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ABSTRACT 
Background: Adiponectin, an adipocyte-derived 

protein, is reduced in patients with hypertension and 
insulin resistance (IR). Angiotensin II receptor block- 
ers (ARBs) have been reported to improve IR and re- 
duce albuminuria. The purpose of this study was to 
evaluate the influence of an ARB and a calcium chan- 
nel blocker on serum adiponectin levels in Japanese 
patients with hypertension who were treated with 
losartan or amlodipine for 3 months. 

Methods: Patients with essential hypertension 
(EHT) were randomized to treatment prospectively with 
losartan (50-100 rag/d) or amlodipine (5-10 mg/d) for 
3 months. Patients with renal damage and/or macropro- 
teinuria were excluded. The urine albumin/creatinine 
ratio, homeostasis model assessment (HOMA) index, 
adiponectin concentration, and tumor necrosis factor- 
alpha (TNF-c~) concentration of each patient were 
evaluated before and after 3 months of treatment. 
When the HOMA index exceeded 1.73, a patient was 
considered to have IR. 

Results: All 40 participants completed both 3-month 
treatment periods. Study patients were primarily male 
(52.5%) with a mean (SD) age of 63.8 (10.6) years 
and a mean body weight of 60.7 (10.8) kg. Patients 
with EHT and diabetes mellitus (n = 9) and IR (n = 12) 
had significantly lower adiponectin concentrations 
than patients who had EHT without diabetes or IR 
(n = 19; mean [SD], 7.84 [5.54] vs 12.81 [7.36] lag/mL, 
P = 0.034; and 6.12 [3.04] vs 12.81 [7.36] lag/mL, 
P = 0.004, respectively). Adiponectin concentrations 
correlated negatively with body mass index (r = -0.393; 
P = 0.012) and HOMA index (r = -0.440; P = 0.005) 
and positively with high-density lipoprotein choles- 
terol (r = 0.441; P = 0.004) before treatment. Systolic 
blood pressure was significantly decreased in patients 
treated with losartan (n = 20; mean [SD], 166 [19] to 

140 [15] mm Hg; P < 0.001) or amlodipine (n = 20; 
164 [15] to 136 [15] mm Hg; P < 0.001), and diastolic 
blood pressure also was significantly decreased with 
losartan (93 [14] to 83 [10] mm Hg; P = 0.031) or am- 
lodipine (96 [12] to 82 [10] mm Hg; P < 0.001). Losar- 
tan increased adiponectin concentrations (9.56 [6.75] 
to 10.36 [6.94] lag/mL; P = 0.038), whereas amlo- 
dipine had no significant effect (9.67 [6.62] to 10.01 
[6.79] lag/mL). The difference in TNF-a concentration 
before and after treatment with losartan and amlodi- 
pine did not reach statistical significance (mean [SD], 
15.2 [1.4] to 14.8 [1.5] pg/mL; and 14.3 [1.4] to 14.5 
[1.7] pg/mL, respectively). 

Conclusion: In this study, Japanese adults with EHT 
had significant increases in adiponectin after 3 months 
of treatment with 50 to 100 mg/d of losartan, but not 
with 5 to 10 mg/d of amlodipine. (Clin Ther. 2006;28: 
1677-1685) Copyright © 2006 Excerpta Medica, Inc. 

Key words: hypertension, adiponectin, insulin re- 
sistance, microalbuminuria, losartan. 

INTRODUCTION 
Essential hypertension (EHT) and insulin resistance 
(IR) are major risk factors for the progression of car- 
diovascular diseaseA~ IR and accompanying hyper- 
insulinemia have been linked to the onset and progres- 
sion of hypertension and atherosclerosis. 3,4 Several 
studies also have reported a higher prevalence of IR in 
patients with hypertension than in patients who are 
normotensive, s-y Additionally, we have reported that 
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when examined by ultrasound, patients with EHT and 
IR had decreased distensibility and increased periph- 
eral resistance in the common carotid artery, s 

Adiponectin is an important adipocytokine that is 
secreted by adipocytes and circulated in the blood- 
stream. 9 Adiponectin has potent anti-inflammatory 
and atheroprotective effects on vascular tissue and an 
insulin-sensitizing effect on tissues that are involved 
in glucose metabolism. 1°q2 In an epidemiologic study 
of Japanese men, the homeostasis model assessment 
(HOMA) as an index of IR correlated negatively with 
adiponectin concentration (r = -0.50; P < 0.001)J s 
Plasma levels of adiponectin in Japanese patients with 
diabetes were lower than plasma levels in patients with- 
out diabetes (mean [SD], 5.7 [0.3] vs 7.9 [0.5] lag/mL 
in men, P < 0.001; and 7.2 [0.5] vs 11.7 [1.0] lag/mL 
in women, P < 0.001, respectively). 14 In Pima Indians, 
differences in adiponectinemia were significant be- 
tween individuals with normal, impaired, and diabet- 
ic glucose tolerance (mean [SD], 7.5 [2.7], 6.1 [2.0], 
and 5.5 [1.6] lag/mL, respectively; P < 0.001)J s Since 
a number of clinical studies have reported hypoadi- 
ponectinemia to be significantly associated with coro- 
nary artery disease, especially in men, l*qs plasma adi- 
ponectin concentration may be considered a useful 
marker of IR and atherosclerosis. 13qs 

Tumor necrosis factor-alpha (TNF-0t), a proin- 
flammatory cyxokine, is overexpressed in adipose tis- 
sue and muscle in humans with obesityJ 9 Adminis- 
tration of recombinant TNF-cx to cultured cells and to 
animal subjects impairs insulin action, whereas block- 
ade of TNFqx improves insulin sensitivity. 2° Fliser et 
a121 reported that treatment with the angiotensin II 
receptor blocker (ARB) olmesartan medoxomil for 
12 weeks in patients with EHT reduced TNF-a (-8.9%; 
P < 0.02), and we have also reported that a 3-month 
treatment with valsartan reduced serum TNF-a con- 
centration (mean [SD], 9.1 [1.7] to 8.9 [1.4] pg/mL; 
P < 0.005) in patients with EHT. 22 

In addition to their role in the cardiovascular system, 
ARBs also have been recognized as regulators of glu- 
cose and lipid metabolism in adipocytes and in adipose 
tissue. 23 Clinical trials have reported that ARBs signifi- 
cantly lower the incidence of new-onset diabetes melli- 
tus (DM). 24~ Additionally, ARBs have been reported 
to decrease albuminuria and prevent the progression of 
renal damage in patients with type 2 diabetes. 26 

In a double-blind study of the effects of losartan 
and simvastatin on patients with EHT, Koh et a123 

found that the combined therapy significantly improved 
insulin sensitivity (P = 0.029) and significantly in- 
creased serum adiponectin concentration (P < 0.001). 
In another study, Furuhashi et al 2y reported that can- 
desartan increased serum adiponectin in 7 Japanese 
patients with EHT. There have been no randomized 
clinical trials, however, that have clarified the influence 
of an ARB on serum adiponectin compared with other 
antihypertensive drugs. To evaluate the influence of an 
ARB on adiponectin concentration, patients with 
EHT in this study were treated with the ARB losartan 
or the calcium channel blocker (CCB) amlodipine. 

METHODS 
Patients 

Study participants were recruited from consecutive 
patients diagnosed with EHT who were attending 
Ehime University Hospital or Matsuyama Red Cross 
Hospital. Hypertension was defined as 3 brachial 
sphygmomanometer measurements of sitting systolic 
blood pressure (SBP) >140 mm Hg and/or sitting dia- 
stolic blood pressure (DBP) >90 mm Hg. The patients 
in this population had not been treated previously 
with antihypertensive, antihypercholesteremic, or anti- 
platelet drugs. Overt DM was defined as fasting plasma 
glucose (FPG) levels of >126 mg/dL and treatment with 
antidiabetic medications. Antidiabetic drugs were con- 
tinued during the study, and dosages were not altered. 
Since serum creatinine level corrected for age is not 
commonly used as a measure of renal damage in Japan, 
renal damage was defined as a serum creatinine level 
>1.5 mg/dL, and patients in this category were exclud- 
ed from the study. Also excluded were patients with 
macroalbuminuria, defined as a urine albumin/creatinine 
>300 mg/g creatinine; patients with heart failure, previ- 
ous myocardial infarction, angina pectoris, or atrial fib- 
rillation; and patients who were pregnant. After screen- 
ing, 40 patients who matched the enrollment criteria 
were alternately assigned to the losartan or the amlo- 
dipine group, and received an initial dose of 50 mg/d 
losartan or 5 mg/d amlodipine. After 1 month, if a pa- 
tient had an SBP >140 mm Hg or a DBP >90 mm Hg, 
the dose of losartan was fitrated to 100 mg; for patients 
receiving amlodipine, the dose was fitrated to 10 mg. 
Blood and urine samples were evaluated before and after 
3 months of losartan or amlodipine treatment. The ethics 
committees of the Ehime University School of Medicine 
approved this study. Informed consent for all of the pro- 
cedures was obtained from each patient. 



Blood and Urine Sampling 
The levels of FPG and fasting immunoreactive in- 

sulin (IRI) were determined by the glucose oxidase 
method (Glucose AUTO & STAT GA-1160, ArkRAY 
Co., Kyoto, Japan) and by an immunoradiometric 
assay (INSULIN RIABEAD II, Dainabot Co., Tokyo, 
Japan), respectively. Measurements of total cholesterol, 
high-density lipoprotein (HDL) cholesterol, and tri- 
glycerides were performed with an automatic analyz- 
er (model TBA-60A, Toshiba Inc., Tokyo, Japan). For 
the simple assessment of IR, the HOMA index was 
calculated by the following formula: HOMA index = 
FPG (mg/dL) x IRI (pU/mL)/405. When the HOMA 
index exceeded 1.73, the patient was determined to 
have IR. ~ 

The serum adiponectin level and TNF-(x concentra- 
tion were measured by enzyme-linked immunosorbent 
assays (R&D Systems Inc., Minneapolis, Minnesota, 
and Biosource Inc., Camarillo, California, respectively). 
The intra- and interassay variability measurements of 
serum adiponectin and TNF-0t were both <5%. 

Statistical Anal) sis 
All values are expressed as means (SDs). The base- 

line characteristics of patients with IR and DM with- 
out IR were compared using a Fisher exact test. The 
Pearson correlation coefficient was used to test the as- 
sociations between 2 variables. Changes in SBP, DBP, 
adiponectin, and TNF-a after treatment were ana- 
lyzed by a paired t test. Values of P < 0.05 were con- 
sidered statistically significant. 

RESULTS 
Characteristics of Participants 

The clinical characteristics of the patients in this 
study are presented in Table I. Patients with a HOMA 
index >1.73 were diagnosed as having IR. 19~° The 
patients were divided into 3 groups: those who had 
EHT but not IR (n = 19) were termed R(-), those who 
had EHT and IR (n = 12) were termed IR(+), and 
those with EHT and DM (n = 9) were termed DM(+). 
IR(+) patients had a higher body mass index (BMI) 
(mean [SD], 26.1 [3.5] vs 22.6 [2.2] kg/m 2, respective- 
ly; P = 0.001) and triglyceride level (158 [106] vs 90 
[32] mg/dL, respectively; P = 0.007) than IR(-) patients. 
DM(+) patients also had a higher BMI and total cho- 
lesterol level than IR(-) patients (mean [SD], 26.5 
[2.2] vs 22.6 [2.2] kg/m 2, P = 0.001; and 212 [20] vs 
188 [28] mg/dL, P = 0.014, respectively). IR(+) pa- 

tients had a lower level of HDL cholesterol than IR(-) 
patients (mean [SD], 49 [14] vs 63 [15]; P = 0.011). 

Adiponectin Concentration 
IR(+) patients and DM(+) patients had a signifi- 

cantly lower adiponectin concentration than IR(-) pa- 
tients (mean [SD], 7.48 [5.54] vs 12.81 [7.36] pg/mL, 
P = 0.034; and 6.12 [3.04] vs 12.81 [7.36] pg/mL, 
P = 0.005, respectively; Figure 1). Adiponectin con- 
centration before treatment correlated negatively with 
BMI (r = -0.393; P = 0.012; Figure 2A) and HOMA 
index (r = -0.440; P = 0.005; Figure 2B) and correlat- 
ed positively with HDL cholesterol (r = 0.441; P = 
0.004; Figure 2C) in all patients. 

Treatment with Losartan and Amlodipine 
The baseline characteristics of patients before treat- 

ment with losartan or amlodipine are presented in 
Table II; there were no significant differences between 
the 2 groups. Patients treated with losartan (n = 20) 
had a significant decrease in SBP (mean [SD], 166 [19] 
to 140 [15] mm Fig; P < 0.001) and in DBP (93 [14] 
to 83 [10] mm Fig; P = 0.031). Patients treated with 
amlodipine (n = 20) also had a significant decrease in 
SBP (mean [SD], 164 [15] to 136 [15] mm Hg; P < 
0.001) and in DBP (96 [12] to 82 [10] mm Fig; 
e < 0.001). Patients treated with losartan had a signifi- 
cant increase in adiponectin concentration (mean [SD], 
9.56 [6.75] to 10.36 [6.94] pg/mL; P = 0.038); how- 
ever, patients treated with amlodipine had no signifi- 
cant change in adiponectin concentration (9.67 [6.62] 
to 10.01 [6.79] pg/mL; Figure 3). 

The effect of losartan or amlodipine on adiponec- 
tin concentration in IR(-) and IR(+) patients or in 
DM(+) patients also was analyzed. Losartan increased 
the adiponectin concentration in IR(-) patients (n = 10; 
mean [SD], 13.21 [7.39] to 14.52 [7.39] pg/mL; P = 
0.030), but did not significantly alter the adiponectin 
concentration in IR(+) or DM(+) patients (n = 10; 
5.92 [3.49] to 6.57 [3.99] pg/mL). In contrast, amlo- 
dipine did not significantly alter the adiponectin con- 
centration in IR(-) patients (n = 9; mean [SD], 12.36 
[12.89] to 12.89 [8.03] pg/mL) or in IR(+) or DM(+) 
patients (n =11; 7.47 [4.86] to 7.65 [4.73] pg/mL). 

There was no significant difference in the percent- 
age of relative change in adiponectin (after treatment/ 
before treatment vs before treatment) in IR(-), IR(+), 
or DM(+) patients in the losartan group (mean [SD], 
12.3% [13.7%] vs 13.3% [21.8%], respectivdy) or in 
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Table I. Clinical characteristics of  the study population of Japanese adults with essential hypertension. Values are 
mean (SD) unless otherwise specified. 

IR(-) IR(+) DM(+) 
Characteristic (n = 19) (n = 12) (n = 9) 

Sex, no. 
Male 9 
Female 10 

Age, y 64 (10) 64 

Body mass index, kg/m 2 22.6 (2.2) 26.1 

Blood pressure, mm Hg 
Systolic 166 (22) 166 
Diastolic 94 (11 ) 93 

Heart rate, beats/rain 73 (10) 72 

Lipids, mg/dL 
Total cholesterol 188 (28) 202 
Triglycerides 90 (32) 158 
High-density lipoprotein cholesterol 63 (15) 49 

Homeostasis model assessment index 1.0 (0.3) 2.8 

Other 
Fasting plasma glucose, mg/dL 100 (11 ) 104 
Fasting immunoreaccive insulin, IJU/mL 3.9 (1.1) 11.0 

7 5 
5 4 

(12) 63 (11) 

(3.5)* 26.5 (2.2)* 

(12) 163 (14) 
(16) 99 (12) 
(10) 74 (12) 

(10) 212 (20)* 
(106)* 113 (34) 
(14) 55 (12) 
(1.0)* 2.7 (0.9)* 

(12) 141 (50)*t 
(4.4)* 8.4 (3.9)* 

IR(-) - without insulin resistance; IR(+) - with insulin resistance; DM(+) - with diabetes mellitus. 
*P < 0.05 versus IR(-). 
tp < 0.05 versus IR(+). 
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Figure 1. Serum adiponectin concentration of patients with essential hypertension without insulin resistance 
(IR[-]), with insulin resistance (IR[+]), and with diabetes mellitus (DM[+]). *P < 0.05. 
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Table II. Baseline characteristics of  Japanese adults with essential hypertension before treatment. Values are mean 
(SD) unless otherwise specified. 

Amlodipine Losartan 
Variable (n = 20) (n = 20) P 

Sex, no. 
Male 12 9 
Female 8 1 1 

Age, y 63 (13) 65 (7) 0.536 
Body mass index, kg/m 2 24.5 (2.8) 24.5 (3.6) 0.961 

Blood pressure, mm Hg 
Systolic 164 (15) 166 (I 9) 0.723 
Diastolic 96 (12) 93 (14) 0.471 

Heart rate, beats/min 75 (9) 71 ( I0)  0.319 

Lipids, mg/dL 
Total cholesterol 199 (24) 197 (25) 0.826 
Triglycerides 101 (43) 131 (86) 0.175 
High-density lipoprotein cholesterol 58 (16) 56 (14) 0.691 

Homeostasis model assessment index 1.98 (I .I 7) 1.80 (I .I 0) 0.615 

Insulin resistance 
No insulin resistance I0 9 
Insulin resistance 6 6 
Diabetes mellitus 4 5 

Adiponectin, IJg/mL 9.67 (6.62) 9.56 (6.75) 0.962 
Other 

Fasting plasma glucose, mg/dL 112 (30) 109 (30) 0.685 
Fasting immunoreactive insulin, pU/mL 7.4 (4.8) 6.7 (0.9) 0.662 

Figure 3. 
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the amlodipine group (3.6% [5.7%] vs 8.0% [22.6%]). 
The percentage of relative change in adiponectin con- 
centration in all patients was a mean (SD) of 12.8% 
(17.7%) in the losartan group and 6.0% (17.0%) in the 
amlodipine group. There was no correlation between 
blood pressure changes and adiponectin concentrations 
in either the losartan or amlodipine group (r = 0.199 
and r = 0.162, respectively). 

The difference in TNF-cz concentration before and 
after treatment with losartan and amlodipine did not 
reach statistical significance (mean [SD], 15.2 [1.4] 
to 14.8 [1.5] pg/mL; and 14.3 [1.4] to 14.5 [1.7] pg/mL, 
respectively; Figure 4). No adverse events were report- 
ed during the experimental period in either group. 

DISCUSSION 
Several studies have reported that adipocytes synthe- 
size and secrete biologically active molecules. 2s-3° These 
molecules, collectively known as adipocytokines, in- 
clude TNF-~ leptin, free fatty acids, and adiponec- 
tin. 2s Adiponectin, an adipocytokine first identified in 
the mid-1990s, 29 has potent anti-inflammatory and 
atheroprotective effects on vascular tissue and an 
insulin-sensitizing effect on tissues involved in glucose 
metabolism, s-t° In a study by Murakami et al, 3° hypo- 

adiponectinemia was found only in patients with 
EHT and IR, there was no significant difference be- 
tween normointensive patients and patients who had 
EHT without IR, and IR was found to be associated 
with adiponectin concentration. In the present study, 
IR(+) or DM(+) patients with EHT had significantly 
lower adiponectin concentrations than IR(-) patients or 
patients with EHT who did not have DM. Similar to 
the results of one of our previous studies, adiponectin 
concentration correlated negatively with the BMI and 
the HOMA index, and correlated positively with 
HDL cholesterol) ° 

Although historically the euglycemic clamp has 
been considered the gold standard for measuring IR, 
some reseachers are now using the HOMA index to 
estimate basal IR. 3t In this study, estimates of IR using 
the HOMA index (r = 0.08; P < 0.001)3z correlated 
well with estimates measured by the euglycemic clamp 
(r = 0.85; P < 0.001). 33 

Furuhashi et a127 reported that the renin- 
angiotensin system (RAS) blockade produced by the 
angiotensin-converting enzyme inhibitor temocapril 
or the ARB candesartan significantly increased adipo- 
nectin concentration in patients with EHT (all, P < 
0.05).1 s They further suggested that this mechanism 
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Figure 4. Change in serum tumor necrosis factor-alpha ('I'NF-~) concentration in patients treated with (A) amlodipine 
and patients treated with (B)Iosarran. 



resulted in enhanced insulin sensitivity. A recent study 
by Clasen et aP 4 reported that certain ARBs appear to  

possess peroxisome proliferator-activated receptor--7 
(PPART) agonist activity. The authors also found that 
angiotensin II and irbesartan induced adiponectin 
protein expression in 3T3L1 cells. Angiotensin II in- 
duced adiponectin protein via the angiotensin type 2 
receptor, and irbesartan induced adiponectin protein 
via PPAR 7 activation. Additionally, a losartan me- 
tabolite, EXP3179, was found to induce partial 
PPAR 7 activation in vitro, ss At present, however, no 
clinical studies have reported that losartan activates 
PPARy. 

Another mechanism of enhancing insulin sensitiv- 
ity was proposed by Sharma et al, 36 who hypothesized 
that RAS blockade promotes the recruitment and dif- 
ferentiation of preadipocytes, which increases the for- 
mation of small insulin-sensitive adipocytes that 
counteract the ectopic deposition of lipids in muscle 
tissue and the liver, resulting in improved insulin 
sensitivity. These small insulin-sensitive adipocytes 
secrete adiponectin preferentially, and conversely, di- 
minish TNF-~ secretion. In this study there was an in- 
crease in adiponectin concentration after 3 months of 
treatment with losartan, but there was no decrease in 
TNF-a concentration. Because this study included a 
group of patients with EHT who were treated with 
amlodipine, the results suggest that a reduction in 
blood pressure per se did not change serum adiponec- 
tin concentrations. 

The CCB amlodipine was compared with the ARB 
losartan in this study because amlodipine is metaboli- 
cally neutral, unlike diuretics and ~-blockers. 21 How- 
ever, the study did not include a placebo group or a 
normotensive group treated with an ARB or a CCB. 
Further study is needed to clarify these issues in a larg- 
er number of patients. Another limitation of this study 
is that because it included patients with DM receiving 
treatment with antidiabetic medications, the influence 
of these medications on IR and on serum adiponectin 
concentration before and after treatment with losar- 
tan or amlodipine could not be eliminated. 

CONCLUSIONS 
Losartan, but not amlodipine, increased the adiponec- 
tin concentration in Japanese adult patients with EHT. 
Additional research in a larger population is needed to 
confirm these preliminary findings in patients with 
EHT who are IR(-), IR(+), and DM(+). 
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