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ABSTRACT

Aims/Introduction: The aim of the present study was to carry out a meta-analysis of
randomized controlled trials (RCTs) that investigated the effects of pioglitazone on blood
leptin levels in patients with type 2 diabetes.

Materials and Methods: Literature searches were carried out using Medline, the
Cochrane Controlled Trials Registry and ClinicalTrials.gov, and RCTs that investigated the

Tel. +81-596-28-2171

Fax: +81-596-28-2965
E-mail address:
bboy98762006@yahoo.co,jp

J Diabetes Investig 2018; 9: 917-924

effects of pioglitazone on blood leptin levels in patients with type 2 diabetes were
selected. Standardized mean differences and 95% confidence intervals were calculated.
Results: A total of 10 RCTs met the eligibility criteria and were included in the meta-
analysis. Significantly lower blood leptin levels were observed in the pioglitazone group (s-
tandardized mean difference —0.58, 95% confidence interval —1.12 to —0.05%, P = 0.03)

than in the placebo group. There was no significant difference in blood leptin levels

doi: 10.1111/jdi.12783

observed between the pioglitazone and oral antidiabetic drug groups (standardized mean

difference —0.01, 95% confidence interval =020 to 0.19%, P = 0.93).

Conclusions: There was a significant difference in blood leptin levels between the
pioglitazone and placebo groups. However, relatively few RCTs were included in the study,
and there was a high level of statistical heterogeneity; we believe that this could have

affected the results.

INTRODUCTION

The association between type 2 diabetes and the future onset of
cardiovascular diseases or cardiovascular deaths has been
proven." > Therefore, the prevention of cardiovascular diseases
is one of the essential purposes of treatment in patients with
type 2 diabetes. Biomarkers that have been pointed out as hav-
ing an association with cardiovascular disease onset in type 2
diabetes patients include inflammatory cytokines, oxidant stress
and coagulation factors.*® Furthermore, another study has
reported on a possible relationship between blood leptin levels,
which is a hormone that adjusts appetite, and the onset of car-
diovascular diseases.” Leptin is secreted from adipose tissue,
and has effects on the hypothalamus to control food intake.® In
type 2 diabetes, hyperleptinemia might be a predictive marker
of future cardiovascular disease.

Pioglitazone, which improves insulin resistance, is used in
the pharmacotherapy of patients with type 2 diabetes. Past
research has reported on a meta-analysis studying the effects of
pioglitazone use on the aforementioned biomarkers.” However,
although past studies have reported on randomized controlled
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trials (RCT's) to study the effects of pioglitazone administration
on blood leptin levels, the results have not been consistent.
Therefore, the purpose of the present study was to evaluate the
effects of pioglitazone on blood leptin levels in patients with
type 2 diabetes using meta-analysis.

METHODS

Study selection

A literature search was carried out using Medline, the Cochrane
Controlled Trials Registry and ClinicalTrials.gov (1 July 2016).
We used the search strategy of “[thiazolidinediones or pioglita-
zone] AND [diabetes mellitus or diabetes or NIDDM or non-
insulin-dependent or type 2 diabetes mellitus].” We decided to
carry out a meta-analysis to measure blood leptin levels under
the effect of pioglitazone administration in type 2 diabetes.
These studies consisted of those that compared pioglitazone
with a placebo or another oral antidiabetic drug (OAD),
regardless of diet or exercise therapy. However, in the case of a
cross-over trial, we decided to use only the first phase to avoid
the carryover effect. Criteria for elimination were insufficient
data for meta-analysis, animal tests, gestational diabetes mellitus
and overlapping articles. Two authors (SI and RK)
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independently evaluated whether each article passed the eligibil-
ity criteria of the present study. Any disagreements were
resolved by consultation with a third reviewer (KM).

Data extraction and quality assessment

We created a data extraction form to document the characteris-
tics of each study analyzed in this research (ie., key author’s
name, publication year, study location, sample size, patient
baseline information, basic treatment and treatment duration).
We used the mean, standard deviation, standard error and 95%
confidence interval (CI) values to describe the outcome (blood
leptin levels). If trials compared multiple intervention groups
with a single control group within one comparison, the shared
control group was split into two groups. Furthermore, two
authors (SI and RK) independently used the following criteria
to evaluate the quality of the studies analyzed in this
research'® "% (i) random sequence generation: A = adequate
(e.g. referring to a random number table, using a computer
random number generator) and B = inadequate or unclear
(e.g., date of birth, some rule according to hospital or clinic
record number, incompletely described); (ii) allocation conceal-
ment: A = adequate (e.g., central allocation, sealed envelopes)
and B = inadequate or unclear (e.g., an open allocation sched-
ule, date of birth, incompletely described); (iii) blinding:
A = adequate (e.g, blinding of participants and key study per-
sonnel ensured), B = exact method unclear and C = non-
blinded, inadequate or unclear; and (iv) incomplete outcome
data (dropout): A = overall dropout rate of <15% and
B = overall dropout rate of >15%, or unclear. We grouped the
quality of the studies analyzed in this research under the fol-
lowing three categories: A = low risk of bias, B = moderate risk
of bias or C = high risk of bias. Any disagreements were
resolved by consultation with a third reviewer (KM).

Statistical analysis

In the present research, we divided the study into two parts: (i)
comparison of pioglitazone with a placebo; and (ii) comparison
of pioglitazone with another OAD (e.g, metformin, sulfony-
lurea, o-glucosidase inhibitors, dipeptidyl peptidase-4 inhibitors
and glinide) to study their respective effects on blood leptin
levels. Blood leptin level is a continuous variable and is shown
in different units depending on individual studies; therefore, we
used standardized mean difference (SMD) and 95% CI for
analysis. Treatment efficacy was defined as the difference
between groups in the degree of change in blood leptin levels
before and after treatment. In cases where data regarding blood
leptin levels before treatment were unavailable, treatment effi-
cacy was defined as the intergroup difference in blood leptin
levels at the end-point. When only the standard error or P-
values were reported, standard deviations were calculated
according to Altman and Bland."” In the absence of supple-
mental data, standard deviations were calculated from ClIs, t-
values or P-values, as described in the Cochrane Handbook."
We used the random effects model for analysis, and used P to
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evaluate statistical heterogeneity. Furthermore, we used the fun-
nel plot to evaluate publication bias. Meta-analyses were carried
out using RevMan version 5 (Cochrane Collaboration, http://tec
h.cochrane.org/revman/download, July 2016). We used the fol-
lowing methods for sensitivity analysis: (i) evaluating with a
fixed effect model rather than a random effects model; and (ii)
evaluating with low-quality studies removed from the research.

RESULTS

From the literature search, 2,752 reports were extracted, of
which 10 RCTs met the eligibility criteria and were included in
the meta-analysis (Figure 1)."** The characteristics of the nine
RCTs are summarized in Table 1. Participants in controlled tri-
als comparing the pioglitazone and placebo groups had a mean
age of 54.8 years, with women accounting for 31.8%. The mean
diabetes duration was 5.0 years, and the mean trial duration
was 21.0 weeks. Participants in controlled trials comparing the
pioglitazone-treated and OAD-treated groups had a mean age
of 53.7 years, with women accounting for 48.0%. The mean
diabetes duration in these trials was 14.5 years, and the mean
trial duration was 16.0 weeks.

Association of pioglitazone with blood levels of leptin
Pioglitazone vs placebo

Five trials compared the pioglitazone and placebo groups.
The pooled numbers of participants from the pioglitazone and
placebo groups were 85 and 85, respectively. Statistical hetero-
geneity was defined as I = 64% (P = 0.02), and heterogeneity
was observed. The pioglitazone group had significantly lower
blood leptin levels (SMD -0.58, 95% CI —1.12 to —0.05%,
P = 0.03; Figure 2) than the placebo group. Sensitivity analysis
using a fixed effect model showed that the pioglitazone group
had significantly lower blood leptin levels (SMD —0.64, 95% CI
—0.95 to —0.32%, P < 0.001; Figure 3) than the placebo group.
However, when low-quality studies'* '’ were removed, there
remained only one study in the sensitivity analysis'® in which
there was no significant difference in blood leptin levels
observed between the pioglitazone and placebo groups (SMD —
0.43, 95% CI —1.10 to 0.24%, P = 0.21; Figure 4).

14-18

Pioglitazone vs other OADs (metformin, sulfonylurea or
a-glucosidase inhibitors)

There were six trials comparing pioglitazone with OADs (met-
formin, sulfonylurea or o-glucosidase inhibitors).'*'*>> The
pooled numbers of participants in the pioglitazone and OAD
groups were 210 and 203, respectively. Statistical heterogeneity
was defined as P = 0% (P = 0.48), and no heterogeneity was
observed. There was no significant difference in blood leptin
levels observed between the pioglitazone and OAD groups
(SMD -0.01, 95% CI —0.20 to 0.19%, P = 0.93; Figure 5). Sensi-
tivity analysis using a fixed effect model showed no significant
difference in blood leptin levels between the pioglitazone and
OAD groups (SMD -0.01, 95% CI —0.20 to 0.19%, P = 0.93;
Figure 6). In the sensitivity analysis carried out with two
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Studies identified through database
search after duplicates removed
(n=2,752)
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A 4

Nonrelevant studies excluded (n = 2,727)

Full-text articles assessed for eligibility
(n=25)

A

Studies excluded (n = 15):
* 2 Nonrandomized trial
* 5 Drug combination, other conditions
* 5 No leptin levels reported
* 2 Necessary data not provided
* 1 Full-text not available

Studies included in meta-analysis
(n=10)

Figure 1 | Study flow diagram.

studies,'”* excluding low-quality studies,'***** there was no

significant difference in blood leptin levels between the pioglita-
zone and OAD groups (SMD —0.03, 95% CI —0.33 to 0.28%,
P = 0.87; Figure 7).

Evaluation of quality and publication bias

The studies included in the meta-analysis had many qualitative
problems. Few studies adequately masked the participants and
evaluators, and many studies had a high risk of bias.'> "%
Overall, there was only one report with a low risk of bias.”’
Funnel plot analyses were not carried out because <10 RCT's
were included in the various analyses."’

DISCUSSION

The present study showed that the pioglitazone group had sig-
nificantly lower blood leptin levels than the placebo group.
However, there was no significant difference in blood leptin
levels between the pioglitazone and OAD groups. Sensitivity
analysis (changing to a fixed effect model and excluding low-
quality RCTs) showed similar results.

Leptin is a hormone secreted by adipose tissue that circulates
in the blood, and suppresses food intake by acting on the
hypothalamus to stimulate the satiety center.*** The occurrence
of leptin resistance has been highlighted in patients with obesity
or diabetes, and in these cases, the effect of leptin decreases.”*
It is believed that leptin resistance can arise from poor leptin
transportation in the central nervous system25 and leptin recep-
tor signal impairment.”® It is expected that a decrease in leptin
activity could promote obesity. It has been reported that in

leptin resistance, hyperleptinemia can promote arteriosclerosis.””
Leptin resistance is associated with metabolic syndrome, as well
as insulin resistance (both are cardiovascular risk factors),”® and
it is an independent risk factor for cardiovascular events.” In
patients with diabetes or obesity, it is believed that hyper-
leptinemia leads to various poor outcomes.

Pioglitazone acts on the nuclear receptor, peroxisome prolif-
erator-activated receptor-y, and decreases blood free fatty acids,
thereby decreasing fatty acid supply to target organs of insulin,
such as skeletal muscles and the liver, and improving insulin
resistance. Furthermore, it exerts a hypoglycemic effect by
increasing adiponectin, a lipolytic adipokine, and improves
insulin sensitivity in peripheral tissues.””** The mechanism
underlying the effect of pioglitazone on leptin remains largely
unclear. However, it has been reported that the administration
of thiazolidinediones decreases leptin gene expression®’ > and
decreases leptin levels in cultured adipocytes.* Furthermore, as
aforementioned, decreased leptin responsiveness occurs in obe-
sity, because of which enlarged mast cells are not decreased in
size; this is another possible mechanism for the attenuated
reduction of leptin secretion.** It has been reported that glita-
zones act on adipocytes and promote the downsizing of adipo-
cytes,”® and it is believed that this could affect the drop in
leptin levels. In the present study, compared with the placebo
group, blood leptin levels in the pioglitazone-treated group were
found to be significantly lower; this is consistent with the
results of the aforementioned studies. However, the majority of
the RCTs included in the meta-analyses had a small sample
size, and few RCTs were included. Furthermore, there was a
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Pioglitazone Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl  Year IV, Random, 95% ClI
Tonelli J et al. 11.7 147 9 141 168 9 163% -0.14[-1.07,0.78] 2004 —_—
Nishio K et al. -114 81 26 -07 58 28 224% -151[-2.12,-090] 2006 ——&—
Jacob AN et al. (vs. placebo) 64 13.1 18 94 16 21 220% -0.20[-0.83,043] 2007 —_—
0OzQetal 109 88 14 155 97 10 181% -048[-1.31,034] 2008 —_—
Veleba J et al. 04 1.85 18 12 177 17 211% -0431[-1.10,0.24] 2015 —_—
Total (95% Cl) 85 85 100.0% -0.58[-1.12,-0.05] ‘
Heterogeneity: Tau? = 0.24; Chi2 = 11.23, df = 4 (P = 0.02); /2 = 64% '2 _’] j 1’ ;

Test for overall effect: 7= 2.13 (P=0.03)

Favors pioglitazone Favors control

Figure 2 | Forest plot presenting the meta-analysis based on standardized mean differences (SMDs) for the effect of pioglitazone vs placebo on
leptin. Standardized mean differences in the individual studies are presented as squares with 95% confidence intervals (Cls) presented as extending
lines. The pooled standardized mean differences with its 95% Cl is shown as a diamond.

Pioglitazone Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI  Year IV, Fixed, 95% Cl
Tonelli J et al. 11.7 147 9 141 168 9 116% -0.14[-1.07,078] 2004 E—
Nishio K et al. -114 8.1 26 -07 58 28  267% -1.51[-212,-090] 2006 ——w———
Jacob AN et al. (vs. placebo) 64 13.1 18 94 16 21 250% -0.20[-0.83,043] 2007 _
OzOQOetal. 109 88 14 155 97 10 146% -048[-1.31,034] 2008 —_—
Veleba Jetal. 04 1.85 18 1.2 177 17 221% -043[-1.10,0.24] 2015 —_—1
Total (95% Cl) 85 85 100.0% -0.64[-0.95,-0.32] ‘
Heterogeneity: Chi2=11.23, df = 4 (P = 0.02); * = 64% Iz 51 i 1I ZI

Test for overall effect: Z=3.95 (P < 0.0001)

Favors pioglitazone  Favors control

Figure 3 | Sensitivity analysis using a fixed effect model. Forest plot presenting the meta-analysis based on standardized mean differences for the
effect of pioglitazone vs placebo on leptin. Standardized mean differences in the individual studies are presented as squares with 95% confidence
intervals (Cls) presented as extending lines. The pooled standardized mean difference with its 95% Cl is shown as a diamond.

Pioglitazone Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total ~ Weight IV,Random, 95% Cl Year IV, Random, 95% Cl
Veleba J et al. 04 185 18 1.2 177 17 100.0% -043[-1.10,0.24] 2015 —.——
Total (95% Cl) 18 17 100.0% -043[-1.10,0.24]

Heterogeneity: Not applicable
Test for overall effect: 7=1.26 (P=0.21)

Favors pioglitazone Favors control

Figure 4 | Sensitivity analysis excluding the low-quality studies. Forest plot presenting the meta-analysis based on standardized mean differences
for the effect of pioglitazone vs placebo on leptin. Standardized mean differences in the individual studies are presented as squares with 95%
confidence intervals (Cls) presented as extending lines. The pooled standardized mean difference with its 95% Cl is shown as a diamond.

high level of statistical heterogeneity and low-quality studies
were also included, which could have affected the validity of
the results. Moreover, in most RCTs, leptin levels increased
from baseline in the pioglitazone-administrated group. There-
fore, we believe that pioglitazone might impede the increase in
leptin levels.

There were no statistically significant differences in leptin
levels between the pioglitazone and OAD groups. In most
RCTs included in the present analysis, metformin was used in
the OAD group. It has been reported that the administration
of metformin decreases leptin levels,”” and the underlying
mechanism is thought to involve improved insulin

© 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Pioglitazone OADs Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV,Random,95% Cl Year IV, Random, 95% ClI
Sharma PK et al. -15 271 15 =106 289 15 72% 0.32[-040,1.04] 2006 v
Shimizu H et al. 625 3594 14 50 446 16 72% 0.27[-045,099] 2006 -
Jacob AN et al. (vs. metformin) 164 138 15 232 164 17 7.6% -043[-1.14,0.271 2007 T
Esteghamati A et al. -313 107 50 -23 88 41 220% -008[-0.50,033] 2013 ——
Maffioli P et al. -31 159 86 -15 167 84  415% -0.10[-040,0.20] 2013 ——
Taslimi S et al. 0.2 12 30 -28 84 30 145% 029[-0.22,0.79] 2013 -1
Total (95% Cl) 210 203 100.0% -0.01[-0.20,0.19] ?

] 1 1 ]

Heterogeneity: Tau? = 0.00; Chi? = 4.50, df = 5 (P = 0.48); I = 0% '1 (') . 6 OIS %
Test for overall effect: 2=0.08 (P=0.93) Favors pioglitazone Favors other OADs
Figure 5 | Forest plot presenting the meta-analysis based on standardized mean differences (SMDs) for the effect of pioglitazone vs oral
antidiabetic drugs (OADs [metformin, sulfonylurea or a-glucosidase inhibitors]) on leptin. Standardized mean differences in the individual studies are
presented as squares with 95% confidence interval (Cls) presented as extending lines. The pooled standardized mean difference with its 95% Cl is
shown as a diamond.

Pioglitazone OADs Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed,95% Cl  Year IV, Fixed, 95% Cl
Sharma PK et al. -15 271 15 =106 289 15 72% 0.32[-040,1.04] 2006 o
Shimizu H et al. 62.5 3594 14 -50 446 16 7.2% 0.27[-045,0.99] 2006
Jacob AN et al. (vs. metformin) 164 138 15 232 164 17  76% -043[-1.14,027] 2007 -
Esteghamati A et al. -313 107 50 -23 88 41 220% -0.08[-0.50,0.33] 2013 -
Taslimi S et al. 02 12 30 -28 84 30 145% 029[-022,079] 2013 N
Maffioli P et al. -31 159 86 -15 167 84 41.5% -0.10[-0.40,0.20] 2013 i
Total (95% Cl) 210 203 100.0% -0.01[-0.20,0.19] ?

l 1 1 1

Heterogeneity: Chi2 = 4.50, df = 5 (P = 0.48); [2 = 0% } : }

T T
Test for overall effect: 7= 0.08 (P = 0.93) - 035 0 05 !
Favors pioglitazone Favors other OADs

Figure 6 | Sensitivity analysis using a fixed effect model. Forest plot presenting the meta-analysis based on standardized mean differences for the
effect of pioglitazone vs oral antidiabetic drugs (OADs [metformin, sulfonylurea or a-glucosidase inhibitors]) on leptin. Standardized mean
differences in the individual studies are presented as squares with 95% confidence intervals (Cls) presented as extending lines. The pooled
standardized mean difference with its 95% Cl is shown as a diamond.

Pioglitazone OADs Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random, 95% Cl Year IV, Random, 95% Cl
Sharma PK et al. =15 271 15 -106 289 15 17.4% 0.32[-040,1.04] 2006 ®
Maffioli P et al. -3.1 159 86 -15 167 84 82.6% -0.10[-040,0.20] 2013 _.'_

Total (95% Cl) 101 99 100.0% -0.03[-0.33,-0.28] *
1 | ] ]

Heterogeneity: Tau? = 0.01 Chi2 = 1.08,df =1 (P=0.30); 2= 7% T

T T T
-1 -0.5 0 0.5 1
Test for overall effect: Z=0.16 (P = 0.87)
Favors pioglitazone  Favors other OADs

Figure 7 | Sensitivity analysis excluding the low-quality studies. Forest plot presenting the meta-analysis based on standardized mean differences
for the effect of pioglitazone vs oral antidiabetic drugs (OADs [metformin, sulfonylurea or ai-glucosidase inhibitors)) on leptin. Standardized mean
differences in the individual studies are presented as squares with 95% confidence intervals (Cls) presented as extending lines. The pooled
standardized mean difference with its 95% Cl is shown as a diamond.
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resistance’*® because of increases in adenosine monosphos-
phate-activated protein kinase in the central nervous sys-
tem.”>* Tt has also been suggested that the effect of
pioglitazone on blood leptin could differ according to sex.*?
The present study examined men and women combined, and
we believe that in comparing the pioglitazone and OAD
groups, the effect of pioglitazone on blood leptin could have
been masked.

Blood leptin level was a surrogate outcome in the present
study. It has been suggested that pioglitazone therapy could
decrease the cardiovascular and mortality risks, which are hard
end-points.*** To clarify the complex relationship of pioglita-
zone therapy with these hard end-points because of the change
in blood leptin levels, we believe that further studies are
required.

The present study had several limitations. First, as aforemen-
tioned, there were relatively few RCTs included in the study;
therefore, detectability could have been small because of a lack
of power. Although a statistically significant difference was
observed on comparing the pioglitazone and placebo groups,
there was no significant difference in the comparison between
the pioglitazone and OAD groups; this is probably because of
the aforementioned small sample size. Second, there could have
been a publishing bias. Some studies might not have been pub-
lished, because of which the effect of pioglitazone on leptin
could have been overestimated or underestimated. Third, the
high level of conceptual heterogeneity could have affected the
results. In the RCTs included in the study, there were substan-
tial differences among studies with regard to diabetes duration,
age and duration of pioglitazone administration. Consequently,
caution should be exercised with the interpretation and general-
ization of the results. Finally, as mentioned above, a relatively
large proportion of analyzed studies were of low quality, and
there was a high level of statistical heterogeneity. This could
have affected the results.

The present study showed that the pioglitazone-administered
group had significantly lower blood leptin levels than the pla-
cebo group in patients with type 2 diabetes. However, there
was no statistically significant difference observed when com-
pared with the patients treated with OADs. However, the pre-
sent study had many limitations, warranting caution for the
interpretation of its results and the extrapolation of the findings
to other populations. Considering the limitations noted above,
we believe that further studies are necessary.
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