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Differential effects of candesartan and olmesartan on
adipose tissue activity biomarkers in type II diabetic
hypertensive patients

Giuseppe Derosa1, Pamela Maffioli1, Sibilla AT Salvadeo1, Ilaria Ferrari1, Alessia Gravina1, Roberto Mereu1,
Ilaria Palumbo1, Elena Fogari1, Angela D’Angelo1 and Arrigo FG Cicero2

The aim of this study is to compare the effects of candesartan and olmesartan on insulin sensitivity-related parameters, before

and after antihypertensive therapy. After a 4-week washout placebo period, 194 hypertensive (diastolic blood pressure (DBP)

X80mmHg and systolic blood pressure (SBP) X130mmHg) patients with well-controlled type II diabetes were randomized to

receive either 8mg of candesartan once a day (o.d.) or 10mg olmesartan o.d. and titrated after 1 month to 16mg candesartan

o.d. or 20mg olmesartan o.d., respectively; the treatment period had a 1-year duration. We evaluated body weight, body mass

index, SBP, DBP, glycated hemoglobin, fasting plasma glucose, M value, adiponectin (ADN), resistin (r), retinol-binding protein

4, visfatin, vaspin and high-sensitivity C-reactive protein (Hs-CRP) at their baseline values and after 6 and 12 months of

treatment. We observed no variation in body weight or glycemic profile for either treatment. SBP and DBP were significantly

reduced by both treatments (from 144±8/88±6 to 126±5/77±4mmHg by candesartan (Po0.001) and from 145±9/89±7

to 128±7/79±5mmHg by olmesartan (Po0.001)) without any difference between them. Retinol binding protein-4, r, and the

vaspin value decreased in the candesartan group but not in olmesartan group. The M value, visfatin and ADN increased with

candesartan, whereas no significant variations were observed with olmesartan. Both treatments resulted in a similar reduction

in Hs-CRP. Although both therapies resulted in similar reductions in blood pressure, candesartan therapy was more effective

than olmesartan therapy in improving insulin sensitivity.
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INTRODUCTION

The renin–angiotensin–aldosteron system (RAAS) is involved in a
large number of physiopathological processes leading to hypertension
and increased cardiovascular risk. Apparently, the principal mediator
of such processes is angiotensin II (AII).1

Evidence from animal models and cultured skeletal muscle cell line
studies indicates that AII can induce insulin resistance, mediated by the
impairment of insulin receptor substrate-1-dependent insulin signaling
that is reversed by the administration of angiotensin receptor antagonism.2

In addition, recent literature shows that AII is also strongly involved
in adipose tissue metabolism. In fact, both angiotensin type 1 and 2
receptors have been localized to adipocytes, and differences in the
regional expression of RAAS components in visceral vs. subcutaneous
adipose tissue have been used to explain the link between abdominal
obesity and cardiovascular disease.3 Moreover, AII reduces the adipo-
genic response of adipocyte progenitor cells; the extent of this
reduction correlates directly with the body mass index (BMI) of

subjects, and the effects of AII can be reversed by type 1 angiotensin
receptor antagonists.4 On the other hand, genetic deficiencies in the
angiotensin type 2 receptor lead to reduced adipocyte differentiation
and decreased adipocyte numbers in atherosclerotic mice.5 Recent
in vitro data also suggest that the RAAS blockade induces the release of
visfatin from adipocytes and that sartans are more powerful release
inducers than angiotensin-converting enzyme inhibitors.6 This last
point could be relevant to the current study because visfatin binds to
insulin receptors at a site distinct from insulin and causes hypoglyce-
mia by reducing glucose release from liver cells and stimulating
glucose utilization in adipocytes and myocytes.7 The relationship
between RAAS and other human adipokines such as resistin (r),
retinol-binding protein 4 (RBP-4) and vaspin is still under investiga-
tion. However, it is well known that many of these molecules are
associated with or involved in the development of hypertension, both
as single risk factors and as components of the metabolic syndrome.8

As not all sartans exert similar metabolic effects on glucose meta-
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bolism-related parameters9,10 or inflammation markers,11 we designed
this study to test whether two different sartans with analogous levels of
efficacy in the treatment of hypertension might nonetheless differ in
their effects on a set of adipose tissue metabolism-related parameters.

METHODS

Study design and patients
This multicenter, randomized, double-blind clinical trial was con-
ducted in the Department of Internal Medicine and Therapeutics at
the University of Pavia and at the University of Bologna’s ‘G.
Descovich’ Atherosclerosis Study Center in the Department of Internal
Medicine, Aging and Kidney Disease. The study protocol was
approved at each site by the institutional review boards and conducted
in accordance with the Declaration of Helsinki and its amendments.

Patients
We enrolled 194 Caucasian patients (99 males and 95 females, all X18
years) who had hypertension (defined as having diastolic blood
pressure (DBP) X80 mm Hg and systolic blood pressure (SBP)
X130 mm Hg) and well-controlled type II diabetes mellitus (glycated
hemoglobin (HbA1c) o7%).

Patients with secondary hypertension, a history of ketoacidosis or
with unstable or rapidly progressive diabetic retinopathy, nephropathy
or neuropathy were excluded, as were patients with impaired liver
function (defined as plasma aminotransferase (or aspartate amino-
transferase, with normal values of 11–39 mU ml�1), alanine
aminotransferase (normal values: 11–34 mU ml�1) and/or g-glutamyl-
transferase (normal values: 11–53 mU ml�1)), impaired kidney func-
tion (defined as serum creatinine level (normal values: 0.6–1.3 mg per
100 ml)) or anemia. Patients with unstable cardiovascular conditions
(for example, New York Heart Association class I–IV congestive heart
failure or a history of myocardial infarction or stroke) or past
incidences of cerebrovascular conditions within 6 months of study
enrollment were also excluded. Women who were pregnant, lactating,
or who might become pregnant (due to inadequate contraceptive
precautions) were also excluded. Patients with known contraindica-
tions or intolerance to sartans were also not included in the study.

Treatments
After a 4-week washout placebo period, patients were randomized to
receive either 8 mg candesartan once a day (o.d.) or 10 mg olmesartan
o.d. After 1 month, patients were titrated to dosages of 16 mg
candesartan o.d. or 20 mg olmesartan o.d., respectively; the treatment
period had a 1-year duration. Both candesartan and olmesartan were
supplied as identical-looking, opaque white capsules in coded bottles
to ensure the blind status of the study. Randomization was performed
by drawing envelopes containing randomization codes prepared by a
statistician. A copy of the code was provided only to the person
responsible for performing the statistical analysis. The code was only
broken after database lock, but it could have been broken for
individual subjects in the event of an emergency. Medication com-
pliance was assessed by counting the number of pills returned by
patients at the time of their specified clinic visits. At baseline, we gave
each patient a bottle containing a supply of study medication for at
least 100 days. Throughout the study, we instructed patients to take
their first dose of new medication on the day after they were given the
study medication. At the same time, all unused medication was
retrieved for inventory. All medications were provided free of charge.

Suitable subjects, identified from a review of case notes and/or
computerized clinic registries were contacted in person or by tele-
phone. All patients gave written informed consent.

Laboratory methods
Before starting the study, all patients underwent an initial screening
assessment that included a medical history, a physical examination, a
test of the patient’s vital signs and a 12-lead electrocardiogram. We
evaluated patients at the start of the study to establish baseline values,
then again in the sixth and twelfth months of treatment, in terms of
the following parameters: body weight, BMI, SBP, DBP, HbA1c, fasting
plasma glucose, M value, adiponectin (ADN), r, RBP-4, visfatin,
vaspin and high-sensitivity C-reactive protein (Hs-CRP).

To evaluate the tolerability assessments, all adverse events were
recorded. All plasmatic parameters were measured after the patients
completed a 12-h overnight fast. In all cases, venous blood samples
were taken between 0800 and 0900 hours. We used plasma obtained by
the addition of Na2-EDTA (1 mg ml�1) and centrifuged at 3000 g for
15 min at 4 1C. Immediately after centrifugation, the plasma samples
were frozen and stored at �80 1C for not more than 3 months. All
measurements were performed in a central laboratory.

BMI was calculated as the patient’s weight (kg) divided by the
square of his or her height (m). Blood pressure measurements were
obtained from patients’ right arms while they were in a seated
position, using a standard mercury sphygmomanometer (Erkameter
3000, ERKA, Bad Tolz, Germany) (Korotkoff I and V) with an
appropriately sized cuff. Furthermore, the same investigator measured
patients’ blood pressure at each visit, always in the morning and after
the patient had rested for at least 10 min in a quiet room. During each
visit, three successive blood pressure readings were obtained at 1-min
intervals, and the mean of the three readings was calculated.

HbA1c level was measured by a high-performance liquid chromato-
graphy method (DIAMAT, Bio-Rad, Richmond, CA, USA; normal
values 4.2–6.2%), with intra- and inter-assay coefficients of variation
(CsV) of o2%.12 Plasma glucose was assayed by the glucose-oxidase
method (GOD/PAP, Roche Diagnostics, Mannheim, Germany) with
intra- and inter-assay CsV of o2%.13

ADN level was determined using enzyme-linked immunosorbent
assay (ELISA) kits (B-bridge International, Sunnyvale, CA, USA).
Intra-assay CsV were 3.6% for low-control samples and 3.3% for
high-control samples, whereas inter-assay CsV were 3.2 and 7.3% for
low- and high-control samples, respectively.14

We used a commercially available ELISA kit (BioVendor Laboratory
Medicine, Brno, Czech Republic) to measure resistin values. In this
study, intra-assay CsV was 3.4% and inter-assay CsV was 6.9%.15

RBP-4 was measured using an RBP-4 (human) enzyme immuno-
assay kit (Phoenix Pharmaceuticals, Burlingame, CA, USA). Intra- and
inter-assay CsV were less than 5.0% and less than 14.0%, respec-
tively.16

An enzyme immunoassay kit obtained from Phoenix Pharmaceu-
ticals was used to measure visfatin levels, and their intra- and inter-
assay CsV were 10 and o14%, respectively.17

Vaspin was measured by a two-site ELISA method using commer-
cially available ELISA kits (Adipogen, Seoul, Korea); the intra- and
inter-assay CsV were 1.74 and 8.32%, respectively.18

Hs-CRP was measured using latex-enhanced immunonephelo-
metric assays on a BN II analyzer (Dade Behring, Newark,

DE, USA). The intra- and inter-assay CsV were 5.7 and 1.3%,
respectively.19

Glucose clamp technique
We assessed patients’ insulin sensitivity (M value) using the euglyce-
mic, hyperinsulinemic clamp, according to the technique of De Fronzo
et al.20 At 0900 hours, after the subject had fasted for 12 h overnight,
an intravenous catheter (18 g polyethylene cannula, Venflon, Viggo,
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Halsingborg, Sweden) was placed into an antecubital vein for the
infusion of insulin and a 20% glucose solution. A second catheter was
inserted retrogradely into a wrist vein. The patient’s hand was heated
(to about 70 1C) in a thermoregulated box with the aim of arterializing
venous blood within 20–40 min.21 Plasma glucose levels were assessed
at 5- or 10-min intervals during application of the clamp. A 10-min
priming infusion of insulin (Humulin R, Lilly Corporate, Indianapo-
lis, IN, USA) was administered at a rate of 1 mU min�1 kg�1 for 2 h,
during which time the patient’s plasma glucose concentration was held
constant at the basal state (95 mg per 100 ml) by a variable infusion of
exogenous glucose. The amount of glucose required to maintain
isoglycemia is equal to the patient’s whole-body disposal of glucose,
provided that endogenous glucose production is essentially absent.
During insulin infusion, normal fasting blood glucose levels were
maintained by adjusting the rate of infusion of a 20% glucose solution.
The M value (the amount of glucose infused, that is, whole-body
glucose disposal, expressed as mmol per minute per kilogram of body
weight (mmol min�1 kg�1)) was calculated as the mean value for each
20-min interval during the last 60 min of the clamp application.

Statistical analysis
An intention-to-treat analysis was conducted in patients who had
received X1 dose of study medication and had a subsequent efficacy
observation. Patients were included in the tolerability analysis if they
had received X1 dose of trial medication and had undergone a
subsequent tolerability observation. Considering as clinically signifi-
cant a difference of at least 10% compared with the baseline and an
alpha error of 0.05, our sample size was adequate to obtain a power
higher than 0.80 for all measured variables. Continuous variables were
evaluated using repeated analysis of variance (ANOVA) tests. Inter-
vention effects were adjusted for the presence of potential confound-
ing variables using analysis of covariance (ANCOVA). ANOVA was
also used to assess the significance of variables within and between
groups. The statistical significance of the independent effects of
treatments on the other variables was determined using ANCOVA.
Paired tests were also used: a one-sample t-test was used to compare
values obtained before and after treatment, and two-sample t-tests
were used for between-group comparisons.22 Statistical analysis of
data was performed using the Statistical Package for Social Sciences
software, version 14.0 (SPSS, Chicago, IL, USA). The data are
presented as the mean±s.d. For all statistical analyses, Po0.05 was
considered statistically significant.

RESULTS

Study sample
A total of 194 patients were enrolled in the study. Of these, 187
completed the study; 94 (50.3%) were allocated to the candesartan
group and 93 (49.7%) were assigned to the olmesartan group. There
were seven patients (four males and three females) who did not
complete the study. Their reasons for premature withdrawal included
side effects such as dizziness (one male in the olmesartan group after 6
months of treatment), headache (one male in the candesartan group
after 6 months), nausea (one female in the candesartan group after 6
months), being lost to follow-up (one male in the candesartan group
after 6 months), protocol violation (one female in the olmesartan
group after 12 months), noncompliance (one male in the olmesartan
group after 12 months) and administrative (one female in the
candesartan group after 12 months). The characteristics of the patient
population on entering the study are shown in Table 1, whereas the
antidiabetic agents taken before and during the study are shown in
Table 2.

Blood pressure
We observed significant improvements in patients’ SBP and DBP,
compared with their baseline values, after 6 and 12 months on either
treatment (for SBP, Po0.01, and for DBP, Po0.001, for both drugs),
without any significant differences between the two groups (Tables 3
and 4).

Body weight
We did not observe any significant variations in body weight or BMI
for either of the treatments (Tables 3 and 4).

Glycemic profile
We did not register any variations in HbA1c, or fasting plasma glucose
in either of the groups (Tables 3 and 4).

Inflammatory parameters
A significant improvement on baseline values of ADN was recorded in
the candesartan group after 12 months of treatment (Po0.05),
whereas no differences were observed in the olmesartan group;
furthermore, ADN values in the candesartan group were significantly
higher than ADN values in the olmesartan group after 1 year of
treatment (Tables 3 and 4).

After 12 months of treatment, the candesartan group experienced a
significant decrease in vaspin from baseline values (Po0.05).
The olmesartan group did not share this decrease, and the
difference between the two groups was significant (Po0.01) (Tables
3 and 4).

Hs-CRP in both groups decreased from baseline values after 6
months of treatment and after 12 months (for both drugs, Po0.05
and Po0.01, respectively), with no significant differences between the
two treatments (Tables 3 and 4).

Table 1 General subjects characteristics at baseline in the study

Candesartan Olmesartan

N 98 96

Sex (M/F) 50/48 49/47

Age (years) 57±6 56±5

Sm. st. (M/F) 15/11 13/12

Diab. dur. (years) 5±2 6±3

Height (m) 1.69±0.04 1.68±0.03

Concomitant disease, n (%) 94 (95.9) 92 (95.8)

Hypercholesterolemia 36 (38.3) 31 (32.3)

Hypertriglyceridemia 6 (6,4) 4 (4.2)

Combined dyslipidemia 13 (13.8) 15 (15.6)

Concurrent medications, n (%) 98 (100) 96 (100)

ACE-I 19 (19.4) 22 (22.9)

a-Blockers 6 (6.1) 8 (8.3)

Calcium antagonists 17 (17.3) 16 (16.7)

b-Blockers 8 (8.1) 9 (9.4)

Diuretics 23 (23.5) 20 (20.8)

Statins 44 (44.9) 41 (42.7)

Fibrates 13 (13.3) 15 (15.6)

Omega-3 18 (18.4) 20 (20.8)

Acetylsalicylic acid 89 (90.8) 88 (91.7)

Ticlopidine 5 (5.1) 4 (4.2)

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitors; diab. dur., diabetes duration;
F, female; M, male; Sm. st., smoking status.
Data are expressed as means±s.d. or n and %.
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Insulin resistance parameters
In the candesartan group, we observed a significant improvement in
M values after 12 months (Po0.05), whereas no differences were
observed in the olmesartan group; M values obtained for candesartan
were significantly better than those for olmesartan after 12 months of
treatment (Po0.05) (Tables 3 and 4).

At 12 months after the baseline values were established, a significant
decrease in r was recorded in the candesartan group (Po0.05), but
not in the olmesartan group; moreover, the value reached using
candesartan was significantly better than the value reached with
olmesartan (Po0.05) (Tables 3 and 4).

RBP-4 significantly improved after 12 months’ treatment with
candesartan (Po0.01), whereas no differences were recorded in the
olmesartan group compared to its baseline values. The two groups’
outcomes in this area after a year of treatment differed significantly
(Po0.05) (Tables 3 and 4).

In the candesartan group, visfatin increased after 12 months
compared with the baseline (Po0.05), whereas visfatin showed no
change in the olmesartan group. Furthermore, the values recorded for
candesartan were significantly better than the values observed for
olmesartan after 12 months of treatment (Po0.05) (Tables 3 and 4).

Correlations
Stepwise multilinear regression analysis was performed to establish
which metabolic factors could best predict the changes in insulin
resistance (M value). Significant predictors of such changes in
the candesartan group were ADN (r¼0.59, Po0.05) (Figure 1a),
r (r¼�0.57, Po0.05) (Figure 1b), RBP-4 (r¼�0.64, Po0.01)
(Figure 1c), visfatin (r¼0.53, Po0.05) (Figure 1d) and vaspin
(r¼�0.51, Po0.05) (Figure 1e). Other correlation analyses did not
indicate additional patterns of associations.

Table 2 Antidiabetic agents before and during the study

Candesartan Olmesartan

n 98 96

OHA, n (%) 95 (96.9) 94 (97.9)

Sulphonylureas, n (%) 15 (15.8) 12 (12.8)

Glyburide 6 (40.0) 5 (41.7)

Glimepiride 8 (53.3) 5 (41.7)

Gliclazide 1 (6.7) 2 (16.6)

Biguanides, n (%) 34 (35.8) 33 (35.1)

Metformin 34 (100) 33 (100)

Glinides, n (%) 11 (11.6) 12 (12.8)

Repaglinide 10 (90.9) 10 (83.3)

Nateglinide 1 (9.1) 2 (16.7)

a-Glucosidase inhibitors, n (%) 24 (25.3) 27 (28.7)

Acarbose 24 (100) 27 (100)

Thiazolidinediones, n (%) 38 (40) 31 (33.0)

Pioglitazone 24 (63.2) 20 (64.5)

Rosiglitazone 14 (36.8) 11 (35.5)

Incretin mimetics, n (%) 8 (8.4) 9 (9.6)

Exenatide 8 (100) 9 (100)

DPP-4 inhibitors, n (%) 13 (13.7) 10 (10.6)

Sitagliptin 9 (69.2) 6 (60)

Vildagliptin 4 (30.8) 4 (40)

Insulin, n (%) 8 (8.2) 6 (6.2)

Analog, n (%) 8 (100) 6 (100)

Lispro 3 (37.5) 2 (33.3)

Aspart 2 (25.0) 1 (16.7)

Glulisine 3 (37.5) 3 (50)

Long-acting, n (%) 8 (100) 6 (6.4)

Glargine 3 (37.5) 2 (33.3)

Detemir 1 (12.5) 1 (16.7)

NPH 4 (50.0) 3 (50)

Abbreviations: DPP-4, dipeptidyl peptidase-4 inhibitors; NPH, neutral protamine Hagedorn;
OHA, oral hypoglycemic agents.
Data are expressed as n or %.

Table 3 Patients data during the study in candesartan group

Baseline At 6 months At 12 months

n 98 95 94

Sex (M/F) 50/48 48/47 48/46

Sm. st. (M/F) 22/20 22/20 22/19

Weight (kg) 76.3±6.9 75.8±6.4 76.2±6.8

BMI (kg m�2) 26.7±1.2 26.5±1.0 26.7±1.2

SBP (mm Hg) 144±8 134±6** 126±5w

DBP (mm Hg)) 88±6 82±4** 77±3w

HbA1c (%) 6.4±0.5 6.3±0.4 6.3±0.4

FPG (mg per 100 ml) 123±11 121±10 120±9

M value (mmol min�1 kg) 3.48±0.43 3.91±0.87 4.97±1.3*,ww

4.7±1.1 5.1±1.3 5.6±1.5*,ww

6.6±1.9 6.3±1.7 5.8±1.4*ww

ADN (mg ml�1) 65.9±22.8 53.1±16.9 45.2±14.3**,ww

r (ng ml�1) 31.8±19.7 34.6±20.7 39.7±25.1*,ww

Vaspin (ngml�1) 0.7±0.3 0.6±0.2 0.4±0.1*,ww

Hs-CRP (mg l�1) 1.8±0.9 1.4±0.7* 1.1±0.5**

Abbreviations: AND, adiponectin; BMI, body mass index; DBP, diastolic blood pressure;
F, female; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; Hs-CRP, high-sensitivity
C-reactive protein; M, male; r, resistin; RBP-4, retinol binding protein-4; SBP, systolic blood
pressure; Sm. st., smoking status.
Data are means±s.d.
*Po0.05 vs. baseline; **Po0.01 vs. baseline; wPo0.001 vs. baseline; wwPo0.05 vs.
olmesartan.
FPG: to convert from mg per 100ml to mmol l�1, multiply by 0.0555.

Table 4 Patients data during the study in olmesartan group

Baseline At 6 months At 12 months

n 96 95 93

Sex (M/F) 49/47 48/47 47/46

Sm. st. (M/F) 20/19 19/19 19/19

Weight (kg) 75.6±6.2 75.1±6.0 75.7±6.3

BMI (kg m�2) 26.8±1.3 26.6±1.1 26.8±1.3

SBP (mm Hg) 145±9 136±7** 128±6w

DBP (mm Hg)) 89±7 83±5** 79±4w

HbA1c (%) 6.3±0.4 6.3±0.4 6.2±0.3

FPG (mg per 100 ml) 121±10 120±9 119±8

M value (mmol min�1 kg�1) 3.46±0.42 3.65±0.64 3.96±0.91

ADN (mg ml�1) 4.6±1.0 4.8±1.1 4.9±1.2

r (ng ml�1) 6.8±2.0 6.5±1.8 6.3±1.7

RBP-4 (mg ml�1) 63.7±21.2 61.2±20.8 59.2±19.1

Visfatin (ngml�1) 30.7±18.9 32.5±19.9 34.0±20.2

Vaspin (ngml�1) 0.8±0.4 0.8±0.4 0.8±0.4

Hs-CRP (mg l�1) 1.7±0.8 1.2±0.6* 1.0±0.4**

Abbreviations: AND, adiponectin; BMI, body mass index; DBP, diastolic blood pressure; F,
female; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; Hs-CRP, high sensitivity-C
reactive protein; M, male; r, resistin; RBP-4, retinol binding protein-4; SBP, systolic blood
pressure; Sm. st., smoking status.
*Po0.05 vs. baseline; **Po0.01 vs. baseline; wPo0.001 vs. baseline.
Data are means±s.d.
FPG: to convert from mg per 100ml to mmol l�1, multiply by 0.0555.
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DISCUSSION

Activation of the renin–angiotensin system (RAS) in adipose tissue
may represent an important link between obesity and hypertension:
blockage of the RAS, either by an angiotensin-converting enzyme
inhibitor or an AII receptor blocker, results in a substantial increase in
ADN levels and improved insulin sensitivity.23

In our study, carried out on hypertensive, overweight, type II
diabetics, we observed that, despite having similar antihypertensive
and anti-inflammatory effects, candesartan exerted specific effects on
adipose tissue metabolism that were not observed for olmesartan. In
particular, patients treated with candesartan experienced a significant
improvement in their M values (+43.1%), ADN (+19.1%),
r (�12.1%), RBP-4 (�31.4%), visfatin (+21.7%) and vaspin (�42.8%).
These changes were significant when compared with the results for the
olmesartan group, and they were not observed among those treated
with olmesartan.

The beneficial effects of both olmesartan24 and candesartan25 on
blood pressure were already known. With regard to the effects of
candesartan and olmesartan on adipokines, we know that ADN is a
protein exclusively synthesized by adipocytes, which decreases in
obese patients and is inversely related to glucose and insulin.26

ADN stimulates the oxidation of fatty acids and suppresses gluco-
neogenesis, and it inhibits monocyte adhesion, macrophage transfor-
mation, and the proliferation and migration of smooth muscle cells

in blood vessels.14,27,28 On the contrary, r is produced by mono-
nuclear cells and activated macrophages; it has been demonstrated
that overexpression of r decreases the ability of insulin to suppress
hepatic glucose output or increase glucose uptake by muscle.29–31

Available data also suggest that r has a role in increased incidences of
inflammation and atherosclerosis.32 Increased concentrations of RBP-
4 have been reported in subjects diagnosed with obesity, insulin
resistance or type II diabetes mellitus.33 Visfatin was discovered as a
secretory protein that is highly enriched in human visceral adipocytes,
yet it is also expressed by liver, muscle, bone marrow and lympho-
cytes.34,35 The expression and secretion of visfatin increase during the
development of obesity. However, the rise in visfatin does not
decrease insulin sensitivity; visfatin exerts insulin-mimetic effects,
binding to the insulin receptor with a similar affinity to insulin but at
a site distinct from insulin.34 Vaspin (visceral adipose tissue-derived
serpin), a member of the serine protease inhibitor family, was isolated
from the visceral white adipose tissue (WAT) of Otsuka Long-Evans
Tokushima fatty (OLETF) rats, a breed used to model abdominal
obesity, insulin resistance and diabetes.18 Vaspin expression increases
after 30 weeks, coinciding with obesity and high insulin levels in
OLETF rats, and it declines as diabetes worsens and the rats lose
weight by 50 weeks. Importantly, the administration of vaspin to
obese mice improves their glucose tolerance and insulin sensitivity
and reverses the expression of half of the WAT genes activated by
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diet-induced obesity.18 Hs-CRP has been shown to independently
predict myocardial infarction, stroke and peripheral artery disease.36

With regard to the effects of candesartan on these parameters,
previous research has already demonstrated that candesartan has
a positive effect on ADN;37,38 to the best of our knowledge, though,
this paper is the first to demonstrate the effects of candesartan on a
large range of adipokines and adipose tissue metabolism-related
parameters. Olmesartan’s lack of effects on adipokines relative to
candesartan has also been observed by de Vinuesa et al.39 in patients
with chronic kidney diseases. In this study, we tested the highest
available dosage of olmesartan, and so we can conclude that the
drug’s observed ineffectiveness was not due to an insufficient dose.

Our study has some limitations. First of all, the sample size is relatively
small and the follow-up period is relatively short. Thus, we could
hypothesize that the metabolic effects that we observed might also
appear in the olmesartan-treated patients with a longer follow-up. In
fact, in a previous study comparing the effects of two different sartans
(telmisartan and irbesartan) on adipokine levels, these effects actually did
appear earlier with telmisartan than irbesartan.40 Moreover, we did not
evaluate the baseline distribution of adipose tissue in our patients, so we
could not be sure that patients were equally distributed between the two
treatment groups with regard to visceral adiposity. However, the patients
were matched according to many anagraphic, clinical and metabolic
parameters (including waist circumference and BMI), so we feel con-
fident that the patients were adequately randomized.

In conclusion, in our short-term clinical trial, carried out on hyper-
tensive, overweight, type II diabetics, we observed that, despite the two
drugs having similar antihypertensive and anti-inflammatory effects,
only candesartan (but not olmesartan) affects adipose tissue metabolism
by improving M values, ADN, r, RBP-4, visfatin and vaspin levels.
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