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Abstract

High—molecular weight (HMW) adiponectin may have the most biologic activity among several isoforms. We investigated long-term
effects of losartan on serum concentrations of total and HMW adiponectin in hypertensive patients with metabolic syndrome (MS) by serial
measurements over 6 months. Forty hypertensive patients first received 50 mg of losartan. Upward titration of the losartan dose was
implemented to reach a target blood pressure of less than 140/90 mm Hg. Serum total adiponectin and HMW adiponectin were measured at
study entry (baseline), the 3-month treatment time point, and the end of the 6-month period. Non-HMW adiponectin (ie, medium— and low—
molecular weight adiponectin) was calculated as total adiponectin — HMW adiponectin. Diagnosis of MS was done by current standard
criteria. In hypertensive patients without MS (n = 21), the serum total adiponectin increased from 9.8 + 5.4 ug/mL at baseline to 11.1 +
6.2 pg/mL at 6 months (P <.01). Furthermore, the serum total adiponectin was significantly higher at 6 months than at 3 months (P <.01).
Serum HMW adiponectin also increased from 5.7 + 3.9 pug/mL at baseline to 6.6 + 4.4 ug/mL at 6 months (P <.01). In hypertensive patients
with MS, the serum total adiponectin increased from 6.0 + 2.7 ug/mL at baseline to 6.7 + 3.3 ug/mL at 3 months and to 7.0 + 3.1 ug/mL at
6 months (P <.01 for both). Furthermore, the serum HMW adiponectin concentration was significantly higher at 6 months than at 3 months
(P <.001). However, the serum non-HMW adiponectin concentration did not change during treatment in either group. In conclusion, serum
total and HMW adiponectin concentrations increase after 6 months of losartan treatment in hypertensive patients, irrespective of the presence
or absence of MS.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Essential hypertension is associated with insulin resis-
tance, resulting in a high incidence of type 2 diabetes
mellitus [1,2]. Furthermore, obese patients with hypertension
are in a more insulin-resistant state and have an exaggerated
tendency to develop diabetes [3,4]. Several large prospective
clinical trials have demonstrated that the angiotensin II
receptor blockers (ARBs), including losartan and valsartan,
significantly decrease the onset of diabetes in hypertensive
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patients at high risk for cardiovascular disease (CVD),
compared with patients treated with S-blocker or Ca channel
blocker [5-7]. Because angiotensin II is associated with
impaired insulin signaling, resulting in insulin resistance [8],
the blockade of the renin-angiotensin system with ARBs
may reduce the incidence of new-onset diabetes in
hypertensive patients. Several studies have demonstrated
that certain ARBs increase the serum concentrations of total
adiponectin in patients with essential hypertension [9,10].
This increased circulating adiponectin may also be asso-
ciated with improvements in insulin sensitivity after ARB
treatment, leading to a reduction in the onset of diabetes in
hypertensive obese patients. Based on these findings, ARBs
can ameliorate insulin resistance in patients with essential
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hypertension via increasing serum adiponectin or directly
blocking angiotensin II signaling [8-10]. However, most
studies investigated the short-term effects of ARBs on the
serum total adiponectin concentrations after 2 weeks to
3 months of treatment. Thus, no reports have examined the
long-term effects of ARB on serum adiponectin concentra-
tion in patients with hypertension.

Adiponectin is an adipocyte-specific protein that enhances
both insulin sensitivity and lipid metabolism [11,12]. Serum
adiponectin concentrations are reduced in patients with type 2
diabetes mellitus [13], metabolic syndrome (MS) [14], or
coronary artery disease (CAD) [15]. Thiazolidinediones
(TZDs), which are full agonists for peroxisome prolifera-
tor—activated receptors (PPARSs), increase the gene expres-
sion and serum concentrations of adiponectin in humans [16].
Adiponectin circulates in plasma as 3 forms: a trimer (low
molecular weight; LMW); a hexamer (trimer-dimer) of
medium molecular weight (MMW); and a larger, multimeric,
high—molecular weight form (HMW) [17]. Previous studies
have reported that HMW adiponectin may be the active form
of this protein because changes in the ratio of HMW to total
adiponectin after TZD treatment, but not the total adiponectin
concentration, were associated with improvement in hepatic
insulin sensitivity [18]. Recently, we reported and confirmed
that serum concentrations of HMW adiponectin can be
measured quantitatively by our novel sandwich enzyme-
linked immunosorbent assay (ELISA) system with a mono-
clonal antibody against human HMW adiponectin, IH7
[19,20]. Moreover, using our novel ELISA, we found that
pioglitazone, a TZD, increases predominantly HMW adipo-
nectin as evidenced by an increase in the HMW to total
adiponectin ratio, contributing to the insulin-sensitizing
effects of pioglitazone treatment [21].

Recently, EXP3179, an active metabolite of losartan, was
identified as a partial agonist of PPAR-y [22]. Peroxisome
proliferator—activated receptor 7y is a ligand-activated
transcription factor that regulates the expression of gene
regulating lipid and glucose metabolism [23]. Thiazolidine-
diones, which are full agonists for PPAR-7y, are powerful
insulin sensitizers [23]. Thus, we hypothesize that losartan
may increase serum HMW adiponectin via PPAR-y activa-
tion by EXP3179.

We investigated the long-term effects of losartan on serum
concentrations of total and HMW adiponectin in hyperten-
sive patients with MS by serial measurements over 6 months.
To our knowledge, this is the first study to measure serum
concentrations of both total and HMW adiponectin simulta-
neously, using a novel ELISA assay that detects only HMW
adiponectin, after long-term treatment with losartan.

2. Subjects and methods

2.1. Patients

We studied 40 consecutive patients with essential
hypertension (16 women and 24 men). We selected

hypertensive patients with systolic blood pressure (SBP)
exceeding 140 mm Hg and/or diastolic BP (DBP) exceeding
90 mm Hg, irrespective of the use of antihypertensive agents.
The patients first received 50 mg of losartan. Upward
titration of losartan was implemented to reach a target BP of
less than 140/90 mm Hg. Only 2 patients received 100 mg of
losartan. We also excluded patients with frank diabetes.
None of the patients had any liver disease or severe renal
impairment. Patients were followed for 6 months with visits
every month.

The patients were divided into 2 groups based on the
presence or absence of MS. A diagnosis of MS was based on
the modified criteria in the recent “Third Report of the
National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III)” [24].
Metabolic syndrome was defined as the presence of 3 or
more of the following 5 components: obesity (waist
circumference >85 cm [men] or =90 cm [women] or body
mass index [BMI] >25.0); triglyceride >150 mg/dL and/or
treatment with fibrates; high-density lipoprotein (HDL)
cholesterol <50 mg/DL for women and <40 mg/dL for
men; SBP >130 mm Hg, DBP>85 mm Hg, and/or
antihypertensive medication; and fasting plasma glucose
(FPG) >110 mg/dL.

All patients gave informed consent. The study was
approved by the local ethics committee.

2.2. Methods

Blood samples were obtained upon study entry (baseline),
at the 3-month treatment period, and at the end of the
6-month period. Venous blood was collected between 8 AM
and 9 AM after an overnight fast. Serum and plasma samples
were centrifuged at 2500 rpm for 15 minutes, after which the
supernatant was stored at —70°C until use.

The serum HMW adiponectin concentration was mea-
sured using our novel sandwich ELISA assay based on a
monoclonal antibody raised against human HMW adipo-
nectin (Fujirebio, Tokyo, Japan). GBP2S, the target antigen,
is an HMW adiponectin purified from human serum with
gelatin-Cellulofine (Seikagaku, Tokyo, Japan) [19]. The
monoclonal antibody IH7, raised against human GBP28, was
used as the capture antibody, whereas horseradish perox-
idase—conjugated IH7 Fab (POD-IH7) was used as the
detecting antibody; and GBP28 was used as the standard
[19,20]. In brief, 96 wells of a microtiter plate were coated
with anti-HMW adiponectin monoclonal antibody (IH7).
One hundred microliters of serum that was diluted 1:441 was
placed in each of the 96 wells. IH7 conjugated with
horseradish peroxidase was used as the detecting antibody.
The contents of the wells were incubated for 30 minutes with
tetramethylbenzipine. After the reaction was stopped, the
absorbance was measured at 450 nm. Using the same
antibody as both the capturing and detecting antibodies, this
sandwich ELISA system specifically measures HMW
adiponectin in serum [19,20]. The HMW adiponectin
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Fig. 1. Changes in serum concentrations of total adiponectin (A) and HMW
adiponectin (B) after treatment with losartan in patients with essential
hypertension. Data are expressed as the mean + SEM.

concentrations in a working standard were determined by
human HMW adiponectin purified by affinity chromatogra-
phy using gelatin-Cellulofine [19]. Intra- and interassay
coefficients of variation were 2.4% to 3.0% and 4.2% to
5.1%, respectively.

The total serum adiponectin concentration was measured
by sandwich ELISA (Otsuka Pharmaceuticals, Tokyo,
Japan) as previously described [13]. In brief, after boiling
serum samples in sodium dodecyl sulphate buffer for
5 minutes to convert all adiponectin to a monomeric form,
samples were analyzed with the ELISA system to determine
the total adiponectin concentration in the serum. Non-HMW
adiponectin (ie, MMW + LMW adiponectin) was defined as
total adiponectin — HMW adiponectin.

The plasma concentrations of B-type natriuretic peptide
(BNP) were measured by chemiluminescent enzyme immu-
noassay in EDTA-anticoagulated blood samples (Kyowa
Medics, Tokyo, Japan). Serum insulin concentrations were
determined by radioimmunoassay. Insulin resistance was
evaluated by homeostasis model assessment (HOMA-IR),

which is calculated as fasting serum insulin (in microunits
per milliliter) x FPG/405.

2.3. Statistical analysis

Data are expressed as the mean + SD or the median and
interquartile ranges unless indicated otherwise. Differences
between groups were analyzed by Student paired ¢ test or
unpaired 7 test. Differences between groups based on
nonparametric data were analyzed by Wilcoxon matched-
pairs test or the Mann-Whitney U test. Differences in
normally distributed data were assessed by a 1-way analysis
of variance using the Newman-Keuls multiple comparison
test. Correlations were determined by linear regression
analysis. A P value < .05 was accepted as indicating
statistical significance. Statistical analyses were performed
using SPSS 8.0 J software (SPSS, Tokyo, Japan).

3. Results

In all of the patients with essential hypertension (N = 40),
the serum total adiponectin increased from 8.0 + 4.7 ug/mL
at baseline to 8.6 £ 5.1 pug/mL at 3 months and to 9.2 +
5.3 ug/mL at 6 months after losartan treatment (P = .0019
and P < .0001, respectively; Fig. 1A). Furthermore, the
serum total adiponectin concentration was significantly
higher at 6 months than at 3 months (P < .0001). The
serum total adiponectin concentration increased 9.1% at
3 months and 16.2% at 6 months. The serum HMW
adiponectin concentration also increased from 4.4 + 3.4 ug/mL

Table 1
Demographic, clinical, and laboratory data for hypertensive patients with or
without MS

No MS MS P value
n (female/male) 21 (9/12) 19 (7112) NS
Age (v) 63.8+8.5 59.6 +10.6 1738
BMI (kg/m?) 229425 25.6+2.6 0016
SBP (mm Hg) 156.2 +22.1 164.3 + 14.9 11850
DBP (mm Hg) 89.5+6.5 942 +£9.0 0657
FPG (mg/dL) 105.7 £ 10.4 111.6 + 19.3 2345
HbA . (%) 52+03 56+0.5 0122
LDL cholesterol (mg/dL)  124.1 + 39.1 135.5 +34.1 3328
Triglyceride (mg/dL) 102.0 + 38.3 2457+119.9 <0001

HDL cholesterol (mg/dL) 572+ 11.2 48.8 £12.7 .0323
Uric acid (mg/dL) 4.8+ 1.1 52+13 2916
hs-CRP (g/L) 0.047 0.092 .0255

(0.024, 0.094)  (0.054, 0.197)

BNP (pg/mL) 22.5 (12.0, 37.7) 24.9 (159, 41.9) 9784

Total adiponectin (ug/mL) 9.8+54 6.0+2.7 .0092

HMW adiponectin (ug/mL) 57+39 29+138 .0077

Non-HMW adiponectin 41+£20 3.1+1.1 .0763
(ug/mL)

HMW to total adiponectin 0.56 £ 0.15 0.45+0.13 .0170
ratio

CCB/D/fB 7/0/1 5/172 NS

Data are the mean + SD or the median and interquartile ranges. NS indicates
not significant; CCB, calcium channel blockers; D, diuretics; B, -blockers.
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Patient characteristics and laboratory data in hypertensive patients with or
without MS before and after treatment with losartan

Time (mo)
0 3 6
Without MS (n = 21)
SBP (mm Hg) 1562221  139.4+13.97  139.7 + 14.8"
DBP (mm Hg) 89.5+6.5 81.1+11.9"  842+75"
FPG (mg/dL) 105.7+104 1014113 98.8+12.5
Insulin (uU/mL) 73 (4.6,152) 7.3 (54,12.1) 10.7 (7.2, 16.0)
HOMA-IR 1.6(12,40) 1.7(1.1,3.4) 24(1.4,3.2)
HbA . (%) 54+0.7 54+0.8 54+0.7
LDL-C (mg/dL) 124.1£39.1 1188 +41.6" 1157 +43.8%
Triglyceride 102.0 £383  121.1+67.7  112.1 £45.1
(mg/dL)
HDL-C (mg/dL) 572+11.2 56.5+11.4 573 +11.0
Uric acid (mg/dL) 48+ 1.1 48+ 1.3 48+12
hs-CRP (mg/L) 0.047 0.030 0.056
(0.024, 0.094)  (0.017,0.072)  (0.031, 0.116)
BNP (pg/mL) 225 18.4 25.6
(12.0, 37.7) (13.6,43.4) (10.0, 45.0)
Non-HMW 41+2.0 42+18 43+2.0
adiponectin
HMW to total 0.56 +0.15 0.55+0.14 0.57 +0.13
adiponectin ratio
With MS (n = 19)
SBP (mm Hg) 1643 +14.9 1457 +17.8% 1389+ 13.8*
DBP (mm Hg) 942+9.0 833+10.1%  80.9 =+ 11.5%
FPG (mg/dL) 111.6+193  1092+102  1058+17.8
Insulin (uU/mL) 13.2 13.5 15.7
(8.0,20.9) (8.5,24.2) (13.5, 22.6)
HOMA-IR 3.7(2.1,6.6) 3.9(22,66) 4.1(34,6.6)
HbA . (%) 58+0.8 58+0.8 59+1.0
LDL-C (mg/dL) 1355341  129.8+32.1  132.6+383
Triglyceride 2457+ 1199 217.4+96.7  216.7 + 104.9
(mg/dL)
HDL-C (mg/dL) 488 +12.7 49.5+9.8 48.5+10.4
Uric acid (mg/dL) 52+13 51+1.4 50+13
hs-CRP (mg/L) 0.092 0.075 0.138
(0.054,0.197)  (0.049, 0.186)  (0.071, 0.172)
BNP (pg/mL) 24.9 30.4 25.0
(1.9, 41.9) (10.3, 46.0) (16.8, 32.2)
Non-HMW 3.1+1.1 35+14 35+ 1.1
adiponectin
HMW to total 0.45+0.13 0.43 +0.14 0.46 + 0.14

adiponectin ratio

Data are expressed as mean + SD or median and interquartile range.
* P<.05, TP <.01,*P <.001, and *P <.0001 vs 0 month.

at baseline to 4.7 + 3.8 ug/mL at 3 months and to 5.2 +
3.9 ug/mL (P =.0123 and P <.0001, respectively; Fig. 1B)
after beginning treatment. Furthermore, the serum HMW
adiponectin concentration was significantly higher at
6 months than at 3 months (P = .0016). The serum HMW
adiponectin concentration increased 7.5% at 3 months and
21.9% at 6 months. However, we found no significant
differences in the HMW to total adiponectin ratio between
baseline (0.50 £ 0.15) and the values at 3 months (0.49 +
0.15) and 6 months (0.52 + 0.14) after treatment initiation.

As shown in Table 1, BMI was higher in hypertensive
patients with MS than in those without MS. Hemoglobin A,
(HbA,.) was significantly higher in hypertensive patients

with MS than in those without MS. The serum triglyceride
and high-sensitivity C-reactive protein (hs-CRP) concentra-
tions were higher in hypertensive patients with MS than in
those without MS, whereas the serum HDL cholesterol was
lower in hypertensive patients with MS than in those without
MS. Both the serum total and HMW adiponectin concentra-
tions were significantly higher in those with MS than in those
without MS (P = .0092 and P = .0077, respectively).
Furthermore, the HMW to total adiponectin ratio was higher
in those with MS than in those without MS (P = .0170).

In hypertensive patients without MS, the SBP decreased
from 156.2 £22.1 mm Hg at baseline to 139.4 + 13.9 mm Hg
at 3 months and to 139.7 + 14.8 mm Hg at 6 months (P <.001
for both; Table 2). The DBP decreased from 89.5 + 6.5 mm Hg
at baseline to 81.1 = 11.9 mm Hg at 3 months and to 84.2 +
7.5 mm Hg at 6 months (P <.001 for both). We found no
significant changes in FPG, serum insulin, or HOMA-IR
after treatment. The serum total and HMW adiponectin
concentrations were significantly higher at 6 months after
treatment than at baseline or at 3 months after treatment
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Fig. 2. Changes in the serum concentration of total adiponectin (A) and
HMW adiponectin (B) after treatment with losartan in hypertensive patients
with (closed circles) and without MS (open circles). Data are expressed as
the mean + SEM.
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(P <.01 for both; Fig. 2A and B). However, the HMW to
total adiponectin ratio did not change. On the other hand, in
hypertensive patients with MS, the SBP decreased from
163.4 £ 14.9 mm Hg at baseline to 145.7 + 17.8 mm Hg at
3 months and to 138.9 = 13.8 mm Hg at 6 months (P <.001
for both). The DBP decreased from 94.9 + 9.0 mm Hg at
baseline to 83.3 = 10.1 mm Hg at 3 months and to 80.9 +
1.5 mm Hg at 6 months (P < .0001 and P < .001,
respectively). Similar to hypertensive patients without MS,
we found no significant changes in FPG, serum insulin, or
HOMA-IR after treatment. The serum total and HMW
adiponectin concentrations were increased at 3 and 6 months
after losartan treatment compared with baseline (P <.05 and
P <.01, respectively; Fig. 2A and B). Furthermore, the serum
HMW adiponectin concentration was significantly higher at
6 months than at 3 months after treatment (P < .001).
However, the serum non-HMW adiponectin concentration
did not change during the treatment in both groups. The
HMW to total adiponectin ratio also did not change.

The percentage changes in the HMW adiponectin concentra-
tion were significantly higher at 6 months and at 3 months than
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Fig. 3. A, Percentage changes in the serum total adiponectin concentration
after treatment with losartan between hypertensive patients with or without
MS. B, Percentage changes in the serum HMW adiponectin concentration
after treatment with losartan between hypertensive patients with and without
MS. Data are expressed as the mean + SEM.

the baseline values in both the group with MS (24.7% vs 9.2%,
P <.05) and the group without MS (19.1% vs 6.0%, P <.01).
However, the percentage changes in total and HMW adiponectin
after 6 months of treatment with losartan did not differ
significantly between the 2 groups (Fig. 3A and B).

4. Discussion

The present study confirmed that losartan treatment
significantly elevated the serum concentrations of total
adiponectin in patients with essential hypertension (8.0 =
4.7 pg/mL at baseline to 9.2 + 5.3 ug/mL at 6 months), as
has been reported in previous studies [9,10]. Koh et al [10]
reported that the plasma total adiponectin concentration
increased from 4.19 pg/mL at baseline to 5.27 ug/mL after 2
months of treatment with losartan 100 mg in hypertensive
patients with hypercholesterolemia. Unlike their study, 94%
of the subjects in the present study were treated with 50 mg
of losartan. This suggests that the relatively low dose of
50 mg of losartan can be enough to increase the serum total
adiponectin concentration in patients with essential hyper-
tension. Moreover, the present study demonstrated that
serum total adiponectin concentration was significantly
higher at 6 months after losartan treatment than at baseline
or at 3 months, suggesting that the serum total adiponectin
concentration maintained the increase up to 6 months after
losartan treatment. Although most previous studies have
investigated the short-term effects of ARBs including
losartan on the serum total adiponectin concentration by
2 weeks to 3 months of treatment [9,10], the present study
demonstrated that the serum total adiponectin concentration
continued to increase after losartan treatment in patients with
essential hypertension. Thus, we can expect the long-term
effects of losartan on serum adiponectin in patients with
essential hypertension.

Similar to total adiponectin, we found that the serum
HMW adiponectin concentration was significantly increased
after treatment with losartan using our novel quantitative
ELISA for HMW adiponectin. The present study demon-
strated for the first time that losartan significantly increased
serum concentrations of HMW in patients with essential
hypertension. Previous studies have reported that HMW
adiponectin may be the active form of this protein because
changes in the ratio of HMW to total adiponectin
concentrations after rosiglitazone treatment (a TZD), but
not the total adiponectin concentration, were associated with
improvement in hepatic insulin sensitivity [17].

Losartan, a prodrug, is metabolized in the liver primarily
by the cytochrome P450 2C enzymes [25]. Its main
metabolite EXP3174 exerts an antihypertensive action by
blocking potently the AT receptor [25]. EXP3179, an
intermediate metabolite during the hepatic metabolism, has a
significant molecular homology with indomethacin, an anti-
inflammatory cyclooxygenase inhibitor, which has been
identified as an activator of PPAR-7y [26,27]. In vitro studies
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also identified the active metabolite EXP3179 of losartan as
a partial PPAR-7y agonist [22]. Thiazolidinediones, which act
as full agonists for PPAR-7, are powerful insulin sensitizers
and are commonly used as antidiabetic agents. Thiazolidi-
nediones potently increase gene expression of adiponectin in
adipocytes and increase serum concentrations of total
adiponectin [16]. In a recent study using pioglitazone, we
found that, in patients with type 2 diabetes mellitus, not only
the serum HMW adiponectin concentration but also the
HMW to total adiponectin ratio increased significantly after
treatment with pioglitazone, suggesting that pioglitazone
increases mostly the HMW adiponectin concentration as
opposed to MMW or LMW adiponectin [21]. Increased
HMW adiponectin concentration may contribute to the
insulin-sensitizing effects of pioglitazone treatment. Thus,
we hypothesized that losartan can increase HMW adiponec-
tin predominantly in the serum by activating PPAR-y by
EXP3179, although we could not evaluate directly the
impact of EXP3179 on serum HMW adiponectin in this
study. The present study showed that losartan increased both
the total and HMW adiponectin in the serum by 15% and
18%, respectively, whereas the serum concentrations of non-
HMW adiponectin (ie, MMW + LMW adiponectin) did not
change during the treatment. This suggests that losartan
predominantly increases HMW adiponectin rather than
MMW or LMW adiponectin.

Several large prospective clinical trials have demon-
strated that the ARBs, including losartan and valsartan,
significantly decrease the onset of diabetes in hypertensive
patients at high risk for CVD, compared with patients
treated with -blocker or Ca channel blocker [5-7]. In the
Losartan Intervention For Endpoint Reduction in Hyperten-
sion Study, losartan treatment was associated less with the
development of new-onset diabetes than atenolol treatment
in hypertensive patients with left ventricular hypertrophy
[5]. The mechanisms responsible for the reduction in the
development of new-onset diabetes in hypertensive patients
by ARBs remain to be unclear. One possible explanation is
that ARBs could ameliorate insulin resistance in hyperten-
sive patients by blocking the inhibitory effects of
angiotensin II on insulin signaling in skeletal muscles at
multiple sites of the insulin signaling cascade such as the
insulin receptor, insulin receptor substrate—1, and phospha-
tidylinositol 3-kinase [8]. Another explanation is that the
increased adiponectin levels induced by ARBs may
contribute to an improvement in insulin sensitivity in
these patients [28]. Although the present study showed no
significant improvement in insulin sensitivity as evidenced
by HOMA-IR after losartan treatment in hypertensive
patients with or without MS, several studies have demon-
strated that losartan treatment improves insulin sensitivity in
patients with hypertension or impaired fasting glucose
[10,29]. Taken together, an elevation in the HMW
adiponectin induced by losartan may be associated with
an improvement in insulin sensitivity in patients with
essential hypertension.

The present study showed that both the serum total and
HMW adiponectin concentrations were significantly lower
in hypertensive patients with MS than in those without MS.
Furthermore, we found that the HMW to total adiponectin
ratio was significantly lower in hypertensive patients with
MS than in those without MS. This suggests that a
predominant decrease in the serum HMW adiponectin
concentration may contribute to the decrease in the serum
total adiponectin concentration in subjects with MS. Meta-
bolic syndrome is defined by the clustering of several
cardiovascular risk factors in an individual patient, includ-
ing impaired glucose tolerance (diabetes), hypertension,
dyslipidemia, and visceral obesity [30,31]. Several studies
have demonstrated that this syndrome strongly predicts
CVD, especially CAD [32,33], independently of the low-
density lipoprotein (LDL) cholesterol concentration. A
recent study also demonstrated that the HMW to total
adiponectin ratio has better predictive power for the
prediction of insulin resistance and MS than the plasma
total adiponectin concentration [34]. Thus, serum HMW
adiponectin concentration is more useful clinically for
evaluating the diagnosis of MS than simply measuring the
total serum adiponectin concentration.

The present study showed that the serum concentrations
of total and HMW adiponectin increased significantly after
losartan treatment in hypertensive patients with or without
MS. We also found no significant differences in the changes
in serum total (13.8% vs 18.8% vs of baseline) or HMW
adiponectin (19.1% vs 24.7% of baseline) concentrations
after treatment for 6 months between hypertensive patients
with MS and those without MS. These results suggest that
losartan can increase the serum HMW adiponectin in patients
with essential hypertension, irrespective of the presence or
absence of MS. Considering that the serum HMW
concentration is profoundly reduced in people with MS,
we hypothesized that losartan can increase the serum HMW
adiponectin concentration in hypertensive patients with MS
to a much greater extent than in those without MS. However,
both groups showed similar increases in the serum HMW
adiponectin concentration after losartan treatment because
the present study showed no significant differences in the
percentage changes in the serum total or HMW adiponectin
concentrations after 6 months of treatment with losartan
between hypertensive patients with MS and those without
MS. One possible explanation for the lack of statistical
significance is the relatively small number of subjects
studied (ie, a type II error), which could be minimized by
increasing the sample sizes. We conclude that losartan can
increase the serum HMW adiponectin concentration in
patients with essential hypertension, irrespective of the
presence or absence of MS.

The present study showed that LDL cholesterol concen-
tration was significantly decreased after losartan treatment in
hypertensive patients without MS. In contrast, losartan
treatment did not affect LDL cholesterol in those with MS.
Because LDL cholesterol is a strong risk factor for CAD, this
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LDL cholesterol-lowering effect by losartan could help
prevent the development of CAD in patients with essential
hypertension. In fact, in a post hoc analysis of the Reduction
of Endpoints in Type 2 Diabetes With the Angiotensin II
Antagonist Losartan data, losartan-treated diabetic patients
had lower total and LDL cholesterol compared with placebo
groups [35]. However, the mechanisms responsible for the
different effects of losartan on LDL cholesterol concentra-
tion between hypertensive patients with and without MS
remain to be determined.

Because hypertension is associated with insulin resis-
tance, hypertensive subjects tend to develop type 2 diabetes
mellitus [1-3]. Diabetes is a major risk factor for cardiovas-
cular morbidity and mortality. People with type 2 diabetes
mellitus have a 2- to 4-fold higher risk of CVD than
nondiabetic individuals [36,37]. Furthermore, diabetes is
associated with poorer outcomes after acute coronary
syndromes than nondiabetes [38,39]. In a recent observa-
tional study, people who developed new-onset diabetes had
the same high cardiovascular risk as patients with diabetes
[40]. Thus, the prevention of the development of new
diabetes is very important in patients with essential
hypertension at high risk to improve the prognosis. Serum
adiponectin concentration is the most useful predictor for the
development of type 2 diabetes mellitus in subjects with MS
[41,42]. The present study demonstrated that both the serum
total and HMW adiponectin concentrations continued to
increase after losartan treatment in essential hypertension for
6 months. Furthermore, losartan may specifically increase
HMW adiponectin rather than MMW or LMW adiponectin
because the serum non-HMW adiponectin did not change
after treatment with losartan. This increased circulating
HMW adiponectin with treatment of losartan may be
associated with a reduction in the development of diabetes
in hypertensive patients. Although, in the present study, we
could not observe an improvement in insulin sensitivity as
evidenced by HOMA-IR, it is possible that losartan
ameliorates insulin resistance in patients with essential
hypertension via increasing the serum HMW adiponectin
concentration or directly blocking angiotensin II signaling,
irrespective of the presence or absence of MS. Thus, losartan
may be effective for preventing the development of diabetes
in patients with essential hypertension.
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