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Abstract

Background: Pioglitazone is currently used as an anti-diabetic agent and can reduce cardiovascular events in in patients®
type 2 diabetes mellitus (T2DM). Left ventricular diastolic dysfunction has been recognized as an early manifestation of myocardial
dysfunction in T2DM patients. This systematic review and meta-analysis aimed to investigate changes in the left ventricular
diastolic function after the treatment of pioglitazone.

Methods: A systematic literature search of PubMed, Embase, and the Cochrane Library until May 2021 with keywords
pioglitazone and left ventricular diastolic function was performed in accordance with the meta-analysis of observational studies
in epidemiology guidelines and preferred reporting items for systematic reviews and meta-analyses statement. Three reviewers
independently selected the studies and extracted data. Quality assessment of the included studies was undergone. A fixed effects
model was used to calculate overall effect sizes. Subgroup analyses were subsequently performed. A fixed effects model was
used to calculate the overall effect size. Subgroup analyses were then performed.

Results: Seven studies with 233 patients were investigated. We found pioglitazone significantly improved hemoglobin A1c (%)
in patients with T2DM and left ventricular diastolic function had an improvement tendency (weighted mean difference [WMD],
0.03; 95% confidence interval [Cl], 0.01-0.05, P < .01) despite moderate heterogeneity (> = 66%). Subsequent subgroup analysis
indicated that left ventricular diastolic function were significantly improved (WMD, 0.20; 95% CI, 0.12-0.29, P < .001) in T2DM
patients whose average age < 55 after receiving pioglitazone treatment. However, in T2DM patients with mean age > 55 years,
there was no significant improvement of left ventricular diastolic function (WMD, 0.02; 95% CI, 0-0.04, P = .04).

Conclusion: Pioglitazone treatment significantly improved left ventricular diastolic function in type 2 diabetic patients with a
mean age of < 55 years, but did not improve left ventricular diastolic function in patients with a mean age of > 55 years.

Abbreviations: Cl = confidence interval, HoA1c = hemoglobin A1c, RCT = randomized clinical trial, T2DM = type 2 diabetes

mellitus, WMD = weighted mean difference.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a complex group of chronic
metabolic diseases characterized by elevated blood sugar levels.
Long-term T2DM may cause multiple organ damage, including
serious damage to the heart, blood vessels, eyes, kidneys and
nerves.!!!

Adults with T2DM have 2- to 3-fold increased risk of cardiovas-
cular disease, including heart failure, angina, myocardial infarction,
and stroke, than adults without diabetes.”! Heart failure is not only

The authors have no funding and confiicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

This meta-analysis was performed in accordance with the PRISMA and the
Cochrane Handbook guidelines. An ethics statement is not applicable because
this study is based exclusively on published literature. This study protocol
conforms to the provisions of the Helsinki Declaration as revised in 2013.

@ Department of Cardiovascular Surgery, Qilu Hospital of Shandong University,
Jinan, Shandong, China, ® Department of Pharmacy, Qingdao Jiaozhou Central
Hospital, Qingdao, Shandong, China.

* Correspondence: Yanwen Bi, Department of Cardiovascular Surgery, Qilu
Hospital of Shandong University, No. 107 West Wenhua Road, Jinan, Shandong
250012, China (e-mail: yanwenbi22@126.com).

a major cause of morbidity and mortality from cardiovascular dis-
ease, but also an ominous sign in patients with T2DM, and 50%
of those with T2DM and heart failure die within 5 years.’! Left
ventricular diastolic dysfunction has been recognized as an early
manifestation of myocardial dysfunction, and it is associated with
adverse cardiovascular outcomes in T2DM patients.! Delaying or
preventing left ventricular diastolic dysfunction could reduce hos-
pitalization and mortality in patients with T2DM.5!

The diabetic heart disease has been postulated to lose its
metabolic flexibility because of myocardial insulin resistance,
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and this is associated with myocardial lipid accumulation,
inflammation, increased collagen formation, myocardial stiff-
ness, and a noncompliant left ventricular. Thiazolidinediones
are potent insulin sensitizers in skeletal muscle that enhance
myocardial glucose uptake in patients with insulin-mediated
T2DM. It has been reported to have various effects in addi-
tion to a hypoglycemic action and an ameliorating effect on
insulin resistance. Improvement of abnormal lipid and pro-
tein metabolism, an anti-inflammatory effect, improvements
in dyslipidemia and endothelial dysfunction, an anti-athero-
genic action, and an inhibitory effect on oxidative stress have
been reported.[*”!

There are 2 common thiazolidinediones, rosiglitazone and
pioglitazone. Rosiglitazone is thought to increase cardiovascu-
lar risk.’71 In contrast, previous studies have shown that when
pioglitazone is used to treat patients with type 2 diabetes, there
is also a significant reduction in cardiovascular events.l’’ Some
studies have shown that pioglitazone can improve left ventric-
ular diastolic function,” ! but other studies have reported that
pioglitazone has no effect on left ventricular diastolic func-
tion.l'*13 The duration of pioglitazone treatment was 16 to 24
weeks and the dose was 15 to 45 milligrams.!'!-13!

Left ventricular diastolic function is often evaluated by E/A
ratio on echocardiography and MRI. Peak E is the first peak of
blood flow from the left atrium to the left ventricle, and peak
A is the second peak of blood flow from the left atrium to the
left ventricle. Normally 1 < E/A < 2, when the ventricle diastole,
suction is stronger, so the E peak is higher than the A peak.
However, when the diastolic function of the heart is impaired,
the diastolic pressure does not decrease significantly, and the
peak value of E will be reduced, so E/A < 1. When E/A > 2,
it indicates decreased cardiac compliance and severe diastolic
dysfunction.

To date, there has been no meta-analysis to settle this dispute.
Therefore, we performed this systematic review and meta-anal-
ysis to determine the relationship between pioglitazone and left
ventricular diastolic function. Furthermore, we attempted to
find the potential cause for these conflicting results.

2. Methods

This systematic review and meta-analysis was conducted and
reported following the meta-analyses and systematic reviews
of observational studies guidelines for this analysis.'"*! The
included studies are searched in accordance with the preferred
reporting items for systematic reviews and meta-analyses
statement. ']

2.1. Databases and search strategy

A systematic literature search was carried out by 2 authors
using 3 online databases, PubMed, EMBASE, and the Cochrane
Library up to May 2021. The following medical subject headings
terms and text words were used in our original meta-analysis:
Pioglitazone, Poglitazone Hydrochloride, AD4833, U72107A,
Left Ventricular End-Diastolic Volume, Left Ventricular Diastol,
Left Ventricular Diastolic Function, Type 2 diabetes mellitus.
Three authors independently reviewed and cross-checked the
articles. All the authors agreed that the relevant studies were
qualified. We also browsed the references of included papers
for potentially relevant publications. Disagreements among the
reviewers were resolved by consensus.

2.2. Study selection and criteria

Inclusion criteria were as follows: trials on patients with type
2 diabetes; studies published in English; studies conducted on
human subjects; trials examining left ventricular diastolic func-
tion before and after the treatment of pioglitazone; and trials
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that reported at least 1 dispersion measure for treatment groups
of pioglitazone.

Exclusion criteria were as follows: animals studies; studies
investigating non-pioglitazone interventions; comments, letters,
reviews and meta-analyses; data not presented as mean = stan-
dard deviation; and trials lacking necessary data required for
left ventricular diastolic function analyses.

2.3. Data extraction and quality assessment

The studies that met the conditions of this meta-analysis were
independently browsed by 3 evaluators, and then the corre-
sponding data were extracted into the pre-designed form. If
there was a discrepancy, the reviewers assessed the data together
to reach a consensus.

The following data were extracted: study characteristics (first
author, country, publication year, types of study designs, num-
ber of study participants), patients’ characteristics (average age,
sex ratio, hemoglobin Alc [HbA1c,%]), time of therapy, drug
dosage, method of measurement of E/A, outcomes (value of E/A
before and after the treatment of pioglitazone).

We used the Newcastle-Ottawa Scalel'®! to evaluate the
quality of the included observational cohort studies. The qual-
ity assessment criteria were as follows: whether the patients
included in the study really represented all people in the pop-
ulation who had treatment with pioglitazone; whether the
non-exposed group was from the same population as the
pioglitazone group; whether the type 2 diabetes cases were
typical; whether left ventricular diastolic function had been
known at start of study; whether the study considered the
comparability of pioglitazone and non-pioglitazone groups in
design and statistical analysis; whether the results of the study
had file records; whether the follow-up time for the population
was sufficiently long for outcomes to occur; and whether the
follow-up in pioglitazone group was complete. The maximum
score attainable was 9 (the maximum score of v. was 2) and
studies with a score equal to or higher than 6 were consid-
ered to be eligible for our meta-analysis. Details are shown in
Figure 1.

As for randomized clinical trials (RCTs), we used Cochrane
Collaboration’s risk of bias tool with Review Manager ver-
sion 5.3 to assess their quality. The quality evaluation criteria
included: random sequence generation; allocation concealment;
blinding of participants and personnel; blinding of outcome
assessment; incomplete outcome data; selective reporting; and
other bias. the risk bias of each study was evaluated at 3 levels:
“high, unknown, or low risk bias.” The results of the evalua-
tions were placed in a risk of bias summary. Details are shown
in Figure 2.

2.4. Data synthesis and analysis

A fixed effect model was used to calculate the weighted mean
differences (WMDs) and 95% confidence intervals (CIs) for the
value of E/A before and after the treatment of pioglitazone."”
Cochran’s Q (chi-square) test was used to quantify the het-
erogeneity, and the I2 statistic was used to assess the extent of
inconsistency: I2>50% is considered substantial heterogene-
ity."8lPublication bias was assessed by Funnel plot (shown in
Fig. 3).

Subgroup analysis according to average age, drug dosage,
HbA ¢, time of therapy, method of measurement of E/A, and
types of study designs was performed and used to detect poten-
tial heterogeneity.

For most tests, A 2-sided P value of < .01 was defined as
statistical significance. All data was analyzed with Review
Manager (RevMan 5.3, The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, 2014) statistical
software.
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Figure 1. Quality assessment of observational cohort studies.

3. Results

3.1. Literature search

A total of 333 potential articles were identified from the 3 data-
bases. After duplicates were removed, the titles and abstracts
of 286 records were independently screened by 2 reviewers,
resulting in the selection of 40 articles and then a more detailed
assessment of their qualifications. There were 2 studies whose
data were repetitive.®'”! Finally, 7 articles were selected for
inclusion in this meta-analysis.”""3 The detailed steps of the lit-
erature search are presented in Figure 4.

3.1.1. Study characteristics. These 7 selected studies were
published from 2006 to 2017 and total included 233 patients
with type 2 diabetes mellitus. The characteristics of the
studies are presented in Table 1. Two studies were carried out
in America™?l and 1 study was conducted in Japan.''?! Two
were in Turkey.”'” One was in Netherlands® and 1 was in
Greece."The sample size of the trials ranged from 12 to 49.
Three studies were RCTV"! and 4 were Cohort studies.['*!3!
The duration of pioglitazone treatment was 16 to 24 weeks and
the dose was 15 to 45 milligrams. E/A were examined by the
means of Echocardiography and MRI. Quality assessment of
the included studies is presented in Figure 1 (for cohort studies)
and Figure 2 (for RCT).

3.1.2. Overall analysis.

3.1.2.1. HbAT1c outcomes. Pioglitazone significantly improved
HbAlc (%) in patients with T2DM (WMD, 0.62; 95% CI,
0.55-0.68, P < .01) although with high heterogeneities of I?
= 77 (shown in Fig. 5a). Therefore, a sensitivity analysis was
performed by random effects model to exclude data that led
to significant heterogeneity (pioglitazone improves ventricular

diastolic function in patients with diabetes mellitus: a tissue
Doppler study!'”), and still found a significant decrease in
HbA ¢ in patients with T2DM (WMD, -0.60; 95% CI, -0.53
to -0.66, P < .01) without a significant heterogeneity (I* = 0%)
(shown in Fig. 5b), which indicated that the heterogeneity did
not affect the results.

3.1.2.2.  Cardiovascular ~ outcomes. As  demonstrated
in Figure Sc, the E/A ratio was higher after treatment of
pioglitazone than pretherapy levels (WMD, 0.03; 95% CI,
0.01-0.05, P < .01), implying that pioglitazone improved left
ventricular diastolic function in patients with T2DM. However,
the WMD from studies that exhibited significant heterogeneity
was assessed by a fixed effect model (I> = 66%, P = .007). No
Publication bias was found in funnel plot.

3.1.2.3. Subgroup analysis. Subgroup analysis was performed
to explore the source of the heterogeneity. We divided these
studies into 2 subgroups: mean age < 55 and mean age > 55. The
mean age < 55 subgroup consisted of 3 studies!'*'*' and the results
showed that left ventricular diastolic function after treatment
of pioglitazone were significantly improved (WMD, 0.20; 95%
CL, 0.12-0.29, P < .001) without a significant heterogeneity (I?
= 0). The mean age > 55 subgroup consisted of 4 studies!”*!?!
and the analysis showed that there was no difference in left
ventricular diastolic function after treatment of pioglitazone
(WMD, 0.02; 95% CI, 0-0.04, P = .04) and the heterogeneity
was not significant (I* = 0%). Test for subgroup differences: I* =
93.5% (P < .01). Details are shown in Figure 5d. These results
showed no evidence of heterogeneity and explained part of the
problem of heterogeneity in the full analysis.

In the subsequent analysis, we analyzed other subgroups clas-
sified by pioglitazone dosage (<30 mg or > 30 mg), HbAlc (<7%
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Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Allocation concealment (selection bias)
Selective reporting (reporting bias)

Other bias

Geoffrey D. Clarke 2014
Geoffrey D. Clarke 2017
J.T. Jonker 2010
Katerina K Naka 2010
Selcuk Pala 2010

Serkan ORDU 2010
Terui, G. 2006

Figure 2. Risk of bias summary of 7 RCTs. RCT = randomized controlled
trial.

or > 7%), measuring method (echocardiography or MRI), types
of study designs (RCT or cohort study), however, as illustrated
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in Table 2, the outcomes showed either no significance or high
heterogeneity based on the evidence presented.

4. Discussion

In this meta-analysis, we found an improvement in left ventric-
ular diastolic function with pioglitazone treatment. Using sub-
group analysis, we attempted to seek the source of heterogeneity
in left ventricular diastolic function (E/A) after pioglitazone
treatment.

The thiazolidine derivative pioglitazone, considered as a per-
oxisome proliferator-activated receptor y activator, is currently
used in the treatment of T2DM.22!l It has been reported to
have various effects in addition to its hypoglycemic effects and
its role in improving insulin resistance. Improvement of abnor-
mal lipid and protein metabolism, an anti-inflammatory effect,
improvements of dyslipidemia and endothelial dysfunction, an
anti-atherogenic action, and an inhibitory effect on oxidative
stress have been reported.?2-24

Regarding the left ventricular diastolic function in T2DM
patients after treatment of pioglitazone, however, divergence
emerged. Hence, we tried to reconcile diverse reports and come
to a rational conclusion as to how the left ventricular diastolic
function varied.

In the process of extracting data, we focused on the left ven-
tricular diastolic function in patients with T2DM after treat-
ment with pioglitazone and other factors as well that may affect
it. From the forest plot (Fig. 2), we found that left ventricular
diastolic function was improved after pioglitazone treatment.
However, high heterogeneity (I*> = 66%) suggested some con-
founding factors may have been responsible. Consequently, we
performed a subgroup analysis in an attempt to seek the source
from which heterogeneity was generated and thus reduce or
eliminate the heterogeneity.

In the subgroup analysis, it was assumed that mean age was
an important factor, as previous studies had identified this issue
but failed to provide an answer.?>?¢ Accordingly, the studies
were divided into 2 subgroups with an mean age < 55 years and
an mean age > 55 years. As shown in Figure 3, left ventricular
diastolic function unchanged in T2DM patients whose mean
age > 55, but was significantly improved in patients with T2DM
with an mean age < 55 years.
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Figure 3. Publication bias was assessed by Funnel plot.
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Records identified through
searching Pubmed (n=115)

Records identified through
searching Embase (n=203)

Records identified through searching

the Cochrane library (n=15)

!

Total records after being generated (n=303)

Records after duplicatesremoved (n=286)

Study among animal (n=39)
No original research (n=28)
Non-pioglitazone intervention (n=112)

No left ventricular diastolic function (n=65)
Others( n=2)

Article excluded after reviewing titles and abstracts (n=246)

Full-text articles assessed for eligibility (n=40)

Article excluded after full text review (n=33)
Non-T2DM (n=9)
Text not available (n=4)

No left ventricular diastolic function (n=7)
Data was not expressed as mean=SD(n=2)
Duplicate data (n=11)

Records included in qualitative synthesis (n=7)

Figure 4. Flowchart of trials selection process.

Characteristics of studies included in the meta-analysis.

Sample Pre-theraphy  Post-therapy  Therapy  Dosage Measuring
Reference Region Study type size Age (yr) HbA1c¢(%) (E/A) (E/A) time (mg/d) method
Clarke et al America Cohort study 12 50.7 + 9.1 6.8+1.6 1.08+0.3 13+03 24w 45 MRI
13]
(%I?réé ;t al America Cohort study 12 52 6.4+04 1.04 +0.28 1.25+0.38 24w 30-45 MRI
11
igrjlz;r ]et al  Netherlands RCT 39 56.8 71+02 1.07 £ 0.05 1.09 + 0.05 24 w 30 MRI
8]
ﬁg:«? etal Greece RCT 42 64.3 + 8.1 80+09 0.87 £0.27 0.86 +0.23 24w 30 Echocardiography
[7]
ggllaoet al Turkey RCT 20 55.8 84+24 1+06 1+04 16w 30 Echocardiography
9]
%?(]L? [e]t al Turkey Cohort study 49 49 8.59 + 1.36 09+0.23 11+0.28 24w 30 Echocardiography
10]
%grh?[et]al Japan Cohort study 15 67.8+129 - 0.91+0.23 0.99 +0.24 24w 15-30 Echocardiography
20061

HbA1c = hemoglobin A1c, MRI = magnetic resonance imaging, RCT = randomized controlled trial.
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A post-therapy pretherapy Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Geoffrey D. Clarke 2014 64 04 12 59 04 12 4.4% 0.50[0.18, 0.82] -
Geoffrey D. Clarke 2017 67 1.3 12 56 08 12 0.6% 1.10[0.24, 1.96]
J. T. Jonker 2010 71 02 39 65 0.1 39 90.7% 0.60[0.53, 0.67] .
Katerina K Naka 2010 8 09 42 75 1 42 27% 0.50[0.09, 0.91] -
Selcuk Pala 2010 84 24 20 7.2 24 20 0.2% 1.20[-0.29, 2.69] 1
Serkan ORDU 2010 859 136 49 6.73 1.44 49  1.5% 1.86[1.31,241] -
Total (95% CI) 174 174 100.0% 0.62 [0.55, 0.68] '
Heterogeneity: Chi? = 22.14, df = 5 (P = 0.0005); I* = 77% + 2 5 2 31
Test for overall effect: Z = 18.05 (P < 0.00001) Favours [experimental] Favours [control]
B post-therapy pretherapy Mean Difference Mean Difference
_Study or Subgroup ~~ Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, Random, 95% Cl
Geoffrey D. Clarke 2014 6.4 04 12 59 04 12 44% 0.50[0.18, 0.82] -
Geoffrey D. Clarke 2017 67 1.3 12 56 08 12 0.6% 1.10[0.24, 1.96] —_
J. T. Jonker 2010 71 02 39 65 0.1 39 92.0% 0.60 [0.53, 0.67] .
Katerina K Naka 2010 8 09 42 75 A1 42 2.7% 0.50 [0.09, 0.91] -
Selcuk Pala 2010 84 24 20 7.2 24 20 02% 1.20[-0.29, 2.69] ]
Total (95% CI) 125 125 100.0% 0.60 [0.53, 0.66] t
Heterogeneity: Tau? = 0.00; Chi? = 2.51, df = 4 (P = 0.64); I2= 0% j4 2 5 2 jl
Test for overall effect: Z = 17.38 (P < 0.00001) Favours [experimental] Favours [control]
C post-therapy pretherapy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fi % Cl
Geoffrey D. Clarke 2014 1.3 03 12 1.08 0.3 12 0.7% 0.22[-0.02, 0.46]
Geoffrey D. Clarke 2017 1.25 0.38 12 1.04 0.28 12 0.6% 0.21[-0.06, 0.48]
J. T. Jonker 2010 1.09 0.05 39 1.07 0.05 39 84.8% 0.02[-0.00,0.04]
Katerina K Naka 2010 0.86 0.23 42 0.87 0.27 42 3.6% -0.01[-0.12, 0.10] -1
Selcuk Pala 2010 1 04 20 1 06 20 0.4% 0.00[-0.32,0.32]
Serkan ORDU 2010 1.1 0.28 49 09 0.23 49  4.1% 0.20[0.10, 0.30] -
Terui, G. 2006 0.99 0.24 59 091 023 59  5.8% 0.08[-0.00, 0.16] —
Total (95% CI) 233 233 100.0% 0.03 [0.01, 0.05] ¢
Heterogeneity: Chiz = 17.58, df = 6 (P = 0.007); I* = 66% ; 0 s 5 0‘ 5 1‘
Test for overall effect: Z = 3.09 (P = 0.002) Favours [experimental] Favours [control]
D post-therapy pretherapy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
1.2.1 Average age < 55
Geoffrey D. Clarke 2014 1.3 03 12 1.08 03 12 0.7% 0.22[-0.02,0.46] T
Geoffrey D. Clarke 2017 1.25 0.38 12 1.04 0.28 12 0.6% 0.21[-0.06,0.48] ]
Serkan ORDU 2010 1.1 0.28 49 09 0.23 49  4.1% 0.20[0.10, 0.30] -
Subtotal (95% Cl) 73 73 5.4% 0.20[0.12, 0.29] -
Heterogeneity: Chi? = 0.02, df =2 (P = 0.99); I? = 0%
Test for overall effect: Z = 4.53 (P < 0.00001)
1.2.2 Average age = 55
J. T. Jonker 2010 1.09 0.05 39 1.07 0.05 39 84.8% 0.02[-0.00, 0.04] .
Katerina K Naka 2010 0.86 0.23 42 0.87 0.27 42 3.6% -0.01[-0.12,0.10] I
Selcuk Pala 2010 1 04 20 1 06 20 0.4% 0.00[-0.32,0.32]
Terui, G. 2006 0.99 0.24 59 091 0.23 59  5.8% 0.08[-0.00, 0.16] —
Subtotal (95% CI) 160 160 94.6% 0.02 [0.00, 0.04] *
Heterogeneity: Chi* = 2.19, df = 3 (P = 0.53); I = 0%
Test for overall effect: Z = 2.09 (P = 0.04)
Total (95% CI) 233 233 100.0% 0.03 [0.01, 0.05] 4
Heterogeneity: Chi* = 17.58, df = 6 (P = 0.007); I* = 66% o5 o ; Py E—

Test for overall effect: Z = 3.09 (P = 0.002)
Test for subgroup differences: Chi? = 15.37, df = 1 (P < 0.0001), I> = 93.5%

Favours [experimental] Favours [control]

Figure 5. (a) Forest plots show the mean difference in HbA1c (%) change before and after Pioglitazone treatment. (b) After sensitivity analysis, mean difference

in HbA1c (%) change before and after Pioglitazone treatment. (c) Forest plots sh

ow the mean difference in the value of £E/A change before and after Pioglitazone

treatment. (d) After Subgroup analysis, the mean difference of £/A change before and after Pioglitazone treatment. HbA1c = hemoglobin Aic.

Previous data by Hughes et al suggested that improvements
in myocardial glucose utilization, lipid metabolism and endo-
thelial function contribute to improved left ventricular perfor-
mance.?-?!Several research have found that pioglitazone inhibits
myocardial fibrosis, reduces myocardial collagen content and
improves left ventricular diastolic function in patients with type
2 diabetes through different pathways.!1%3%31 Moreover, Naka
et al reported that left ventricular diastolic function in patients
was inversely correlated with age and the presence of hyperten-
sion, which was similar to previous reports.?*?! Another study

by Clarke et al showed that left ventricular diastolic dysfunction
in patients with T2DM was strongly associated with myocardial
insulin resistance and glucose metabolism, both of which were
improved by pioglitazone.l'é However, the exact mechanism by
which left ventricular diastolic function (E/A) improves after
pioglitazone treatment remains unclear to date.

Based on our current study, we found a significant improve-
ment in left ventricular diastolic function in T2DM patients with
a mean age < 55 after treatment with pioglitazone. However,
no improvement in left ventricular diastolic function was seen



Song et al. ® Medicine (2023) 102:1

www.md-journal.com

Summary risk estimates of left ventricular diastolic function change after treatment of pioglitazone.

Number of studies Fixed effects WMD (95% CI) F (%) Pvalue

Over all 7 0.03(0.01,0.05) 66 .002
Subgroup analysis
Study type

RCT 3 0.02 (-0.00, 0.04) 0 .09

Cohort study 4 0.14(0.08, 0.20) 24 <.001
Measuring method

MRI 3 0.02 (0.00, 0.04) 56 .04

Echocardiography 4 0.09 (0.03,0.14) 63 .001
Dosage

<30 mg/d 5 0.03(0.01, 0.05) 70 .005

>30mg/d 2 0.03(0.01, 0.05) 66 .002
HbA1c

<7% 2 0.22 (0.04, 0.39) 0 .02

>7% 4 0.03 (0.01, 0.05) 75 .01

Unknown 1 0.08 (-0.00, 0.16) - .06

Cl = confidence interval, HbA1c = hemoglobin A1c, MRI = magnetic resonance imaging, RCT = randomized controlled trial, WMD = weighted mean difference.

in patients with T2DM with a mean age > 55, suggesting that
mean age is an important factor. A plausible model is that piogl-
itazone improves left ventricular diastolic function in T2DM
patients with a mean age < 55 by inhibiting myocardial fibrosis
through different pathways. However, in T2DM patients with a
mean age > 535 years, myocardial collagen content increases with
age and irreversible myocardial fibrosis occurs,*3-35 leading to
a decrease in left ventricular diastolic function. The above rea-
sons may limit the potential beneficial effects of pioglitazone on
diastolic function.

We also observed and analyzed other factors that may affect
left ventricular diastolic function after the treatment of piogl-
itazone, including pioglitazone dosage (<30mg or > 30 mg),
HbA1c (7% or>7%),measurement method (Echocardiography
or MRI), study type (RCT or cohort study). However, sub-
group analysis did not show a reduction in heterogeneity or
the results showed no statistical significance. Therefore, based
on the data we have extracted so far, the above factors may not
be responsible for explaining the heterogeneity of the overall
analysis.

There are limitations in this systematic review and meta-anal-
ysis. First, the total number of included studies was only 7 with
233 patients having sufficient data, the potential significance
in the overall meta-analysis may not be shown. Second, the
duration of pioglitazone treatment for T2DM patients in this
meta-analysis was 16 to 24 weeks, the long-term effect needs
further study. Additionally, only 3 RCT and 4 cohort study data
were searched from the databases and included here, which
makes it difficult to evaluate the causal association between left
ventricular diastolic function and pioglitazone. Further exam-
ination of this possibility requires more evidence-like cohort
studies. Therefore, given the above limitations, our results
should be interpreted with caution.

5. Conclusion

Pioglitazone significantly improved HbAlc (%) in patients
with T2DM, and on the basis of the current evidence, we con-
cluded that patients with T2DM with a mean age < 55 years
showed a significant improvement in left ventricular diastolic
function after pioglitazone treatment, but in T2DM patients
whose mean age > 55 years did not exhibited an improvement
in left ventricular diastolic function. Therefore, this treatment
option can be considered beneficial for patients with T2DM,
especially those young patients with abnormal ventricular dia-
stolic function. Additional clinical trials with larger sample sizes
and more available data in different age subgroups may better
clarify these issues.
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