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Background: In addition to exerting a blood pressure (BP)-lowering effect, telmisartan produces
favorable metabolic effects via peroxisome proliferator-activated receptor y activation. While
a combination of telmisartan and a calcium channel blocker is often used to achieve a target
BP level, the metabolic effects of this drug combination remain unclear. Therefore, this study
evaluated the metabolic effects of telmisartan plus nifedipine controlled release (CR) therapy,
in hypertensive patients without metabolic disease.

Methods: Sixteen patients with essential hypertension, who had not undergone antihyper-
tensive therapy in the previous 6 months, were studied. Patients were initiated on telmisartan
(40 mg/day). If their office BP was not reduced to 140/90 mmHg after 6 weeks, nifedipine CR
(2040 mg per day) was added for 18 weeks. The other patients whose BP had achieved the
target of 140/90 mmHg, continued only telmisartan.

Results: Telmisartan reduced BP (174 £ 13/92 £ 10 to 143 £22/78 £ 11 mmHg; P < 0.01) at
6 weeks in 16 patients, but eight patients did not achieve target BP levels and required addition
of nifedipine. Telmisartan also resulted in a reduction in the homeostatic model assessment
of insulin resistance (HOMA-IR) (1.30 £ 0.65 to 1.10 £ 0.42; P < 0.05) at 6 weeks, but did
not affect adiponectin or leptin levels. Addition of nifedipine (n = 8) resulted in a reduction
in BP (158 £ 18/80 £ 13 to 131 £ 8/73 £ 13 mmHg; P < 0.01) at 18 weeks, but did not affect
the HOMA-IR (1.10 £ 0.40 to 1.02 £ 0.56; ns). In patients who did not require addition
of nifedipine (n = §8), BP levels remained nearly identical at 18 weeks (127 £+ 13/73 = 9 to
128 £ 13/68 £ 8§ mmHg; ns), and HOMA-IR also remained nearly identical.

Conclusions: Telmisartan produced a favorable metabolic effect in hypertensive patients with-
out preexisting metabolic disorders. Addition of nifedipine CR produced further BP-lowering
effects, and resulted in maintenance of metabolic indices.

Keywords: metabolic effect, essential hypertension, combination therapy, telmisartan,
nifedipine CR

Introduction

While the angiotensin receptor blocker (ARB) telmisartan is widely used for its
antihypertensive properties,'* it may also exert favorable metabolic effects through
peroxisome proliferator-activated receptor (PPAR) 7y activation.® In fact, PPARY
activation is higher with telmisartan than with other ARBs,” and telmisartan has been
shown to produce favorable metabolic effects in patients with hypercholesterolemia,®'°
diabetes mellitus,!'? and metabolic syndrome.'*'® However, the metabolic effects of
telmisartan have not been evaluated in hypertensive patients without these metabolic
disorders.
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Long-acting calcium channel blockers (CCBs) are
also widely used as antihypertensive therapy, and have the
advantage of having few contraindications to their use.!>!7:8
Combination of multidrug regimens has been reported to
increase the efficiency of blood pressure reduction and
to reduce adverse effects for patients who fail to respond to
single-drug therapy.'>!"!¥ In these patients, a combination of
ARB and CCB is a popular option. While several studies'*?
have described the effects of CCB on PPARY activation, the
combined effects of CCB and ARB in the clinical setting
have not been investigated. Therefore, the goal of the present
study was to evaluate the metabolic effects of a combination
of telmisartan and a long-acting CCB, nifedipine (nifedipine
controlled release [nifedipine CR]), in patients with essential
hypertension.

Methods

Patients and protocol

We enrolled 16 outpatients with essential hypertension
(66 £ 9 years old, six males) whose office systolic blood pres-
sure (SBP) was greater than 140 mmHg or whose diastolic
blood pressure (DBP) was greater than 90 mmHg on more
than two different occasions. Patients did not have diabetes
mellitus, hypercholesterolemia, metabolic syndrome or car-
diovascular disease, and were not taking any antihypertensive
medicines for at least 6 months. Patients were initiated on
telmisartan (40 mg per day), and if their office BP was not
reduced to 140/90 mmHg after 6 weeks, then nifedipine CR
(2040 mg per day) was added for 18 weeks. Subsequent
evaluations included their office BP, heart rate, body weight,
blood chemistry analysis, homeostatic model assessment
of insulin resistance (HOMA-IR; calculated as fasting
blood glucose (mg/dL) x fasting insulin (WU/mL)/405), and
adiponectin and leptin levels at baseline and with medical
therapy. Each patient provided written informed consent to
participate in this study, and all protocols were approved by
the Ethics Committee of Inoue Hospital. This study complies
with the Declaration of Helsinki.

BP and hematological/biochemical
analysis

Blood pressure (BP) and heart rate were measured by a nurse,
at the brachial artery and in the sitting position, according to
the Korotkoff method. Blood samples were taken with the
patient in the supine rest position, at 8:00-9:00 am before
breakfast and repeated after a 20-minute period. Hematological
parameters, including hemoglobin, white blood cell count
and platelet count; and biochemical parameters, including

total protein, total bilirubin, aspartate aminotransferase,
alanine aminotransferase, creatine kinase, uric acid, blood
urea nitrogen, creatinine, sodium (Na) level, and potassium
(K) levels, were measured at baseline, at 6 weeks, and at
24 weeks. Other measured parameters included low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, total cholesterol, triglycerides, and
glycated hemoglobin (HbA ), as metabolic parameters;
C-reactive protein (CRP) as an inflammatory parameter;
serum noradrenaline, renin activity, and aldosterone, as
neurohormonal parameters; and leptin, adiponectin, and
HOMA-IR, as PPARY activation parameters.

Statistical analysis

Results are expressed as mean * standard deviation. Statistical
significance of mean values was estimated using a paired 7 test
and repeated measures analysis of variance (ANOVA), and
post hoc comparison was performed using Scheffe’s test.
A P value < 0.05 was considered statistically significant.

Results

Changes in BP and heart rate

Telmisartan reduced BP at 6 weeks (174 = 13/92 £ 10 to
143 £22/78 £ 11 mmHg; P < 0.01) but had no significant
effect on heart rate (Figure 1). Eight patients did not achieve
the target BP of 140/90 mmHg in response to telmisartan,
and required addition of nifedipine. Overall SBP in patients
with additional nifedipine was higher than that without
nifedipine during the following period (group difference of
SBP; P < 0.01) (Figure 2). DBP in patients with additional
nifedipine tended to be higher, but this was not statistically
significant. In patients requiring addition of nifedipine, SBP
decreased significantly after taking telmisartan (183 £ 10 to
158 £ 18 mmHg; P < 0.01), and decreased further after
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Figure | Blood pressure and heart rate in all patients (n = 16) at baseline and after
taking telmisartan for 6 weeks.

Notes: In the left panel, the upper side of the rectangle shows the mean value of
systolic blood pressures, and the lower side shows that of diastolic pressures. Values
are mean = standard deviation; **P < 0.01.
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Figure 2 Blood pressure and heart rate at baseline and after taking telmisartan and
nifedipine CR.

Notes: White bars represent the group that received only telmisartan (n = 8) and
grey bars represent the group that received combined treatment of telmisartan +
nifedipine CR (n = 8). Values are mean + SD; **P < 0.01, compared with baseline;
#P < 0.01, compared with 6 weeks.

Abbreviation: CR, controlled release.

adding nifedipine (158 £ 18 to 131 + 8§ mmHg; P < 0.01).
DBP decreased after taking telmisartan (93 = 10 to
80 £ 13 mmHg; P < 0.01), but it did not decrease signifi-
cantly after adding nifedipine (80 £ 13 to 73 & 13 mmHg; ns)
in these patients. In patients who did not require addition of
nifedipine, SBP and DBP decreased after taking 6 weeks of
telmisartan (166 £ 10/92 = 11 to 127 + 13/73 = 9 mmHg;
P < 0.01), and BP levels remained nearly identical at
18 weeks (127 £ 13/73 £ 9 to 128 + 13/68 £ 8 mmHg; ns).
Heart rate did not change during the study period regard-
less of drug regimen (Figure 2). Two patients who required
addition of nifedipine CR still did not achieve target BP levels
by the end of the study.

Changes in metabolic and neurohormonal

paramete rs

Hematological and biochemical parameters did not change
significantly before and after 6 weeks of telmisartan, with the
exception of serum creatinine (0.75+0.23t00.71 £0.21 mg/dL;
P < 0.05). None of these parameters changed over the study
period, regardless of drug regimen (data not shown).

Body weight, serum lipids, HbA, , CRP, noradrenaline
and aldosterone did not change significantly after 6 weeks
of telmisartan, whereas plasma renin activity increased
(0.8£0.7to 1.8 £ 1.6 ng/mL/hour; P < 0.01) (Table 1). None
of these parameters changed over the remainder of the study
period, regardless of drug regimen (Tables 1 and 2). Among
the PPARY activation parameters, however, a 6-week course
of telmisartan resulted in reduction of HOMA-IR (1.30 £0.65
to 1.10 = 0.42; P < 0.05), but no change in adiponectin or
leptin levels (Figure 3). Over the remainder of the study,

Table | Metabolic and neurohormonal parameters at baseline
and after taking telmisartan for 6 weeks

Baseline After telmisartan
BW (kg) 55.5+ 104 555+ 10.1
LDL (mg/dL) 113 +£27 116 £ 31
HDL (mg/dL) 59+ 10 5710
T-C (mg/dL) 198 + 33 192 £ 30
TG (mg/dL) 106 + 42 98 + 34
FBG (mg/dL) 100+ 10 97 +8
Insulin (WU/mL) 53+24 46+ 1.7
HbA, (%) 52+0.2 53102
Na (mEq/L) 141 £2 142 £2
K (mEg/L) 42+0.6 43102
CRP (mg/dL) 0.09 £ 0.06 0.16 £0.25
NA (pg/mL) 618 +274 564 + 267
PRA (ng/mL/hr) 08+0.7 1.8 + |.6%*
ALD (pg/mL) 70.2+293 59.1 £24.6

Notes: Values are mean + SD; **P < 0.01.

Abbreviations: BW, body weight; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; T-C, total cholesterol; TG, triglyceride; FBG, fasting blood glucose;
CRP, C-reactive protein; NA, noradrenaline; PRA, plasma renin activity; ALD,
aldosterone; HbA , glycated hemoglobin.

HOMA-IR tended to decrease in both groups of patients
taking telmisartan for 6 weeks, and decreased significantly
after taking telmisartan for 24 weeks from baseline in patients
taking telmisartan without additional nifedipine (1.33 £0.73
to 1.02 £ 0.44; P < 0.05). HOMA-IR tended to decrease in
patients with additional nifedipine, but these differences
did not reach the level of statistical significance. Therefore,
addition of nifedipine did not affect the HOMA-IR
(1.10 £ 0.40 to 1.02 £ 0.56; ns) (Figure 4).

Discussion

In this study, telmisartan exerted a favorable metabolic effect
in patients with essential hypertension without metabolic
disorders. Moreover, addition of nifedipine CR resulted in
further BP-lowering effects and maintenance of metabolic
indices.

BP lowering

Although ARBs are recommended as one of the first-line
therapies within several recent guidelines for the diagnosis
and management of hypertension,'* target BPs are achieved
in only 39%—73% of patients.?! Therefore, additional antihy-
pertensive are usually needed. In the present study, 50% of
patients did not achieve the target BP of 140/90 mmHg in
response to 40 mg of telmisartan per day; these patients were
given nifedipine CR as additional therapy. The use of these
drugs in combination resulted in achievement of target BP
levels in 87% of patients. The BP before medication in the
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Table 2 Changes in metabolic and neurohormonal indices after taking telmisartan and nifedipine CR

Baseline 6 weeks +18 weeks

T T+N T T+N T T+N
BW (kg) 56.5+85 545+ 12.6 56.1 £88 55.0£11.9 548187 542+ 123
LDL (mg/dL) 117 £25 109 + 30 114 +28 117 +£36 102 + 39 114+32
HDL (mg/dL) 62+ 14 55+5 57+ 12 57+7 56+9 57+ 13
T-C (mg/dL) 196 +27 199 + 40 190 + 30 194 + 32 183 + 34 191 +30
TG (mg/dL) 88 t 4| 124 + 38 97 £ 31 99 +39 125+ 91 104 + 50
FBG (mg/dL) 100 + 11 99+9 96 +7 98+ 10 96 £ 10 96 + 14
Insulin (LU/mL) 53+23 53+25 45+ 1.7 46+18 43409 44+24
HbA (%) 53+0.1 52+03 53+0.1 52+03 52+02 53104
CRP (mg/dL) 0.08 + 0.04 0.10 £0.08 0.14£0.15 0.19£0.33 0.09 £ 0.05 0.15+£0.16
Na (mEq/L) 142 +2 141 +2 141 £ 1 142 +2 142 +2 141 £2
K (mEq/L) 4.1+0.2 43+04 42402 43402 43405 43+04
NA (pg/mL) 726 + 297 510+ 215 593 + 265 536 + 285 561 +220 523+ 120
PRA (ng/mL/hr) 08+0.8 0.8+0.7 1.7 £ 0.9* 1.9+2.1* 1.5+0.7* 1.4+ 1.2%
ALD (pg/mL) 59.1 £24.0 81.2£31.3 50.1 £ 16.9 68.0 £ 28.7 56.1 £ 15.0 76.4 £50.9

Notes: Values are mean * SD; *P < 0.05, compared with baseline.

Abbreviations: T, telmisartan; T + N, telmisartan + nifedipine; CR, controlled release; BW, body weight; LDL, low-density lipoprotein; HDL, high-density lipoprotein; T-C,
total cholesterol; TG, triglyceride; FBG, fasting blood glucose; CRP, C-reactive protein; NA, noradrenaline; PRA, plasma renin activity; ALD, aldosterone; HbA , glycated

hemoglobin.

patients with additional nifedipine was higher than those
without. Although there has not been previous reports of
an effect on BP with the combination of telmisartan and
nifedipine CR, Hasebe et al? reported that a combination of
nifedipine CR and candesartan resulted in achievement of
target SBP in 28.5% patients, and achievement of target DBP
in 40.8% of patients, after 12 weeks of therapy. The overall
achievement rate of target BP was higher in our study that
in the study by Hasebe and Kikuchi. This may be due to the
differences in various factors, including duration of the treat-
ment period and differences in patient backgrounds.

Glucose and lipid metabolism

Among ARBs, only telmisartan is a partial agonist of PPARY,
which is the likely mechanism by which it favorably regulates
lipid and glucose metabolism.?*?* In clinical studies, 21415
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Figure 3 Metabolic parameters in all patients (n = 16) at baseline and after taking
telmisartan for 6 weeks.

Notes: Values are mean + SD; *P < 0.05.

Abbreviation: HOMA-IR, homeostatic model assessment of insulin resistance, SD,

standard deviation.

telmisartan was reported to improve insulin sensitivity and
lipid profile, but the effects were not strong, nor universal. In
studies by Derosa et al,*’ telmisartan administration resulted
in improvements in the abnormal lipid profile but did not
affect glucose abnormalities. By contrast, other studies'®'?
demonstrated that telmisartan did result in an improvement
in glucose metabolic abnormalities. These differences may
be due to the dose of telmisartan used, or due to differences
in patient backgrounds among the various studies. Patients
in most previous studies had metabolic disorders, including
diabetes mellitus, hypercholesterolemia, or metabolic syn-
drome.® 121415 Moreover, patients in some of these studies
had already taken other antihypertensive medicines when
they participated in the protocol. Although activation of
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Figure 4 Metabolic parameters at baseline and after taking telmisartan and
nifedipine CR.

Notes: White bars represent the group that received only telmisartan (n = 8) and
grey bars represent the group that received combined treatment of telmisartan +
nifedipine CR (n = 8). Values are mean + SD; *P < 0.05, compared with baseline.
Abbreviations: CR, controlled release; HOMA-IR, homeostatic model assessment
of insulin resistance.
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PPARYis stronger in response to telmisartan when compared
with other ARBs, a cell-based transient transfection assay
showed that the activation of the receptor in response to
telmisartan was 25%-30% of the maximum level achieved
by conventional full agonists, such as pioglitazone and
rosiglitazone.” Therefore, to evaluate the effects of telmis-
artan on metabolic profile in a clinical setting, patients must
be free of diabetes mellitus and/or lipid disorders, and should
not be taking other medications. Indeed, patients in our study
had not taken any other antihypertensive medicine over the
preceding 6 months. Therefore, the effects of telmisartan on
glucose and lipid profile were more purely evaluated in this
study. A 6-week course of telmisartan resulted in a significant
reduction in HOMA-IR (1.30£0.65t0 1.10£0.42; P < 0.05)
but this decrement was still smaller than that seen in previ-
ous studies of telmisartan. Regardless, this is the first report
to demonstrate the effects of telmisartan on hypertensive
patients without diabetes mellitus or dyslipidemia.

Although the insulin resistance index, HOMA-IR, was
reduced in the response to telmisartan, there were no sig-
nificant changes in leptin or adiponectin levels. Moreover,
the lipid profile of patients did not change following a
24-week period of telmisartan administration. Leptin and
adiponectin are associated with body weight and are influ-
enced by food intake. Patients in most previous studies had
diabetes mellitus, dyslipidemia, or metabolic syndrome.!%1213
Therefore, most of the patients in those studies were initiated
on caloric intake control programs and on exercise programs.
By contrast, patients in our study were only supervised for
salt intake. Differences in results between this study and
prior studies may also be related to the dose of telmisartan
utilized, or to differences in patient backgrounds.

Nifedipine CR and metabolic effect

CCBs are is an antihypertensive and myocardial anti-ischemic
agents that do not influence metabolism of glucose, lipid, or
electrolytes.!>!”'8 However, nifedipine CR has been reported to
be associated with improved insulin sensitivity in patients with
essential hypertension.!** This may be mediated via PPARYy
activation, as Ishii et al*® showed that nifedipine activated
PPARYby decreasing phosphorylation of PPARY, thereby sup-
pressing monocyte chemoattractant protein-1 expression, and
inducing adenosine triphosphate-binding cassette transporter
A1 expression in macrophages. Hashimoto et al*® also demon-
strated that nifedipine significantly inhibited intramyocardial
arterial remodeling and perivascular fibrosis, and reduced
oxidative stress in stroke-prone, spontaneously hyperten-
sive rat hearts. Nifedipine also restored adiponectin and the

smooth muscle cell phenotype in stroke-prone, spontaneously
hypertensive rats, and selectively restored PPARy and Cu/Zn
superoxide dismutase expression activities to the levels in a
normal rat heart.”® Furthermore, nifedipine induced a dose-
dependent increase in PPARYy expression in cultured vascular
smooth muscle cells.?® In our study, nifedipine CR maintained
improved insulin sensitivity that was induced by telmisartan, but
did not have a further favorable effect on the metabolic indices.
Hinoi et al*’ reported that telmisartan improved coronary flow
velocity reserve and HOMA-IR among essential hypertensive
patients, but nifedipine did not change them. Thus, it is unclear
whether nifedipine had any effect on insulin sensitivity beyond
that of telmisartan in the clinical setting.

Study limitations

Although nifedipine CR maintained the favorable metabolic
effect induced by telmisartan for 18 weeks, the sample size
in the present study was small, and the patients were free of
metabolic disorders. Moreover, the doses of telmisartan and
nifedipine CR were rather low. Patients with atherosclerotic
disease or metabolic disorders need high doses of telmis-
artan and nifedipine CR, which may have different effects
on metabolic parameters. Further studies are needed with a
larger number of normal individuals, and with a cohort of
hypertensive patients with metabolic disorders.

Acknowledgments

We thank Atsuko Murata and Yukari Yamamoto for excellent
technical assistance. We also thank Kazumi Yamashita, Sayuri
Ooi, and Miyuki Takeda for technical assistance throughout
the study.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Mancia G, De Backer G, Dominiczak A, et al; for the Task Force for
the Management of Arterial Hypertension of the European Society
of Hypertension, the Task Force for the Management of Arterial
Hypertension of the European Society of Cardiology. 2007 Guidelines for
the management of arterial hypertension: The Task Force for the Manage-
ment of Arterial Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). Eur Heart J.
2007;28(12):1462—-1536.

2. Ogihara T, Kikuchi K, Matsuoka H, et al; for the Japanese Society
of Hypertension Committee. The Japanese Society of Hypertension
Guidelines for the Management of Hypertension (JSH 2009).
Hypertens Res. 2009;32(1):3-107.

3. Fitchett D. Results of the ONTARGET and TRANSCEND studies: an
update and discussion. Vasc Health Risk Manag. 2009;5(1):21-29.

4. Galzerano D, Capogrosso C, Di Michele S, et al. New standards in
hypertension and cardiovascular risk management: focus on telmisartan.
Vasc Health Risk Manag. 2010;6:113—-133.

International Journal of General Medicine 2012:5

submit your manuscript

757

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Shimizu et al Dove

5. Schupp M, Janke J, Clasen R, Unger T, Kintscher U. Angiotensin 17. Lundy A, Lutfi N, Beckey C. Review of nifedipine GITS in the treatment
type 1 receptor blockers induce peroxisome proliferator-activated of high risk patients with coronary artery disease and hypertension. Vasc
receptor-gamma activity. Circulation. 2004;109(17):2054-2057. Health Risk Manag. 2009;5(1):429-440.

6. Kurtz TW, Pravenec M. Antidiabetic mechanisms of angiotensin- 18. Snider ME, Nuzum DS, Veverka A. Long-acting nifedipine in the
converting enzyme inhibitors and angiotensin II receptor antagonists: management of the hypertensive patient. Vasc Health Risk Manag.
beyond the renin-angiotensin system. J Hypertens. 2004;22(12): 2008;4(6):1249-1257.

2253-2261. 19. Sheu WH, Swislocki AL, Hoffman B, Chen YD, Reaven GM.

7. Benson SC, Pershadsingh HA, Ho CI, et al. Identification of telmisartan Comparison of the effects of atenolol and nifedipine on glucose, insulin,
as a unique angiotensin II receptor antagonist with selective PPAR- and lipid metabolism in patients with hypertension. Am J Hypertens.
gamma-modulating activity. Hypertension. 2004;43(5):993-1002. 1991;4(3 Pt 1):199-205.

8. Derosa G, Ragonesi PD, Mugellini A, Ciccarelli L, Fogari R. Effects 20. Koyama Y, Kodama K, Suzuki M, Harano Y. Improvement of insulin
of telmisartan compared with eprosartan on blood pressure control, sensitivity by a long-acting nifedipine preparation (nifedipine-CR) in
glucose metabolism and lipid profile in hypertensive, type 2 diabetic patients with essential hypertension. Am J Hypertens. 2002;15(11):
patients: a randomized, double-blind, placebo-controlled 12-month 927-931.
study. Hypertens Res. 2004;27(7):457-464. 21. Dickerson JE, Hingorani AD, Ashby MJ, Palmer CR, Brown MJ. Opti-

9. Derosa G, Cicero AF, Bertone G, et al. Comparison of the effects of misation of antihypertensive treatment by crossover rotation of four
telmisartan and nifedipine gastrointestinal therapeutic system on major classes. Lancet. 1999;353(9169):2008-2013.
blood pressure control, glucose metabolism, and the lipid profile 22. Hasebe N, Kikuchi K; for NICE Combi Study Group. Controlled-
in patients with type 2 diabetes mellitus and mild hypertension: a release nifedipine and candesartan low-dose combination therapy in
12-month, randomized, double-blind study. Clin Ther. 2004;26(8): patients with essential hypertension: the NICE Combi (Nifedipine
1228-1236. and Candesartan Combination) Study. J Hypertens. 2005;23(2):

10. Negro R, Hassan H. The effects of telmisartan and amlodipine on meta- 445-453.
bolic parameters and blood pressure in type 2 diabetic, hypertensive 23. Olefsky JM. Treatment of insulin resistance with peroxisome
patients. J Renin Angiotensin Aldosterone Syst. 2006;7(4):243-246. proliferator-activated receptor gamma agonists. J Clin Invest. 2000;

11. Derosa G, Cicero AF, D’Angelo A, et al. Telmisartan and irbesartan 106(4):467-472.
therapy in type 2 diabetic patients treated with rosiglitazone: effects on 24. Walczak R, Tontonoz P. PPARadigms and PPARadoxes: expanding
insulin-resistance, leptin and tumor necrosis factor-alpha. Hypertens roles for PPARgamma in the control of lipid metabolism. J Lipid Res.
Res. 2006;29(11):849-856. 2002;43(2):177-186.

12. Usui I, Fujisaka S, Yamazaki K, et al. Telmisartan reduced blood pres- 25. Ishii N, Matsumura T, Kinoshita H, et al. Nifedipine induces peroxisome
sure and HOMA-IR with increasing plasma leptin level in hypertensive proliferator-activated receptor-gamma activation in macrophages and sup-
and type 2 diabetic patients. Diabetes Res Clin Pract. 2007;77(2): presses the progression of atherosclerosis in apolipoprotein E-deficient
210-214. mice. Arterioscler Thromb Vasc Biol. 2010;30(8):1598-1605.

13. Kurtz TW. Treating the metabolic syndrome: telmisartan as a peroxi- 26. Hashimoto R, Umemoto S, Guo F, et al. Nifedipine activates PPAR-
some proliferator-activated receptor-gamma activator. Acta Diabetol. gamma and exerts antioxidative action through Cu/ZnSOD independent
2005;42 Suppl 1:S9-S16. of blood-pressure lowering in SHRSP. J Atheroscler Thromb. 2010;

14. Vitale C, Mercuro G, Castiglioni C, et al. Metabolic effect of telmis- 17(8):785-795.
artan and losartan in hypertensive patients with metabolic syndrome. ~ 27. Hinoi T, Tomohiro Y, Kajiwara S, et al. Telmisartan, an angiotensin II
Cardiovasc Diabetol. 2005;4:6. type 1 receptor blocker, improves coronary microcirculation and insulin

15. Negro R, Formoso G, Hassan H. The effects of irbesartan and telmisartan resistance among essential hypertensive patients without left ventricular
on metabolic parameters and blood pressure in obese, insulin resistant, hypertrophy. Hypertens Res. 2008;31(4):615-622.
hypertensive patients. J Endocrinol Invest. 2006;29(11):957-961.

16. Araki K, Masaki T, Katsuragi I, Tanaka K, Kakuma T, Yoshimatsu H.
Telmisartan prevents obesity and increases the expression of uncou-
pling protein 1 in diet-induced obese mice. Hypertension. 2006;48(1):
51-57.
International Journal of General Medicine Dove
Publish your work in this journal
The International Journal of General Medicine is an international, A key focus is the elucidation of disease processes and management
peer-reviewed open-access journal that focuses on general and internal ~ protocols resulting in improved outcomes for the patient. The manu-
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treat- script management system is completely online and includes a very
ment protocols. The journal is characterized by the rapid reporting of ~ quick and fair peer-review system. Visit http://www.dovepress.com/
reviews, original research and clinical studies across all disease areas. testimonials.php to read real quotes from published authors.
Submit your manuscript here: http://www.dovepress.com/international-journal-of-general-medicine-journal

758 submit your manuscript International Journal of General Medicine 2012:5

Dove


http://www.dovepress.com/international-journal-of-general-medicine-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


