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Abstract: Objective: The aim of the present meta-analysis was to evaluate the effect of valsartan on insulin resis-
tance in patients with hypertension. Methods: We searched the electronic databases, including PubMed, EMBASE
and The Chorance Library, for randomized controlled trials (RCTs) comparing the effect of valsartan and the other
antihypertensive drugs on insulin resistance in patients with hypertension. We carried out statistical analyses using
RevMan version 5.3 and used the Cochrane bias risk evaluation tools to assess the risk of bias. Results: A total
of eight studies involving 935 subjects were included in the present meta-analysis. The results showed that com-
pared with other antihypertensive drugs, valsartan possessed a slight but non-significant trend to reduce the level
of HOMA-IR [WMD=-0.42; 95% confidence interval (Cl) -0.84, -0.01 (P=0.05)], glycated hemoglobin [WMD=-0.06;
95% CI: -0.27, 0.14; (P=0.55)] and fasting plasma glucose [WMD=-0.11; 95% ClI: -0.27, 0.05; (P=0.18)]. However,
valsartan was found to be more effective at reducing the insulin level [WMD=-1.15; 95% CI -2.00, -0.31]. In addition,
systolic blood pressure [WMD=-4.09; 95% ClI: -8.83, 0.66], but not diastolic blood pressure [WMD=-2.41; 95% ClI:
-3.53, -1.30], was significantly different between the two groups. Conclusions: The present meta-analysis suggested
that valsartan showed a tendency to be superior to other antihypertensive drugs in the improvement of insulin re-
sistance, but the difference was not statistically significant. More large-scale studies with longer follow-up durations
are warranted to confirm this effect.
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Previous studies showed that compared with
beta-blockers [9], calcium antagonists [10, 11]
and diuretics [9, 10], angiotensin receptor an-
tagonists (the first-line antihypertensive drugs
recommended by the international guidelines
for the management of arterial hypertension
[12] not only had good antihypertensive effects
but also improved insulin resistance. Valsartan,
an angiotensin receptor antagonist, was found
to can improve insulin resistance in patients
with hypertension [11].

Introduction

Hypertension threatens human health world-
wide, with an incidence of 25% in adults. By
2025, the morbidity of hypertension is project-
ed to reach 60% [1]. Patients with hypertension
often co-present with insulin resistance, which
may increase the risk of renal impairment [2, 3]
and the morbidity [4] and mortality [5] of cardio-
vascular and cerebrovascular diseases. Studies
have shown that insulin resistance, which is
present in more than 50% of the patients with
hypertension [6, 7], plays an important role in
the development and progression of hyperten-
sion and diabetes. In addition to its role in
increasing the incidence of impaired glucose
tolerance and diabetes [8], insulin resistance is

Studies have confirmed that valsartan improve
insulin resistance, but large-scale studies are
needed to further validate this effect. Moreover,
it is unknown whether valsartan is superior to

also directly associated with the severity of
hypertension [6]. Therefore, to clarify the ques-
tion whether antihypertensive drugs can im-
prove insulin resistance has important implica-
tions for patients with hypertension.

other antihypertensive drugs in improving insu-
lin resistance in patients with hypertension.
Thus, we conducted a systematic review and
meta-analysis of clinical studies to figure out
this question.
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by searching for opinions from
a third party.

63 Articles identified
(limitation: clinical trials)

54 Excluded based on
'L the titles and abstracts

Data extraction and quality
assessment

9 Full-text articles assessed
for eligibility

7 Studies included in
qualitative synthesis

e

2 Articles were excluded:
1 was excluded because it did
not compare the effect of the
& two antihypertensives on
improving insulin resistance;
1 was excluded because it did
not provide the numerical
value for insulin resistance

The same two investigators
reviewed the full texts of eligi-
ble studies independently and
collected data for study and
patient characteristics, inter-
ventions and items for bias
risk assessing. We indepen-
dently extracted the following
data: first author, year of pub-

lication, the characteristics of

P

s 1 Additional RCT identified
v L by hand searching

~

the enrolled population, the
number of patients enrolled,

8 Studies included in
quantitative synthesis
(Meta-analysis)

Methods
Eligibility criteria

The literature was screened according to the
following criteria: (i) study design: randomized
controlled trials (RCTs), (ii) study population:
patients with hypertension, (iii) treatment: val-
sartan or other antihypertensive drugs and (iv)
prognosis evaluation: improvement in blood
pressure and insulin resistance (insulin resis-
tance index, blood glucose, serum insulin) and
adverse events in patients with hypertension
after treatment with different antihypertensive
drugs. The exclusion criteria were no informa-
tion about endpoints or a follow-up time was
less than 30 days.

Search strategy and study selection

We searched the databases (PubMed, EMBASE,
the Cochrane Library) for studies published up
to July 2015, using the following search items:
valsartan, hypertension, insulin resistance, dia-
betes, abnormal glucose tolerance, impaired
glucose tolerance. This search was supple-
mented with citation tracking of the reference
lists including articles and relevant review arti-
cles. Two investigators reviewed all the data-
bases searched and retrieved the literature
which met our eligibility criteria by title and
abstract, and then the full texts independently.
Disagreements were solved by discussion or
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Figure 1. Selection process for the
RCTs included in the meta-analysis.

study design, the experimen-
tal group (number of patients,
drug(s) and dose(s)), the con-
trol group (number of patients,
drug(s) and dose(s)), treatment
time, definition of blood pressure and the inci-
dence of adverse events and related defini-
tions. Extracted data were entered into a stan-
dard EXCEL file (Microsoft Corp.; Redmond,
Washington, America) and were confirmed by
another author of this manuscript. During data
extraction, any discrepancies were resolved
through discussions between the authors of
this manuscript.

The primary efficacy endpoint of the studies
was an improvement in insulin resistance, as
determined by insulin resistance index, blood
glucose and serum insulin. And the secondary
efficacy endpoint was the presence of changes
in blood pressure before and after randomized
treatment.

The two authors who selected the RCTs inde-
pendently assessed the studies for the risk of
bias using the Cochrane risk-of-bias tool [13].
We assigned a value of low, unclear or high risk
of bias to the following domains: random
sequence generation, allocation concealment,
blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome
data, selective reporting and other biases.
Disagreements were resolved by consensus.

Data synthesis and analysis

The meta-analysis was performed by software
RevMan 5.3 (Nordic Cochrane Centre, Cochrane
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Table 1. Study characteristics

Experimental Control
Author Year  Setting N  Subjects Duration
Treatment N Treatment N
Boschmann [18] 2006 Germany 18 SBP of 150-179 mmHg or DBP of 95-109 mmHg; BMI of 30-40 kg/m? Valsartan 8 Atenolol 10 13 weeks
Fogari [17] 2005 Italy 96 BMI > 30 kg/m? DBP > 90 and < 110 mmHg Valsartan 48 Felodipine 48 16 weeks
Ichikawa [19] 2007  Japan 53 Metabolic syndrome; fasting plasma glucose < 140 mg/dl Valsartan 27 Telmisartan 26 4 weeks
Jordan [16] 2005 Germany 132 SBP of 150-179 mmHg or DBP of 95-109 mmHg; BMI of 30-40 kg/m? Valsartan 67 Atenolol 65 13 weeks
Kintscher [21] 2010 Germany 109 Age of 30-80 years; SBP of 140-159 mmHg and/or DBP of 90-99 mmHg; controlled type 2 diabetes Valsartan 55 Placebo 54 16 weeks
mellitus on stable treatment for at least 4 weeks
Ozaki [22] 2010 Japan 308 SBP > 130 mmHgand/or DBP > 80 mmHg; HbAlc > 8.0% Valsartan 74  Telmisartan (n=74) 74 3 months
Candesartan (n=79) 79
Yilmaz [20] 2007  Turkey 96 Metabolic syndrome and hypertension Valsartan 20 Doxazosin (n=18) 76 3 months
Metoprolo | (n=18)
Ramipril (n=20)
Amlodipine (n=20)
Hanefeld [15] 2001 Germany 123 Subjects with mild-to-moderate hypertension between the ages of 35 and 78 years Valsartan 63 Placebo 60 12 weeks

SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index, N: number.
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Figure 2. Summary of risk of bias for each included
study. “+”, low risk of bias; “-”, high risk of bias; “?”,
unknown risk of bias.

Collaboration) and the statistics were calculat-
ed by the Mantel-Haenszel statistical method.
For continuous variables (change from baseline
to follow-up), we used weighted mean differ-
ences (WMD) with 95% CI to express the out-
comes. Statistic heterogeneity was measured
using the x? (Cochran Q) statistic and I? test
[14]. Heterogeneity was not considered as sig-
nificant when 1?2 < 50%. Pooled analyses were
conducted within fixed effect models, whereas
random effect models were applied in condi-
tions of significant heterogeneity among includ-
ed studies. A P value < 0.05 was considered to
be statistically significant, except where other-
wise specified.

Results
Eligible studies

A total of 63 relevant clinical studies were
searched and retrieved, of which 54 studies
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were excluded based on the title and abstract
and two studies were excluded based on the
full text (one study did not compare the effect
between valsartan and another antihyperten-
sive drug on improving insulin resistance, and
one study did not specify changes in the mea-
sures of insulin resistance). One study was
added by manual search and retrieval. Thus, a
total of eight RCTs [15-22] met the inclusion cri-
teria and were included in this meta-analysis.
The literature search and retrieval process was
shown in Figure 1.

Characteristics of the selected studies

The characteristics of the eight RCTs included
are shown in Table 1. These RCTs were pub-
lished in 2001-2010 and had sample sizes of
18-308 subjects (total: 935 subjects). Regard-
ing improvements in the insulin resistance of
patients with hypertension randomly assigned
to the valsartan group or the control group, of
the eight RCTs [16-22], seven studies reported
the insulin resistance index (homeostasis mo-
del assessment of insulin resistance (HOMA-
IR)) before and after randomized treatment, six
studies [15, 16, 18-20, 22] reported blood glu-
cose levels before and after randomized treat-
ment, five studies [16, 18-20, 22] reported in-
sulin levels before and after randomized treat-
ment, and three studies [15, 19, 22] reported
glycated hemoglobin levels. Fogari-2005 [17]
and Yilmaz-2007 [20] had a high risk of bias for
two aspects: investigator and subject blinding
and the blinded evaluation of study results. The
0zaki-2010 [22] study had a high risk of bias
for three aspects: investigator and subject
blinding, blinded evaluation of study results
and integrity of study data. Other aspects of
these studies and the remaining studies had a
low or unknown risk of bias. The summary of
the risk of bias for each included study was
shown in Figure 2.

Among the eight RCTs [15-22], 0zaki-2010 [22]
and Yilmaz-2007 [20] had multi-arms, in other
words, the two trials compared valsartan with
other two or more antihypertensive drugs on
the change of insulin resistance indexes and
blood pressure before and after the treatment
respectively.

Primary efficacy endpoints

HOMA-IR: Five studies reported HOMA-IR in the
experimental group and the control group
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Figure 3. Forest plots of primary and secondary outcomes of meta-analysis. A. HOMA-IR; B. Insulin level; C. Gly-
cated hemoglobin; D. Fasting plasma glucose; E. Systolic blood pressure (SBP); F. Diastolic blood pressure (DBP).
The squares and horizontal lines correspond to the study-specific WMD and 95% Cl, respectively. The area of the
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squares reflects the study-specific weight. The diamond represents the pooled results of WMD and 95% Cl. If 95%
Cl cross with O, there was no statistical significance. 95% Cl located in the left, valsartan was superior to other an-
tihypertensive drugs, whereas other antihypertensive drugs were superior to valsartan.

before and after treatment. Two studies report-
ed changes in HOMA-IR. Figure 3A shows a
summary of the HOMA-IR changes before and
after treatment. Statistical analysis showed
that the WMD was -0.42 (95% Cl: -0.84, -0.01),
which did not reached statistical significance
(P=0.05) and suggested that valsartan was
not less effective than other antihypertensive
drugs at improving HOMA-IR.

Insulin level: Three studies reported the insulin
level in the experimental group and the control
group before and after treatment. Two studies
reported the changes of insulin level in the
experimental group and control group. Figure
3B summarizes the changes of insulin level.
Statistical analysis of this parameter showed
that the WMD was -1.15 (95% CI: -2.00,-0.31)
(P=0.007), suggesting that valsartan was more
effective than other antihypertensive drugs in
its effect on insulin level in patients with
hypertension.

Glycated hemoglobin: Only one study reported
the level of glycated hemoglobin before and
after treatment in the experimental group and
the control group. Two studies reported
changes in the level of glycated hemoglobin in
the experimental group and the control group.
Statistical analysis (Figure 3C), suggested that
valsartan was not less effective than other
antihypertensive drugs at reducing the level of
glycated hemoglobin in patients with hyperten-
sion [WMD=-0.06; 95% CI: -0.27, 0.14; (P=
0.55)].

Fasting plasma glucose: Three studies reported
fasting plasma glucose before and after
treatment in the experimental group and the
control group. Three studies reported a
reduction in fasting plasma glucose in the
experimental group and the control group.
Statistical analysis of the changes in fasting
plasma glucose (Figure 3D) showed that the
WMD was -0.11 (95% CI: -0.27, 0.05) (P=0.18),
suggesting that valsartan was not less effective
than other antihypertensive drugs in its effect
on fasting plasma glucose in patients with
hypertension.

Secondary efficacy endpoints

Systolic blood pressure (SBP): Five studies
reported SBP before and after treatment in the
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experimental group and the control group.
Three studies reported changes in SBP in the
experimental group and the control group.
Figure 3E showed a summary of the SBP chang-
es before and after treatment. Due to signifi-
cant heterogeneity (I°=78%), a random effects
model was used to compile the results.
Statistical analysis of the changes in SBP
showed that the WMD was -4.09 (95% CI:
-8.83, 0.66) (P=0.09), which suggested that
the effect of valsartan on SBP was not signifi-
cantly different from that of other antihyperten-
sive drugs.

Diastolic blood pressure (DBP): Five studies
reported DBP before and after treatment in the
experimental group and the control group.
Three studies reported changes in DBP in the
experimental group and the control group.
Statistical analysis of the changes in DBP
(Figure 3F) showed that the WMD was -2.41
(95% ClI: -3.53, -1.30) (P < 0.0001), suggesting
that valsartan was more effective at lowering
DBP than other antihypertensive drugs.

Safety

Only one of the eight RCTs included reported
adverse events [15]. In this article, there were
11 discontinuation patients (three in valsartan
group and eight in placebo group). Reasons for
discontinuation were adverse events such as
acute bronchitis, feverish infection and hypo-
tension. These events were not suspected to
be related to study drug. And no significant dif-
ference was found between valsartan group
and placebo group with respect to frequency of
adverse events. The adverse events were not
reported in the other seven RCTs. With limited
data, we could not evaluate adverse events
through meta-analysis method.

Discussion

This study was a meta-analysis of eight RCTs
conducted to evaluate improvements of insulin
resistance and blood pressure in patients with
hypertension and also to determine whether
the incidence of adverse events was higher
with valsartan compared with other antihyper-
tensive drugs. The results showed that there
was no significant difference in the improve-
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ment of insulin resistance in hypertension
patients between valsartan and other antihy-
pertensive drugs. But, valsartan showed a ten-
dency to be superior to other antihypertensive
drugs in the improvement of insulin resistance,
but the difference was not statistically signifi-
cant. We thought that this might be related to
the small number of studies included in the
meta-analysis. Future researches with larger
sample sizes are needed to assess the advan-
tage of valsartan. And our findings illustrated
that valsartan was more effective at reducing
the insulin level than other antihypertensive
drugs in patients with hypertension. We thought
that Valsartan might improve insulin resistance
by lowering insulin levels. Furthermore, valsar-
tan was more potent than other antihyperten-
sive drugs at lowering the DBP of patients with
hypertension but showed no stronger effects
on SBP than other antihypertensive drugs.

Many clinical studies have reported that valsar-
tan was effective at lowering blood pressure
and improving insulin resistance in patients
with hypertension, but this is the first meta-
analysis of such studies. Moreover, to ensure
quality, this meta-analysis included only RCTs
and excluded cohort studies.

Compared with previous clinical studies, this
meta-analysis reached a different conclusion
on whether valsartan improves insulin resis-
tance in patients with hypertension. Previous
cohort studies [23] showed that valsartan low-
ered blood pressure and improved insulin resis-
tance in patients with hypertension, however,
these cohort studies only assessed whether
valsartan improves insulin resistance and did
not compare the effect of valsartan with that of
other antihypertensive drugs. As a result, these
studies only indicated that valsartan could
improve insulin resistance in patients with
hypertension, but contained no information
about whether valsartan was superior to other
antihypertensive drugs in improving insulin
resistance. This meta-analysis of compiled
results showed that valsartan was not signifi-
cantly more effective than other antihyperten-
sive drugs at improving insulin resistance, sug-
gesting that although valsartan improves insu-
lin resistance, it was not superior to other anti-
hypertensive drugs. In addition, some cohort
studies [24] did not include a valsartan mono-
therapy group and thus are unable to show the
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correlation between improvement in insulin
resistance and valsartan. Some cohort studies
investigated the efficacy of valsartan in patients
with hypertension who also had diabetes.
However, these studies also used different
measures. For example, these studies investi-
gated the effect of valsartan on different mea-
sures such as soluble Klotho [25], serum pro-
teins [26, 27] and adiponectin [28] or on the
incidence and mortality of cardiovascular
events in diabetic patients [29]. Although these
measurements, to some extent, indicated the
protective effect of valsartan on the kidneys
and glucose metabolism of diabetic patients,
they did not directly reflect improvement in
insulin resistance. In some studies, the study
population received other antihypertensive
drugs in addition to valsartan without specific
protocols on the use of other antihypertensive
drugs; thus, these studies could not exclude
the interference of other antihypertensive
drugs while evaluating the effect of valsartan
on improving glucose metabolism in diabetic
patients. In summary, current studies only show
that valsartan improves insulin resistance in
patients with hypertension but are unable to
show whether valsartan is superior to other
antihypertensive drugs in improving insulin
resistance, which requires validation from addi-
tional clinical studies.

The RCTs included in these meta-analysis
enrolled patients with hypertension who were
randomly assigned to receive valsartan or
other antihypertensive drugs and then investi-
gated whether valsartan was superior to other
antihypertensive drugs in improving insulin
resistance. This meta-analysis showed that val-
sartan was superior to other antihypertensive
drugs in decreasing the level of DBP in patients
with hypertension, but was not significantly
more effective at reducing SBP than other
antihypertensive drugs. Previous studies [30]
showed that valsartan significantly improved
the SBP and DBP of patients with hypertension.
However, more studies are needed to verify
whether valsartan is superior to other antihy-
pertensive drugs in improving DBP.

This meta-analysis had the following advantag-
es in evaluating the effect of valsartan on insu-
lin resistance in patients with hypertension: it
used measures that directly reflect the impro-
vement of insulin resistance, such as insulin
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resistance index, blood glucose, insulin level,
and glycosylated hemoglobin. In addition, in the
RCTs included in this meta-analysis, other anti-
hypertensive drugs were added only if valsar-
tan treatment was ineffective for the manage-
ment of hypertension, which, to some extent,
minimized the effect of other antihypertensive
drugs on insulin resistance. All of the clinical
studies included in this meta-analysis were
RCTs that used direct measures of insulin resis-
tance, which helped ensure accurate and rigor-
ous results. However, there still existed some
limitations. First, although the results showed
that valsartan did not significantly improve
insulin resistance relative to other drugs, differ-
ent studies used different time points. Past
studies [31] had shown that the efficacy of val-
sartan was time and dose dependent. Due to
the small number of studies included, this
meta-analysis did not analyze the effect of
treatment time on insulin resistance. The varia-
tion in treatment time between studies might
affect the results of this meta-analysis. Second,
studies [26, 27] had shown that high-dose val-
sartan was superior to low-dose valsartan in
improving endocrine parameters in diabetic
patients, and thus, more studies are needed to
investigate whether the effect of valsartan on
the improvement of insulin resistance is dose
dependent. In this meta-analysis, the included
studies differed in the dose of valsartan, but we
did not analyze the effect of different doses of
valsartan or the use of high-dose valsartan on
improving insulin resistance due to the small
number of included studies. Hence, more stud-
ies are needed to investigate the effect of dif-
ferent doses of valsartan on improving insulin
resistance. Finally, only one of the included
studies reported the incidence of adverse
events, and thus, more studies are needed to
confirm the safety of different doses of valsar-
tan for hypertension.

Future research may further investigate the fol-
lowing topics to evaluate the effect of valsartan
on improving insulin resistance in patients with
hypertension to provide more detailed and pre-
cise evidence to support the clinical diagnosis
and treatment of hypertension: 1) efficacy and
safety of different doses and treatment times
of valsartan and other antihypertensive drugs,
2) improvement in insulin resistance with val-
sartan in combination with other drugs, and
whether combination therapy (and with which
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drugs) improves insulin resistance in patients
who showed unsatisfactory improvements in
insulin resistance with valsartan mono-therapy,
3) safety of valsartan and other antihyperten-
sive drugs, as evaluated by adverse events or
changes in biochemical parameters, and 4)
previous studies [32] showed variations in the
efficacy of valsartan in patients at different risk
levels; thus, further research could be conduct
to evaluate the efficacy and safety of valsartan
in high-risk and medium-to-low-risk patients,
different races, different age groups and differ-
ent genders.

Conclusion

In conclusion, results of this meta-analysis indi-
cated that valsartan showed a tendency to be
superior to other antihypertensive drugs in the
improvement of insulin resistance, but the dif-
ference was not statistically significant. More
large-scale studies with longer follow-up dura-
tions are warranted to confirm this effect.
Compared with other antihypertensive drugs,
valsartan had stronger efficacy in terms of
reducing insulin level and the DBP of hyperten-
sion patients. Efficacy in the improvement of
insulin resistance and safety of different doses
and treatment times of valsartan are unclear
and should be verified in further trials. Future
researches, with more studies and larger sam-
ple sizes, are needed to investigate the efficacy
and safety of valsartan in high-risk and medi-
um-to-low-risk patients, different races, differ-
ent age groups and different genders.

Acknowledgements

HTN Medical Affairs, Beijing Novartis Pharma
Ltd. (13th Floor, China World Tower 2, No. 1 Jian
Guo Men Wai Avenue, Chao Yang District,
Beijing 100004, China) are thanked for their for
providing partial data.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Qiang She, Depart-
ment of Cardiology, The Second Affiliated Hospi-
tal of Chongqing Medical University, No. 74, Ling-
jiang Road, Chongging 400010, China. Tel: +86
023-63693753; Fax: +86 23 63693753; E-mail:
gshe98@hotmail.com

Int J Clin Exp Med 2016;9(7):14047-14056


mailto:qshe98@hotmail.com

A systematic review of valsartan on insulin resistance

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Kearney PM, Whelton M, Reynolds K, Muntner
P, Whelton PK and He J. Global burden of hy-
pertension: analysis of worldwide data. Lancet
2005; 365: 217-223.

Rosolowsky ET, Ficociello LH, Maselli NJ,
Niewczas MA, Binns AL, Roshan B, Warram JH
and Krolewski AS. High-normal serum uric acid
is associated with impaired glomerular filtra-
tion rate in nonproteinuric patients with type 1
diabetes. Clin J Am Soc Nephrol 2008; 3: 706-
713.

Collins AJ, Foley RN, Herzog C, Chavers B,
Gilbertson D, Ishani A, Kasiske B, Liu J, Mau
LW, McBean M, Murray A, St Peter W, Guo H,
Gustafson S, Li Q, Li S, Li S, Peng Y, Qiu Y,
Roberts T, Skeans M, Snyder J, Solid C, Wang
C, Weinhandl E, Zaun D, Arko C, Chen SC,
Dalleska F, Daniels F, Dunning S, Ebben J,
Frazier E, Hanzlik C, Johnson R, Sheets D,
Wang X, Forrest B, Constantini E, Everson S,
Eggers P, Agodoa L. US Renal Data System
2011 Annual Data Report. Am J Kidney Dis
2011; 57: A8, e1-526.

Self-reported heart disease and stroke among
adults with and without diabetes-United
States, 1999-2001. MMWR Morb Mortal Wkly
Rep 2003; 52: 1065-1070.

Hu FB, Stampfer MJ, Solomon CG, Liu S, Willett
WC, Speizer FE, Nathan DM and Manson JE.
The impact of diabetes mellitus on mortality
from all causes and coronary heart disease in
women: 20 years of follow-up. Arch Intern Med
2001; 161: 1717-1723.

Ferrannini E, Buzzigoli G, Bonadonna R, Giorico
MA, Oleggini M, Graziadei L, Pedrinelli R,
Brandi L and Bevilacqua S. Insulin resistance
in essential hypertension. N Engl J Med 1987;
317: 350-357.

Shen DC, Shieh SM, Fuh MM, Wu DA, Chen YD
and Reaven GM. Resistance to insulin-stimu-
lated-glucose uptake in patients with hyperten-
sion. J Clin Endocrinol Metab 1988; 66: 580-
583.

Yoshida M, Tomiyama H, Yamada J, Matsumoto
C, Odaira M, Shiina K and Yamashina A.
Relationship of insulin resistance to macro-
and microvasculature reactivity in hyperten-
sion. Am J Hypertens 2010; 23: 495-500.
Hansson L, Lindholm LH, Niskanen L, Lanke J,
Hedner T, Niklason A, Luomanmaki K, Dahlof
B, de Faire U, Morlin C, Karlberg BE, Wester
PO and Bjorck JE. Effect of angiotensin-con-
verting-enzyme inhibition compared with con-
ventional therapy on cardiovascular morbidity
and mortality in hypertension: the Captopril
Prevention Project (CAPPP) randomised trial.
Lancet 1999; 353: 611-616.

14055

(10]

(11]

[12]

(13]

(14]

(15]

Major outcomes in high-risk hypertensive pa-
tients randomized to angiotensin-converting
enzyme inhibitor or calcium channel blocker
vs diuretic: The Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT). JAMA 2002; 288: 2981-2997.
Julius S, Kjeldsen SE, Weber M, Brunner HR,
Ekman S, Hansson L, Hua T, Laragh J, Mclnnes
GT, Mitchell L, Plat F, Schork A, Smith B and
Zanchetti A. Outcomes in hypertensive pa-
tients at high cardiovascular risk treated with
regimens based on valsartan or amlodipine:
the VALUE randomised trial. Lancet 2004;
363:2022-2031.

Mancia G, Fagard R, Narkiewicz K, Redon J,
Zanchetti A, Bohm M, Christiaens T, Cifkova R,
De Backer G, Dominiczak A, Galderisi M,
Grobbee DE, Jaarsma T, Kirchhof P, Kjeldsen
SE, Laurent S, Manolis AJ, Nilsson PM, Ruilope
LM, Schmieder RE, Sirnes PA, Sleight P,
Viigimaa M, Waeber B, Zannad F, Redon J,
Dominiczak A, Narkiewicz K, Nilsson PM,
Burnier M, Viigimaa M, Ambrosioni E, Caufield
M, Coca A, Olsen MH, Schmieder RE, Tsioufis
C, van de Borne P, Zamorano JL, Achenbach S,
Baumgartner H, Bax JJ, Bueno H, Dean V,
Deaton C, Erol C, Fagard R, Ferrari R, Hasdai D,
Hoes AW, Kirchhof P, Knuuti J, Kolh P,
Lancellotti P, Linhart A, Nihoyannopoulos P,
Piepoli MF, Ponikowski P, Sirnes PA, Tamargo
JL, Tendera M, Torbicki A, Wijns W, Windecker
S, Clement DL, Coca A, Gillebert TC, Tendera
M, Rosei EA, Ambrosioni E, Anker SD,
Bauersachs J, Hitij JB, Caulfield M, De Buyzere
M, De Geest S, Derumeaux GA, Erdine S,
Farsang C, Funck-Brentano C, Gerc V, Germano
G, Gielen S, Haller H, Hoes AW, Jordan J, Kahan
T, Komajda M, Lovic D, Mahrholdt H, Olsen
MH, Ostergren J, Parati G, Perk J, Polonia J,
Popescu BA, Reiner Z, Ryden L, Sirenko Y,
Stanton A, Struijker-Boudier H, Tsioufis C, van
de Borne P, Vlachopoulos C, Volpe M and Wood
DA. 2013 ESH/ESC guidelines for the manage-
ment of arterial hypertension: the Task Force
for the Management of Arterial Hypertension
of the European Society of Hypertension (ESH)
and of the European Society of Cardiology
(ESC). Eur Heart J 2013; 34: 2159-2219.
Higgins JP, Altman DG, Gotzsche PC, Juni
P, Moher D, Oxman AD, Savovic J, Schulz
KF, Weeks L and Sterne JA. The Cochrane
Collaboration’s tool for assessing risk of bias in
randomised trials. BMJ 2011; 343: d5928.
Higgins JP, Thompson SG, Deeks JJ and Altman
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-560.

Hanefeld M and Abletshauser C. Effect of the
angiotensin Il receptor antagonist valsartan on
lipid profile and glucose metabolism in pa-

Int J Clin Exp Med 2016;9(7):14047-14056



[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

A systematic review of valsartan on insulin resistance

tients with hypertension. J Int Med Res 2001;
29: 270-279.

Jordan J, Engeli S, Boschmann M, Weidinger G,
Luft FC, Sharma AM and Kreuzberg U.
Hemodynamic and metabolic responses to val-
sartan and atenolol in obese hypertensive pa-
tients. J Hypertens 2005; 23: 2313-2318.
Fogari R, Derosa G, Zoppi A, Rinaldi A, Lazzari
P, Fogari E, Mugellini A and Preti P. Comparison
of the effects of valsartan and felodipine on
plasma leptin and insulin sensitivity in hyper-
tensive obese patients. Hypertens Res 2005;
28:209-214.

Boschmann M, Kreuzberg U, Engeli S, Adams
F, Franke G, Klaua S, Scholze J, Weidinger G,
Luft FC, Sharma AM and Jordan J. The effect of
oral glucose loads on tissue metabolism dur-
ing angiotensin |l receptor and beta-receptor
blockade in obese hypertensive subjects.
Horm Metab Res 2006; 38: 323-329.
Ichikawa Y. Comparative effects of telmisartan
and valsartan on insulin resistance in hyper-
tensive patients with metabolic syndrome.
Intern Med 2007; 46: 1331-1336.

Yilmaz MI, Sonmez A, Caglar K, Celik T,
Yenicesu M, Eyileten T, Acikel C, Oguz Y, Yavuz |
and Vural A. Effect of antihypertensive agents
on plasma adiponectin levels in hypertensive
patients with metabolic syndrome. Nephrology
(Carlton) 2007; 12: 147-153.

Kintscher U, Marx N, Martus P, Stoppelhaar M,
Schimkus J, Schneider A, Walcher D, Kummel
A, Winkler R, Kappert K, Dorffel Y, Scholze J
and Unger T. Effect of high-dose valsartan on
inflammatory and lipid parameters in patients
with Type 2 diabetes and hypertension.
Diabetes Res Clin Pract 2010; 89: 209-215.
Ozaki N, Nomura Y, Sobajima H, Kondo K and
Oiso Y. Comparison of the effects of three an-
giotensin Il receptor type 1 blockers on meta-
bolic parameters in hypertensive patients with
type 2 diabetes mellitus. Eur J Intern Med
2010; 21: 236-239.

Top C, Cingozbay BY, Terekeci H, Kucukardali Y,
Onde ME and Danaci M. The effects of valsar-
tan on insulin sensitivity in patients with pri-
mary hypertension. J Int Med Res 2002; 30:
15-20.

Sowers JR, Raij L, Jialal |, Egan BM, Ofili EO,
Samuel R, Zappe DH, Purkayastha D and
Deedwania PC. Angiotensin receptor blocker/
diuretic combination preserves insulin re-
sponses in obese hypertensives. J Hypertens
2010; 28: 1761-1769.

14056

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

Karalliedde J, Maltese G, Hill B, Viberti G and
Gnudi L. Effect of renin-angiotensin system
blockade on soluble Klotho in patients with
type 2 diabetes, systolic hypertension, and al-
buminuria. Clin J Am Soc Nephrol 2013; 8:
1899-1905.

Hollenberg NK, Parving HH, Viberti G, Remuzzi
G, Ritter S, Zelenkofske S, Kandra A, Daley WL
and Rocha R. Albuminuria response to very
high-dose valsartan in type 2 diabetes melli-
tus. J Hypertens 2007; 25: 1921-1926.

Weir MR, Hollenberg NK, Remuzzi G, Zappe
DH, Meng X and Parving HH. Varying patterns
of the antihypertensive and antialbuminuric
response to higher doses of renin-angiotensin-
aldosterone system blockade in albuminuric
hypertensive type 2 diabetes mellitus patients.
J Hypertens 2011; 29: 2031-2037.

Nomura S, Shouzu A, Omoto S, Nishikawa M,
Fukuhara S and lwasaka T. Effect of valsartan
on monocyte/endothelial cell activation mark-
ers and adiponectin in hypertensive patients
with type 2 diabetes mellitus. Thromb Res
2006; 117: 385-392.

Muramatsu T, Matsushita K, Yamashita K,
Kondo T, Maeda K, Shintani S, Ichimiya S,
Ohno M, Sone T, lkeda N, Watarai M and
Murohara T. Comparison between valsartan
and amlodipine regarding cardiovascular mor-
bidity and mortality in hypertensive patients
with glucose intolerance: NAGOYA HEART
Study. Hypertension 2012; 59: 580-586.
Julius S, Kjeldsen SE, Brunner H, Hansson
L, Platt F, Ekman S, Laragh JH, Mclnnes G,
Schork AM, Smith B, Weber M and Zanchetti
A. VALUE trial: Long-term blood pressure
trends in 13,449 patients with hypertension
and high cardiovascular risk. Am J Hypertens
2003; 16: 544-548.

Suzuki K and Aizawa Y. Evaluation of dosing
time-related anti-hypertensive efficacy of val-
sartan in patients with type 2 diabetes. Clin
Exp Hypertens 2011; 33: 56-62.

Kjeldsen SE, Mclnnes GT, Mancia G, Hua TA,
Julius S, Weber MA, Coca A, Girerd X, Jamerson
K, Larochelle P, Macdonald T, Schmieder RE,
Anthony Schork M, Viskoper R, Widimsky J and
Zanchetti A. Progressive effects of valsartan
compared with amlodipine in prevention of di-
abetes according to categories of diabetogenic
risk in hypertensive patients: the VALUE trial.
Blood Press 2008; 17: 170-177.

Int J Clin Exp Med 2016;9(7):14047-14056



