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Comparison of Effects of Olmesartan and 
Telmisartan on Blood Pressure and Metabolic 
Parameters in Japanese Early-Stage Type-2 

Diabetics with Hypertension

Shiho NAKAYAMA1), Hirotaka WATADA1), Tomoya MITA1), Fuki IKEDA1), 

Tomoaki SHIMIZU1), Hiroshi UCHINO1), Yoshio FUJITANI1),2), 

Takahisa HIROSE1),2), and Ryuzo KAWAMORI1),2)

Angiotensin II type-1 receptor blockers (ARBs) are regarded as first-line treatments for type-2 diabetes with

hypertension. Despite the availability of various types of ARBs, there are no comparative studies of their

effects on patients with diabetes. In this open-label prospective crossover study, we compared the effects

of olmesartan (20 mg/day) and telmisartan (40 mg/day). Twenty Japanese early-stage type-2 diabetes

patients with hypertension treated with valsartan (80 mg/day) for at least 8 weeks were recruited to this

study. At study entry, valsartan was changed to olmesartan (20 mg/day) or telmisartan (40 mg/day) and

administered for 8 weeks. The drugs were then switched and treatment was continued for another 8 weeks.

We analyzed the blood pressure lowering effects of each drug by 24-h ambulatory blood pressure monitor-

ing at 0, 8, and 16 weeks. Simultaneously, we measured metabolic parameters and inflammation markers.

Olmesartan lowered mean systolic and diastolic blood pressure more significantly than did telmisartan.

While there were no differences between the groups in metabolic parameters, including HbA1c and adi-

ponectin, the decreases in serum interleukin-6 and highly sensitive C-reactive protein were more significant

by olmesartan treatment. Our results indicate that olmesartan has more potent arterial blood pressure low-

ering and anti-inflammatory effects than telmisartan. (Hypertens Res 2008; 31: 7–13)

Key Words: angiotensin, hypertension, type-2 diabetes, inflammation, peroxisome proliferation–activated

receptor γ 

Introduction

 

Patients with type-2 diabetes are at high risk for developing
cardiovascular diseases, which are also the most common
cause of death in these patients. In type-2 diabetes, the preva-
lence of hypertension is higher than in the general population
(

 

1

 

). Hypertension complicated with diabetes increases the
incidence of cardiovascular disease (

 

2

 

). Thus, to reduce car-

diovascular events in patients with type-2 diabetes, treatment
of hypertension in addition to glycemic control is important
(

 

2

 

, 

 

3

 

). The importance of strict blood pressure control in
patients with type-2 diabetes was emphasized in the Seventh
Report of the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure (JNC
7) (

 

4

 

). The report recommends a blood pressure target of
<140/90 mmHg for most patients with uncomplicated hyper-
tension. On the other hand, the report and the Japanese Soci-
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ety of Hypertension (

 

5

 

) also recommends <130/80 mmHg for
hypertensive patients with diabetes mellitus.

Angiotensin II type-1 receptor blockers (ARB) are widely
used for the treatment of hypertension (

 

6

 

). They also have
beneficial effects on hypertension-related cardiovascular end-
organ damage, at least in part through a reduction of oxidative
stress and inflammation (

 

7

 

, 

 

8

 

). In addition, they substantially
lower the risk of type-2 diabetes compared with other antihy-
pertensive therapies, probably by regulating insulin sensitiv-
ity (

 

9

 

, 

 

10

 

).
Among the several ARBs available in the clinical setting,

olmesartan is thought to have a significantly stronger blood
pressure lowering effect than losartan or valsartan with their
respective starting doses (  11  ,  12  ). In addition, recent data
demonstrated that olmesartan more adequately achieved
ambulatory blood pressure monitoring (ABPM) goals during
the early morning surge period than did candesartan (

 

13

 

).
Considering the importance of strict blood pressure control
(

 

14

 

), olmesartan offers certain advantages in clinical use.
With regard to its metabolic effect, telmisartan has the

unique property of selective peroxisome proliferation–acti-
vated receptor 

 

γ

 

 (PPAR

 

γ

 

)–modulating activity, at least 

 

in
vitro

 

 (

 

15

 

–

 

17

 

). Thus, telmisartan might have clinical effects
similar to those of PPAR

 

γ

 

 agonists, such as improving insulin
resistance and increasing serum adiponectin levels. In fact, a
recent study demonstrated that replacement of valsartan with
telmisartan reduced serum highly sensitive C-reactive protein
(hs-CRP) and increased serum adiponectin (

 

18

 

). Another
study revealed that telmisartan has superior effects on meta-
bolic parameters compared to losartan in hypertensive
patients with metabolic syndrome (

 

19

 

). In addition, telmisar-

tan’s blood pressure lowering effect is reported to last longer
than valsartan’s (

 

20

 

).
To gain insight into the respective properties of ARB for

type-2 diabetic patients with hypertension, an open-label
crossover trial was conducted to compare the efficacy of the
starting doses of olmesartan and telmisartan on blood pres-
sure, metabolic parameters, and inflammatory parameters.

 

Methods

 

Subjects

 
All patients with type-2 diabetes mellitus who visited Jun-
tendo University Hospital (Tokyo, Japan) or Secomedic Hos-
pital (Funabashi, Japan) from March 2006 to August 2006
were asked to participate in the study. The inclusion criteria
were patients with type-2 diabetes mellitus and hypertension
who were being treated with valsartan 80 mg once daily for at
least 8 weeks. Patients with HbA1c exceeding 7.0% and/or
patients treated with insulin or more than a minimal dose of
sulfonylurea agents were excluded from the study. In addi-
tion, patients with diabetic microangiopathy, severe renal or
hepatic disease, overt cardiovascular disease, or malignancy
were excluded. A total of 20 Japanese subjects were recruited
for this study. The hospital ethics committee approved this
study protocol, and informed consent was obtained from each
subject.

 

Study Design

 

An open-label crossover design was used. After completion

 

Fig. 1.

 

Study protocol. The study protocol is shown in this schematic diagram. Blood sampling and ABPM were performed at
week 0 for basal data. Blood samples obtained at week 8 or week 16 were used for evaluation of each drug. W, week.
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of a run-in period consisting of once-daily administration of
valsartan 80 mg, blood pressure during a 24-h interval was
monitored with ABPM, and fasting blood samples were col-
lected. The participants were then randomized into one of two
treatment groups who received either 20 mg olmesartan
medoxomil or 40 mg telmisartan once daily in the morning
instead of valsartan. After 8 weeks of olmesartan/telmisartan
treatment, blood pressure was again monitored with ABPM
and fasting blood samples were collected. Then, the subjects
on olmesartan were switched to telmisartan and those on
telmisartan were switched to olmesartan. This treatment was
given for 8 weeks, after which another ABPM was performed
with fasting blood sampling (Fig. 1). All subjects were
advised to consume their usual diet during the study period.
Each patient was reviewed for general health and compliance
with medication, which was assessed by tablet counts and
checking of blood pressure, body weight, diet, and exercise
status at each visit. During this study period the medication
was not altered except for ARBs. The clinical characteristics
of the study patients are listed in Table 1.

 

Definition of Metabolic Syndrome

 

We used the definition proposed by the Japanese Society of
Internal Medicine (JSIM). Participants who had obesity
(waist: male 

 

≥

 

85 cm, female 

 

≥

 

90 cm) plus at least two of the
following three components were defined as JSIM-MS (met-
abolic syndrome): 1) high-density lipoprotein (HDL) choles-
terol 

 

≤

 

1.036 mmol/L or triglyceride 

 

≥

 

1.695 mmol/L or
medication for hyperlipidemia, 2) fasting glucose 

 

≥

 

6.10
mmol/L or medication for diabetes; 3) blood pressure 

 

≥

 

130/

85 mmHg or taking an antihypertensive.

 

Biochemical Measurements

 

Blood samples were obtained between 8:00 and 10:00 after
overnight fasting. Serum lipids (total cholesterol, HDL cho-
lesterol, low-density lipoprotein [LDL] cholesterol, and tri-
glycerides), glucose, and HbA1c were measured with
standard techniques. Insulin, high-sensitivity interleukin (IL)-
6, high-sensitivity intercellular adhesion molecule (ICAM)-1,
high-sensitivity vascular cell adhesion molecule (VCAM)-1,
IL-18, and adiponectin were measured by enzyme immunoas-
say, and hs-CRP was measured by latex nephelometry, both
in a private laboratory (BML Laboratory, Chiba, Japan). The
homeostasis model assessment of insulin resistance (HOMA-
IR) was calculated as the product of fasting plasma insulin
(

 

μ

 

U/mL) and fasting plasma glucose level (mmol/L) divided
by 22.5.

 

ABPM

 

Ambulatory blood pressure monitors (A&D Company,
Tokyo, Japan) were used for 24-h ABPM. On the day of
ABPM, study medication was administered as close to 8:00
as possible and about 24 h after the previous medication.
After the ABPM device was attached, blood pressure was
recorded every 60 min. The device was removed after a min-
imum of 24 h of recording. The daytime (7:00–22:00) and
nighttime (0:00–6:00) ABPM were also defined as previously
reported (

 

21

 

).

 

Statistical Analysis

 

Two-way analysis of variance (ANOVA) was used to com-
pare demographic and laboratory parameters between the
olmesartan- and telmisartan-treatment groups. To approxi-
mate normal distribution, natural log-transformed values for
IL-6 and IL-18 were used in the analysis, and were reported
as the geometric means and 95% confidence intervals (CI) for
those means. ANOVA was used to analyze the ABPM data of
the olmesartan- and telmisartan-treated groups. All statistical
tests were two-sided with a 5% significance level. Data are
presented as mean

 

±

 

SD.

 

Results

 

All enrolled patients (

 

n

 

=20) completed the trial. The demo-
graphic characteristics and mean baseline data are shown in
Tables 1–3. The subjects were relatively obese (body mass
index [BMI] 25.6

 

±

 

1.1 kg/m

 

2

 

), and their rate of metabolic
syndrome was 65%. Their blood glucose, blood pressure, and
lipid data were well controlled.

Figure 2 shows the mean hourly systolic and diastolic blood
pressures, and Table 2 shows the mean blood pressure ana-
lyzed by 24-h ABPM. The recommended target blood pres-

 

Table 1. Baseline Characteristics of Study Subjects

 

Age (years) 63.7

 

±

 

6.9
Gender (male/female) 14/6
Body weight (kg) 66.0

 

±

 

11.4
Body mass index (kg/m

 

2

 

) 25.6

 

±

 

1.1
Waist (male/female) (cm) 87.8

 

±

 

2.2/85.1

 

±

 

7.5
Mean duration of diabetes (years) 8.1

 

±

 

10.8
Current smokers (

 

n

 

) 11
Presence of metabolic syndrome (

 

n

 

) 13
Medications
Other antihypertensive medication

Calcium antagonist (

 

n

 

) 9
Diuretic (

 

n

 

) 3
Hypoglycemic treatment

Sulfonylurea (

 

n

 

) 8
Glinide (

 

n

 

) 1

 

α

 

-Glucosidase (

 

n

 

) 4
Thiazolinedione (

 

n

 

) 1
Statin (

 

n

 

) 2
Aspirin (

 

n

 

) 4

 

n

 

=

 

20. Data are mean

 

±

 

SD or number of subjects.
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sure level (<130/80 mmHg) was achieved in 8, 9, and 7 cases
during valsartan, olmesartan, and telmisartan treatment,
respectively. Olmesartan reduced systolic, diastolic, and
mean blood pressure by 3.3, 2.7, and 3.1 mmHg more than
did telmisartan, respectively; these were statistically signifi-
cant differences. Similarly, olmesartan significantly reduced
diastolic and mean blood pressure during the daytime by 3.2
and 3.1 mmHg, and reduced systolic, diastolic, and mean
blood pressure during the nighttime by 5.4, 3.3, and 4.0
mmHg, respectively, more than telmisartan did; these differ-
ences between treatments were statistically significant. The
metabolic markers, including HbA1c, HOMA-IR, and serum
adiponectin, were comparable between the two treatments.
On the other hand, among the inflammation markers investi-

gated in the present study, IL-6 and hs-CRP were reduced by
olmesartan significantly more than the reduction by telmisar-
tan.

 

Discussion

 

Our data demonstrated that olmesartan at 20 mg/day had
more potent blood pressure lowering and anti-inflammatory
effects than telmisartan at 40 mg/day. Although recent data
demonstrated that telmisartan has unique PPAR

 

γ

 

-modulating
activity (

 

15

 

–

 

17

 

), the metabolic parameters during each treat-
ment were comparable.

In this study, we compared the blood pressure lowering
effects of each ARB by 24-h ABPM. With regard to mean

 

Table 2. Blood Pressure (mmHg) Recorded by 24-h ABPM during Each Treatment

 

Variables Baseline (varsartan) Olmesartan Telmisartan

 

p

 

 value*

24 h
Systolic BP 133.6

 

±

 

12.1 129.4

 

±

 

15.8 132.7

 

±

 

18.3 0.0305
Diastolic BP 75.5

 

±

 

6.3 74.6

 

±

 

7.4 77.3

 

±

 

8.7 0.0087
Mean BP 94.9

 

±

 

7.7 92.7

 

±

 

9.9 95.8

 

±

 

11.6 0.0058
Daytime (7:00–22:00)

Systolic BP 139.7

 

±

 

14.0 134.1

 

±

 

17.5 136.3

 

±

 

16.7 0.2097
Diastolic BP 78.8

 

±

 

6.4 76.9

 

±

 

8.5 80.1

 

±

 

9.3 0.0215
Mean BP 99.1

 

±

 

8.5 95.7

 

±

 

11.2 98.8±11.4 0.0241
Nighttime (00:00–6:00)

Systolic BP 121.4±17.9 119.5±20.3 124.9±21.6 0.0281
Diastolic BP 68.9±12.0 69.6±9.6 72.9±10.0 0.0321
Mean BP 86.4±13.5 86.2±12.7 90.2±13.4 0.0212

Data are mean±SD. ABPM, ambulatory blood pressure; BP, blood pressure. *p values by ANOVA for differences between data of the
olmesartan and telmisartan groups.

Table 3. Biochemical Measurements at Baseline, Olmesartan Treatment, and Telmisartan Treatment

Baseline (valsartan) Olmesartan Telmisartan p value

HbA1c (%) 6.2±0.5 6.3±0.5 6.1±0.3 n.s.
Fasting blood sugar (mmol/L) 7.5±2.2 7.6±2.6 7.5±1.8 n.s.
Insulin (μU/mL) 7.3±5.3 10.4±1.6 9.0±6.8 n.s.
HOMA-IR 2.0±1.1 2.3±1.2 2.4±1.4 n.s.
Total cholesterol (mmol/L) 5.2±0.6 5.2±0.8 5.2±1.0 n.s.
HDL cholesterol (mmol/L) 1.4±0.4 1.4±0.3 1.4±0.4 n.s.
LDL cholesterol (mmol/L) 3.0±0.3 3.0±0.7 3.1±0.6 n.s.
Triglyceride (mmol/L) 14.7±6.6 21.0±25.1 17.8±18.1 n.s.
VCAM-1 (ng/mL) 834±395 864±401 922±404 n.s.
ICAM-1 (ng/mL) 300±75 326±83 316±76 n.s.
Adiponectin (μg/mL) 12.9±10.6 14.0±12.4 13.6±9.8 n.s.
hs-CRP (mg/dL) 0.076±0.063 0.078±0.05 0.144±0.146 0.00418
log interleukin-6 (pg/mL) 1.6±1.7 1.43±1.84 1.9±2.2 0.00133
log interleukin-18 (pg/mL) 183±63 187±68 197±66 n.s.

Data are mean±SD. *p values by ANOVA for differences between data of the olmesartan and telmisartan groups. HDL, high-density
lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; VCAM-1, vascular cell
adhesion molecule; ICAM-1, intercellular adhesion molecule-1; hs-CRP, highly sensitive C-reactive protein; n.s., not significant.
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blood pressure on a particular day, olmesartan was signifi-
cantly more effective than telmisartan at reducing systolic,
diastolic, and mean blood pressure. Recently, several large
trials showed that strict blood pressure control could reduce
the onset of cardiovascular disease in patients with type-2 dia-
betes (2, 3, 22). For example, a 4 mmHg fall in diastolic blood
pressure in the Hypertension Optimal Treatment (HOT) study
was equated with a 51% decrease in the onset of cardiovascu-
lar disease (2). Similarly, a 1.92 mmHg decrease in systolic
blood pressure in the Heart Out-comes Prevention Evaluation
(HOPE) study was equated with a 25% reduction in cardio-
vascular mortality in type-2 diabetic patients (3, 22). There-
fore, the fall in arterial pressure recorded in our study was
more than a subtle change. In addition, olmesartan therapy
reduced mean systolic and diastolic blood pressure to below
130/80 mmHg, which is recommended by JNC 7 (4) and
ESH/ESC (23).

After adjustment for classic risk factors, the increases in
24-h daytime (8:00–20:00) and nighttime (0:00–6:00) ambu-
latory blood pressure were associated with cardiovascular
events (24). While olmesartan and telmisartan are regarded as

ARBs with a longer duration of action (13, 25), olmesartan
significantly reduced both daytime and nighttime mean blood
pressure levels compared with telmisartan. These results sug-
gest that the superiority of olmesartan’s blood pressure lower-
ing effect might depend on its strength rather than on the
duration of its pharmacological action.

In addition to their beneficial effects on lowering blood
pressure, ARBs have anti-atherogenic effects by blocking
angiotensin II, which promotes oxidative stress, inflamma-
tion, vasoconstriction, and thrombosis (7, 8), as well as anti-
diabetic effects by regulating insulin sensitivity (9, 10, 26). In
this study, we evaluated the effects of olmesartan and telmi-
sartan on inflammatory markers. Several recent studies have
demonstrated that olmesartan, but not telmisartan, reduces
serum IL-6 level (27–29). In agreement with these data, we
also found that serum hs-CRP and IL-6 levels were signifi-
cantly lower by olmesartan than by telmisartan treatment.
Angiotensin II is known as one of the main effector peptides
inducing IL-6 expression in vascular smooth muscle cells (30,
31). In addition, it is well known that IL-6 induces CRP
expression. Because ARB’s blood pressure lowering effect
seems to parallel the effect of angiotensin II blocking, it is
conceivable that olmesartan, a stronger ARB, can reduce
serum IL-6 level more efficiently than telmisartan.

Recent studies suggest that telmisartan, but not other
ARBs, could act as a partial PPARγ agonist (15–17). Since
PPARγ plays an important role in the regulation of insulin
sensitivity, at least in part by increasing serum adiponectin
level (32, 33), telmisartan might have a preferable effect on
patients with diabetes. In a 3-month study comparing telmi-
sartan 80 mg and losartan 50 mg in hypertensive patients with
metabolic syndrome, only telmisartan improved blood glu-
cose level and insulin sensitivity (19). Here, we compared the
effects of olmesartan and telmisartan on various metabolic
parameters. However, our results showed no differences in
metabolic parameters, including serum adiponectin level,
between telmisartan and olmesartan. It is not clear why telmi-
sartan did not change metabolic parameters in our study. We
used a starting dose of telmisartan (40 mg/day) for 8 weeks. It
is possible that a higher dose and/or longer administration
may be required to observe the unique metabolic effect of
telmisartan. In addition, baseline HOMA-IR in the present
study was smaller than in the previous study that showed
telmisartan’s clinical effect on insulin sensitivity (19). It
might be difficult to observe the metabolic effect of telmisar-
tan in subjects with low insulin resistance. In fact, recent data
demonstrated that telmisartan has a neutral effect on insulin
resistance in hypertensive metabolic syndrome with relatively
low HOMA-IR (34). However, the gold standard of insulin
sensitivity measurement is the hyperinsulinemic euglycemic
glucose clamp method. Further studies are needed to assess
the effect of telmisartan on insulin resistance by hyperin-
sulinemic euglcyemic glucose clamp. It is noteworthy that
other studies reported that telmisartan improves glycemic
control and insulin sensitivity without affecting serum adi-

Fig. 2. Changes in mean profiles of hourly systolic (a) and
diastolic (b) blood pressure in each treatment.
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ponectin levels (35–37). In rats fed a high-fat, high-carbohy-
drate diet, telmisartan treatment promoted increases in caloric
expenditure and protected against dietary-induced weight
gain (38). They demonstrated that these findings may be due
to the increased expression of genes for regulating mitochon-
drial function and energy metabolism (17) in skeletal muscle,
suggesting that this effect does not necessarily depend on adi-
ponectin’s effect. Thus, it is possible that telmisartan
improves insulin sensitivity without affecting serum adi-
ponectin level also in the clinical setting.

In conclusion, at clinical doses in patients with type-2 dia-
betes, olmesartan seems to have more potent blood pressure
lowering and anti-inflammatory effects than telmisartan, but
similar effects on metabolic parameters. Our results suggest
that olmesartan can be considered an ideal agent to prevent
future onset of cardiovascular disease in type-2 diabetic
patients with hypertension.
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