telmisartan and
eprosartan on insulin sensitivity in 50 overweight
hypertensive patients. Insulin sensitivity, assessed by
the glucose clamp technique, was significantly
increased by telmisartan (2.25 = 0.61 umol/min/kg,
p<0.05 vs placebo) but not by eprosartan
(0.25 £ 0.14 pmol/min/kg, p =ns). Similarly, if we
included hypertensive individuals or individuals
with a prior history of cardiovascular disease, we
may have detected a positive outcome in the reduc-
tion of incident diabetes.

Although we did not see an effect of telmisartan
on ectopic fat or insulin resistance, we observed a
16.5% improvement in beta-cell function (ISI
improved from 19.3 £ 13.7t022.5 = 17.6;p = 0.03),
in the telmisartan treated group. This latter observa-
tion is in agreement with Negro et al. (11) and
Nagel et al. (10), who observed a 32% and 35%
improvement in the IGI respectively, indicating an
improved beta-cell function. This finding may not
be unexpected, as previous studies have confirmed
that the RAS constituents, angiotensinogen, ACE
and angiotensin II type 1 and 2 receptors (AT1R
and AT2R), are present in pancreatic islets, specifi-
cally beta cells (32) This has been postulated to
inhibit insulin release in response to glucose expo-
sure. Mechanistically, this could be mediated, in
part, through alterations in islet pro-insulin synthe-
sis and islet blood flow regulated by angiotensin II
biosynthesis (33).

We also observed a marginal increase in total
adiponectin, which is a potent insulin sensitizer.
This finding is consistent with other studies, which
found significant increases in adiponectin levels with
telmisartan (12,34).Two other studies (14,15), how-
ever, failed to detect an increase in adiponectin
with telmisartan.

In a recent meta-analysis by Takagi & Umemoto
(35), telmisartan treatment reduced fasting insulin
levels and improved insulin sensitivity over other
ARB therapy. However, most randomized trials
included in the present meta-analysis, were relatively
small (<100 participants) and did not report on
clinical outcomes.

It should also be noted that a number of smaller
studies have found a neutral (26) or shown positive
effects of telmisartan on gluco-metabolic response
(1,10,12,13,16). Importantly these previous studies
were of short duration (12,13), with small sample
sizes (12,13,16) and were not randomized controlled
trials (12,13).

Study strengths and limitations

We undertook a comprehensive investigation of the
metabolic effects of Telmisartan in obese and over-
weight individuals. Importantly, in order to determine
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the direct effect of the intervention on IMCL con-
tent, we took considerable care to ensure that par-
ticipant’s weight and physical activity levels remained
constant throughout the study. We also used a con-
siderably higher dose of telmisartan than currently
used in clinical practice and powered the study ade-
quately to detect any clinically relevant metabolic
effects.

The study may be limited in its duration (6
months), but there is nothing in the data to suggest
that longer treatment would have elicited a different
outcome of this study. Since this is an efficacy trial,
generalizabilty of the results to other populations,
e.g. hypertensive patients not consuming low glyce-
mic or low fat diets (i.e. in the types of patients most
commonly treated with telmisartan), may be limited.

In summary, the present study does not support
the hypothesis that telmisartan treatment in abdom-
inally obese, non-hypertensive individuals consum-
ing either a low glycemic or low fat diet, reduces
intramyocellular, hepatic or abdominal fat deposition
nor that treatment with telmisartan has other clini-
cally significant metabolic effects. Possible beneficial
effects on insulin secretion may warrant further
study.
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