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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) accounts for over 90% of diabetes cases worldwide. Pioglitazone, a thiazolidin-
edione, enhances insulin sensitivity by activating PPAR-y. Evidence on its efficacy and safety as an add-on to metformin and
SGLT?2 inhibitors in inadequately controlled T2DM is limited. This systematic review and meta-analysis evaluates pioglitazone's
role as a third-line therapy for improving glycaemic control in addition to metformin and Dapagliflozin.

Methodology: We conducted comprehensive searches across PubMed, CENTRAL, WOS, Scopus and EMBASE until December
2024. Pooled data were reported using risk ratio (RR) for dichotomous outcomes and mean difference (MD) for continuous out-
comes, along with a 95% confidence interval (CI). This systematic review and meta-analysis is registered with PROSPERO ID:
CRD42024612005.

Results: We included three RCTs with 885 patients. Pioglitazone add-on therapy significantly reduced HbA1lc levels (MD: —0.41;
95% CI: —0.54 to —0.27, p=<0.00001, I = 0%), fasting blood glucose (MD: —11.91; 95% CI: —16.34 to —7.48, p=<0.00001, I>=0%),
Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) (MD: —0.65; 95% CI: —1.05 to —0.25, p=0.001, I>=4.89%),
increased the rate of achieving HbAlc <7% (RR: 2.09; 95% CI: 1.66 to 2.64, p=<0.00001, I>=0%), and HbAlc <6.5% (RR: 2.19;
95% CI: 1.36 to 3.53, p=0.001, I?=0%). However, there was no difference regarding Homeostasis model assessment of 3-cell
function (HOMA-f) between the two groups (MD: 2.73; 95% CI: —5.24 to 10.70, p=0.5, [*=27.53%).

Conclusion: Pioglitazone add-on therapy significantly improved glycaemic control by reducing HbAlc, fasting blood glucose
and HOMA-IR while increasing the likelihood of achieving HbA1c targets. However, no significant difference was observed
in HOMA- between groups. These findings suggest the potential benefit of pioglitazone in enhancing glycaemic outcomes in
diabetes management.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2025 The Author(s). Endocrinology, Diabetes & Metabolism published by John Wiley & Sons Ltd.
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1 | Introduction

Type 2 diabetes mellitus (T2DM) accounts for over 90% of diabe-
tes cases worldwide [1]. Its pathophysiology primarily involves
progressive dysfunction of pancreatic {3-cells and deteriorating
insulin sensitivity in peripheral tissues [2]. Most patients with
T2DM require a combination of oral antidiabetic drugs (OADs)
with different mechanisms of action to achieve glycaemic con-
trol and prevent long-term complications [3]. When two-drug
therapy fails to achieve euglycemia, a third agent is typically
added to the regimen.

Sodium-glucose cotransporter-2 (SGLT2) inhibitors have be-
come a standard add-on option due to their unique insulin-
independent mechanism, which promotes urinary glucose
excretion by inhibiting glucose reabsorption in the proximal
renal tubule [4]. This mechanism minimises the risk of hy-
poglycaemia while conferring benefits on visceral adiposity,
hyperuricaemia, lipid profile and blood pressure [5]. Multiple
clinical trials have demonstrated that SGLT2 inhibitors improve
cardiovascular and renal outcomes, primarily attributed to their
osmotic diuretic effect [6-9]. However, despite their favourable
safety profile, they are associated with adverse events such as
diabetic ketoacidosis (DKA), genitourinary infections and hy-
potension [8, 10]. Current guidelines by the American Diabetes
Association (ADA), the European Association for the Study
of Diabetes (EASD) and the American Association of Clinical
Endocrinology endorse SGLT2 inhibitors as a core component
of T2DM management, particularly for patients with athero-
sclerotic cardiovascular disease, heart failure, or chronic kidney
disease [11, 12].

Pioglitazone, a thiazolidinedione, works by activating the nu-
clear hormone receptor peroxisome proliferator-activated re-
ceptor-y (PPAR-y) [13], thereby enhancing insulin sensitivity in
various tissues [14]. Extensive clinical trials have demonstrated
that pioglitazone significantly reduces the risk of myocardial in-
farction and stroke [15, 16] and may also slow the progression of
atherosclerosis [17, 18]. However, side effects, including weight
gain and plasma volume expansion, which may precipitate heart
failure, have limited its use as a monotherapy [19]. Combining
pioglitazone with SGLT2 inhibitors may provide a synergis-
tic effect by mitigating pioglitazone-associated fluid retention
and weight gain without increasing the risk of hypoglycaemia
[20, 21].

Evidence on the efficacy and safety of adding pioglitazone as a
third agent for patients with T2DM inadequately controlled on
metformin and SGLT2 inhibitors is limited. This systematic re-
view and meta-analysis aims to evaluate the efficacy and safety
of pioglitazone as an add-on therapy for patients with T2DM
who are not achieving glycaemic targets with dual therapy.

2 | Methodology
2.1 | Protocol Registration
This systematic review and meta-analysis were completed

using the PRISMA statement [22] and the Cochrane Handbook
for systematic reviews and meta-analyses [23]. This review

has been registered in PROSPERO under the following ID:
CRD42024612005.

2.2 | Data Sources and Search Strategy

Our search was conducted until December 2024 on the follow-
ing databases: PubMed (MEDLINE), Web of Science (WOS),
SCOPUS, EMBASE and the Cochrane Central Register of
Controlled Trials (CENTRAL). Following our modifications to
each database's search terms and keywords, the detailed search
strategy is shown in (Table S1).

2.3 | Eligibility Criteria

We included randomised controlled trials (RCTs) that followed
the following PICO criteria: population (P): patients with T2DM;
intervention (I): pioglitazone add-on therapy with metformin
and dapagliflozin; comparison (C): metformin and dapagli-
flozin; and outcomes (O): our primary outcomes are the change
in HbAlc, achievement of HbA1lc targets of <7% and <6.5%.
Our secondary outcomes included the change in fasting blood
glucose, HOMA-IR, HOMA-4, systolic blood pressure (SBP),
diastolic blood pressure (DBP), total cholesterol, Low-density
lipoprotein-cholesterol (LDL-C), High-density lipoprotein-
cholesterol (HDL-C), triglycerides (TAGs), body weight and
safety outcomes, including treatment-emergent adverse events
(TEAE) and adverse drug reactions (ADR). The following cri-
teria were used to exclude papers: the following study types are
not considered original: (1) book chapters, reviews, comments,
letters to the editor and guidelines; (2) any other study design
other than RCTs; (3) studies with overlapping or duplicate data-
sets; (4) non-human and in vitro experiments; and (5) studies not
published in English.

2.4 | Study Selection

The review was carried out using the Covidence online tool.
After eliminating duplicates, two authors (U.K. and M.H.) eval-
uated each obtained record independently. During the full-text
screening for eligibility criteria, two authors (A.M.A. and M.H.)
reviewed the full texts of the documents. Any differences were
settled through discussion and agreement with the first author.

2.5 | Data Extraction

To set up the data extraction sheet accurately, we performed
a pilot extraction after obtaining the full texts of the relevant
publications. The Excel (Microsoft, U.S.A.) structured data
extraction sheet is divided into three sections. The first part
included the summary characteristics of the included stud-
ies (study ID, country, study design, number of centers, reg-
istry number, blinding status, inclusion criteria of the RCT),
intervention group, control (comparison group), sample size,
primary outcome and follow-up period. The second part in-
cluded the baseline information of the participants (number
of patients in each group, age, gender, SBP, DBP, HbA1c, heart
rate, Estimated Glomerular Filtration Rate (eGFR), smoking,
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baseline medications, other anti-hyperglycaemic medica-
tions, non-ST-elevation myocardial infarction (NSTEMI),
ST-elevation myocardial infarction (STEMI), angina and co-
morbidities). Finally, the third part included outcomes data.
Two reviewers (A.M.A. and Z.M.) were responsible for data
extraction. Any differences were settled by discussion and
agreement with a senior author.

2.6 | Risk of Bias and Certainty of Evidence

Two reviewers (Z.M. and A.M.A.) independently evaluated the
studies’ quality using the Cochrane ROB-2 method [24]. They
considered five domains, including the risk of bias associated
with the randomisation process, deviation from the intended in-
tervention, missing outcome data, measuring the outcome and
choosing the reported results. Any disagreements were resolved
by discussion with a senior author.

2.7 | Statistical Analysis

The statistical analysis was conducted using RevMan v5.3 soft-
ware. For dichotomous outcomes, we employed the risk ratio
(RR), while for continuous outcomes, we utilised the mean
difference (MD), both reported with a 95% confidence interval
(CI). To evaluate heterogeneity, we used the chi-square and I?
tests. The chi-square test was employed to identify the presence
of heterogeneity, while the I? test gauged its degree. Our inter-
pretation of the I? test followed these criteria: heterogeneity is
insignificant for 0%-40%, moderate for 30%-60%, substantial
for 50%-90% and considerable for 75%-100%, as outlined in the
Cochrane Handbook (chapter nine). We considered a signifi-
cance level below 0.1 for the chi-square test to indicate signif-
icant heterogeneity.

3 | Results
3.1 | Search Results and Study Selection

A total of 1817 records were incorporated from five databases
into Covidence. Eight hundred sixty-nine were duplicates and
removed by Covidence, leaving 948 records to be screened. Out
of these, 936 records were found to be irrelevant and excluded
in title and abstract screening. This left 12 studies for full-text
screening, and three were found eligible for data extraction
(Figure 1).

3.2 | Characteristics of Included Studies

The final analysis included three RCTs [25-27] with 885 pa-
tients. The mean age of patients ranged from 56.8 to 57.7 years,
while the mean HbA1c of patients ranged from 7.62% to 7.92%.
The majority of participants were male. Comprehensive de-
tails of the included studies’ summary characteristics and the
participants’ baseline characteristics are outlined in (Tables 1
and 2).

3.3 | Risk of Bias and Certainty of Evidence

After assessing three RCTs by ROB-2, all RCTs included in the
analysis demonstrated a low risk of bias, as comprehensively
outlined in (Figure 2). Certainty of evidence is demonstrated in
the GRADE evidence profile (Table 3). The Rob2 details for each
domain assessed are explained in (Tables S2-S4).

3.4 | Primary Outcomes

Pioglitazone as an add-on therapy demonstrated significant
efficacy in improving glycaemic control, with a significant
reduction in HbAlc levels compared to the control group
(MD: -0.41; 95% CI: —0.54 to —0.27, p=<0.00001, I>’=0%)
(Figure 3A). Additionally, a significantly higher proportion
of patients achieved the target HbAlc levels of <7% (RR:
2.09; 95% CI: 1.66 to 2.64, p=<0.00001, I’=0%) (Figure 3B)
and HbAlc <6.5% (RR: 2.19; 95% CI: 1.36 to 3.53, p=0.001,
I?=0%) (Figure 3C).

3.5 | Secondary Outcomes
3.5.1 | Endocrine Outcomes

Pioglitazone add-on therapy showed a significant reduction
in fasting blood glucose levels (MD: —11.91; 95% CI: —16.34 to
—7.48, p=<0.00001, I>’=0%) (Figure 4A) and a significant re-
duction in HOMA-IR (MD: —0.65; 95% CI: —1.05 to —0.25,
p=0.001, I’=4.89%) (Figure 4B). However, no statistically sig-
nificant difference was noted in HOMA-3 between the piogl-
itazone and control groups (MD: 2.73; 95% CI: —5.24 to 10.70,
p=0.5,1>=27.53%) (Figure 4C).

3.5.2 | Cardiovascular Outcomes

Pioglitazone add-on therapy had varying effects on cardiovascu-
lar outcomes. No statistically significant change was observed in
SBP between the two groups (MD: —0.89; 95% CI: —3.06 to 1.28,
p=0.42, ’=5.67%) (Figure 5A). However, a statistically signif-
icant reduction was noted in DBP (MD: —1.70; 95% CI: —3.29 to
—0.11, p=0.04, I>=30.7%) (Figure 5B).

3.5.3 | Lipid Profile

Pioglitazone add-on therapy demonstrated mixed effects on the
lipid profile. No statistically significant impact was observed
on total cholesterol (MD: 1.54; 95% CI: —3.86 to 6.95, p=0.58,
I2=0%) (Figure 6A), LDL-C (MD: —1.04; 95% CI: —5.84 to 3.77,
p=0.67, I?’=0%) (Figure 6B) and triglycerides (MD: —9.45; 95%
CL: —26.39 to 7.48, p=0.27, I’=0%) (Figure 6C). However, a
statistically significant increase was observed in HDL-C levels
with add-on therapy (MD: 2.07; 95% CI: 0.23 to 3.91, p=0.03,
I2=39.06%) (Figure 6D). Additionally, pioglitazone add-on ther-
apy led to a significant increase in body weight (MD: 2.03; 95%
CI: 1.51 to 2.55, p<0.00001, I*= 0%) (Figure 6E).
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FIGURE1 | PRISMA flow chart of the screening process.

3.5.4 | Safety Outcomes

Pioglitazone add-on therapy showed no statistically significant
differences in safety outcomes compared to the control group.
There was no significant difference in TEAE (RR: 1.04; 95% CI:
0.82 to 1.32, p=0.74, I’=0%) (Figure 7A) and ADR (RR: 2.14;
95% CI: 0.99 to 4.66, p=0.05, I>*=0%) (Figure 7B).

4 | Discussion
The primary findings demonstrated a significant reduction in

HbAIc with pioglitazone add-on therapy, accompanied by sub-
stantially higher achievement rates of both HbAlc <7% and

Studies excluded (n=9)
Wrong comparator (n = 3)
Wrong intervention (n = 6)

<6.5% targets. These improvements in glycaemic control were
consistent across studies, as evidenced by the negligible het-
erogeneity in our analyses. The magnitude of HbAlc reduction
likely reflects pioglitazone's complementary mechanism of ac-
tion, enhancing insulin sensitivity through PPAR-y activation
[28], while working synergistically with the glucose excretion
effects of SGLT2 inhibitors and metformin's reduction of hepatic
glucose production [29, 30].

Secondary outcomes revealed meaningful improvements in
several metabolic parameters, including fasting blood glucose
and insulin resistance (HOMA-IR), supporting pioglitazone's
insulin-sensitising effects [31]. As measured by HOMA-@,
beta-cell function remained unchanged, suggesting that
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A. Change in HbAlc

Pioglitazone Add-on Control

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 -0.35 0.87 118  0.03 067 124 47.5% -0.38[-0.58,-0.18] —&—
Heo 2024 -0.67  0.8287943 125 -0.24 1.14690889 125  29.7% -0.43[-0.68,-0.18] L
Lim 2024 -0.53  1.09123783 120 -0.1 1.14769334 120 22.8% -0.43[-0.71,-0.15] &
Total (95% Cl) 363 369 100.0% -0.41[-0.54, -0.27] ‘
1 1 1 1
Heterogeneity: Chi = 0.13, df =2 (P = 0.94); I? = 0% T T T T
genally ( ) ° - 05 0 0.5 1

Test for overall effect: Z = 5.89 (P < 0.00001)

B. Achievement of HbAlc <7%

Favors Pioglitazone Addon  Favors Control

Pioglitazone Add-on Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cho 2024 37 118 16 124 21.2% 2.43[1.43,4.13] -
Heo 2024 71 125 35 125 47.6% 2.03[1.47,2.79] ——
Lim 2024 45 112 23 112 31.2% 1.96 [1.27, 3.00] - &
Total (95% CI) 355 361 100.0% 2.09 [1.66, 2.64] ‘
Total events 153 74
Heterogeneity: Chi? = 0.44, df = 2 (P = 0.80); I = 0% f f f==—1
Test for overall effect: Z = 6.23 (P < 0.00001) ; .0'5 07 ! 15 2
Favors Pioglitazone Addon  Favors Control
C. Achievement of HbAlc <6.5%
Pioglitazone Add-on Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cho 2024 7 118 4 124  17.8% 1.84[0.55, 6.12] 5
Heo 2024 29 125 12 125 54.7% 2.42[1.29,4.52] ——
Lim 2024 12 114 6 112 27.6% 1.96 [0.76, 5.05] - &
Total (95% CI) 357 361 100.0% 2.19[1.36, 3.53] ‘
Total events 48 22
1 ] 1
T T T

Heterogeneity: Chi? = 0.23, df =2 (P = 0.89); I = 0%
Test for overall effect: Z = 3.22 (P = 0.001)

1 1 1
T T T
0.1 0.2 0.5 1 2 5 10
Favors Pioglitazone Addon  Favors Control

FIGURE 3 | Forest plot of the (A) change in HbA1c levels, (B) achievement of HbAlc < 7% and (C) achievement of HbAlc <6.5%. CI, confidence

interval; RR: risk ratio; SD, standard deviation.

events such as fluid retention, which can worsen heart failure
in susceptible individuals [37]. Although SGLT2 inhibitors
might mitigate this risk, the studies did not report on periph-
eral edema or heart failure events. Additionally, the increased
risk of bone fractures, especially in postmenopausal women,
was not adequately addressed due to the short study duration
[38, 39].

Our findings both complement and extend previous meta-
analyses examining combination therapies in T2DM. The land-
mark meta-analysis by Zhang et al. compared the efficacy and
safety of SGLT2 inhibitors and metformin in adults with DM.
SGLT2 inhibitors significantly reduced HbAIc levels and body
weight compared to placebo and metformin. SGLT2 inhibitors
and metformin reduced total insulin dosage compared to pla-
cebo, with no significant difference. There was no difference
in the risk of severe hypoglycaemia between SGLT2 inhibitors
and metformin. However, SGLT2 inhibitors carried a higher risk
of DKA than metformin or placebo. Overall, SGLT2 inhibitors

were more effective but posed a higher DKA risk. Examining
dual therapy with SGLT2 inhibitors and metformin reported an
HbA1c reduction of —0.40% [40].

Notably, a comprehensive network meta-analysis by Downes
et al. evaluated triple therapy regimens available in Australia,
analysing evidence from 27 trials conducted between 2002 and
2014 [41]. Their findings demonstrated that virtually all triple
therapy combinations, except metformin-thiazolidinedione-
DPP4 inhibitor combinations, achieved superior glycaemic
control compared to dual therapy with metformin and sulfony-
lureas. The variable outcomes regarding weight changes and hy-
poglycaemia risk across different combinations in their analysis
underscore the importance of individualised therapy selection,
particularly given our observed weight gain with pioglitazone
addition.

The findings of our meta-analysis have several important clini-
cal implications. First, they establish pioglitazone as an effective
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A. Change in Fasting Glucose

Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 -8.89 26.28792879 118  1.562 27.39340067 124 42.9% -10.41[-17.17,-3.65] —&—
Heo 2024 -16.78  29.27800027 125 -2.14 32.15413659 125 33.8% -14.64 [-22.26, -7.02] —
Lim 2024 -11.9  34.17747796 120 -1.2 38.25454221 120 23.3% -10.70 [-19.88, -1.52] - &
Total (95% Cl) 363 369 100.0% -11.91[-16.34, -7.48] ‘
Heterogeneity: Chiz = 0.75, df = 2 (P = 0.69); I* = 0% } t t t

t
-20 -10 0 10 20

Testioroverall efect: Z:=/5.27/(P </0.00001) Favors Pioglitazone Addon  Favors Control

B. Change in HOMA-IR

Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 -0.7  1.62941707 118 -04 3.11794804 124 41.1%  -0.30 [-0.92, 0.32] —& T
Heo 2024 -1.05  2.30783448 125 -0.15 2.98563226 125  36.4% -0.90[-1.56,-0.24] —
Lim 2024 -1 3.92045916 120 -0.1 2.58069758 120  22.6% -0.90 [-1.74,-0.06] I B
Total (95% Cl) 363 369 100.0% -0.65[-1.05, -0.25] S =
Heterogeneity: Chi? = 2.10, df = 2 (P = 0.35); I = 5% t f t f

T T
-2 -1 0 1 2

Test for overall effect: Z = 3.21 (P = 0.001) Favors Pioglitazone Addon  Favors Control

C. Change in HOMA-Beta

Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 -0.97 25.41890635 118 -7.1 49.10768168 124 66.4% 6.13[-3.65, 15.91] __.—
Heo 2024 -1.13  48.57717159 1256 2.85 61.51520219 125  33.6% -3.98[-17.72,9.76] — &
Total (95% Cl) 243 249 100.0% 2.73 [-5.24, 10.70] ?

Heterogeneity: Chi? = 1.38, df = 1 (P = 0.24); I = 28% 1 } 1 } }

Test f Il effect: Z = 0.67 (P = 0.50 0 o ‘ 2 *
est for overall effect: Z = 0.67 (P = 0.50) Favors Pioglitazone Addon  Favors Control

FIGURE 4 | Forest plots of the (A) change in fasting blood glucose, (B) HOMA-IR and (C) HOMA-Beta. CI, confidence interval; SD, standard
deviation.

A. Change in Systolic Blood Pressure (SBP)

Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 -0.95 11.62317513 118 0.01 11.80366045 124 53.9% -0.96 [-3.91, 1.99] ——
Heo 2024 -3.19  16.99609955 125 -4.39 16.77982419 125  26.8% 1.20[-2.99, 5.39] -
Lim 2024 -0.8 18.24527336 120 2.8 20.64800232 120 19.3% -3.60[-8.53, 1.33] [ I
Total (95% Cl) 363 369 100.0% -0.89 [-3.06, 1.28] ’
1 1 1

Heterogeneity: Chi* = 2.12, df =2 (P = 0.35); I = 6% t T T

T T T
Test f Il effect: Z = 0.81 (P = 0.42 o N ; . "
est for overall effect: Z = 0.81 (P = 0.42) Favors Pioglitazone Addon  Favors Control

B. Change in Diastolic Blood Pressure (DBP)

Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 -2.16 8.90748 118  0.02 8.90842298 124 50.3% -2.18[-4.43,0.07]
Heo 2024 -2.59  12.79870306 125 -3.07 12.01376294 125 26.8% 0.48 [-2.60, 3.56]
Lim 2024 -0.8  12.82224629 120 24  13.4380058 120 23.0% -3.20[-6.52,0.12] |
Total (95% Cl) 363 369 100.0% -1.70 [-3.29, 0.11] <@
Heterogeneity: Chi? = 2.89, df = 2 (P = 0.24); I = 31% f ) 1 t

10 5 0 5 10

Test for overall effect: Z = 2.10 (P = 0.04) Favors Pioglitazone Addon  Favors Control

FIGURES5 | Forest plots of the (A) change in systolic blood pressure and (B) change in diastolic blood pressure. CI, confidence interval; SD, stan-
dard deviation.
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A. Total Cholesterol

Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 4 25.09302293 118 2.5 31.17948043 124 57.7% 1.50 [-5.61, 8.61]
Heo 2024 4.31 43.57195084 125 3.31 47.63638945 1256 22.8% 1.00[-10.32, 12.32] d
Lim 2024 3.8 50.37955935 120 1.5 46.39159407 120 19.5% 2.30 [-9.95, 14.55] L
Total (95% CI) 363 369 100.0% 1.54 [-3.86, 6.95] ?
Heterogeneity: Chiz = 0.02, df = 2 (P = 0.99); I* = 0% 1 f T t t
Test i Il effect: Z = 0.56 (P = 0.58) 20 0 0 10 g
estiorovera } ) ) Favors Pioglitazone Addon  Favors Control
Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 1.008 20.85653854 118 1.72  28.8410194 124 57.9% -0.71[-7.03, 5.61]
Heo 2024 -0.29 38.57780839 125 0.93 41.83303121 126 23.2% -1.22[-11.20, 8.76] —®
Lim 2024 -1.1  46.32763754 120 0.7 41.01438772 120  18.9% -1.80[-12.87,9.27] L
Total (95% Cl) 363 369 100.0% -1.04[-5.84,3.77] *
Het ity: Chiz = 0.03, df = 2 (P = 0.99); I = 0 f f f ; f
Te e’foge"e' yII ffI 1Z=042 (P (- 0.67 ) - > o ‘ o *
estiforoverall effect:2:= 0.42/(F=.0.67) Favors Pioglitazone Addon  Favors Control
C. HDL-C
Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 3.86  8.36434098 118 3.02 9.91062057 124 63.4% 0.84[-1.47,3.15] —‘.—
Heo 2024 4.46 14.51686261 1256 0.91 16.31462228 126  23.0% 3.55[-0.28,7.38] T
Lim 2024 5.1  20.3823453 120 -0.2 18.95890292 120  13.6% 5.30[0.32, 10.28] - =
Total (95% Cl) 363 369 100.0% 2.07 [0.23, 3.91] ‘
Heterogeneity: Chiz = 3.28, df = 2 (P = 0.19); 12 = 39% t t t t
Test f Il effect: Z = 2.21 (P = 0.03 10 N 0 5 10
est for overall effect: 2= 2.21,(P=0.03) Favors Pioglitazone Addon  Favors Control
. .
D. Triglycerides (TAGS)
Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 -1.27  136.5451508 118 -7.21  100.3311138 124 312%  5.94[-24.37, 36.25] i
Heo 2024 -11.53  109.0858272 125 2.68 93.48041613 1256 45.2% -14.21[-39.39, 10.97] —&—
Lim 2024 -11  109.2132776 120 9.7 161.2918163 120 23.6% -20.70 [-55.55, 14.15] — &
Total (95% Cl) 363 369 100.0%  -9.45[-26.39, 7.48] q
Heterogeneity: Chi2 = 1.53, df = 2 (P = 0.47); I = 0% t t 1 1 i
Test f Il effect: Z = 1.09 (P = 0.27 R = b =0 e
estfor overall effect: 2.=11.09,(F-= 0.27) Favors Pioglitazone Addon  Favors Control
. .
E. Change in Body Weight
Pioglitazone Add-on Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cho 2024 1.11 2.1725561 118 -0.91 2.00439517 124 96.8% 2.02[1.49, 2.55]
Heo 2024 0.87 17.19245474 125 -1.82  16.1573915 125 1.6% 2.69 [-1.45, 6.83]
Lim 2024 1.4 16.12203461 120 -0.7 15.76863976 120 1.7% 2.10[-1.93,6.13]
Total (95% Cl) 363 369 100.0% 2.03 [1.51, 2.55] ‘
Heterogeneity: Chi? = 0.10, df = 2 (P = 0.95); I* = 0% f t t t
-4 -2 0 2 4

Test for overall effect: Z = 7.68 (P < 0.00001)

FIGURE 6
val; SD, standard deviation.

Favors Pioglitazone Addon

Favors Control

| Forest plot of the (A) total cholesterol, (B) LDL-C, (C) HDL-C, (D) triglycerides and (E) change in body weight. CI, confidence inter-
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A. Treatment-Emergent Adverse Events (TEAE)

Pioglitazone Add-on Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cho 2024 35 122 37 125 37.5% 0.97 [0.66, 1.43]
Heo 2024 27 131 27 130 27.8% 0.99 [0.62, 1.60]
Lim 2024 39 124 34 125 34.7% 1.16 [0.79, 1.70] B B E—
Total (95% Cl) 377 380 100.0%  1.04 [0.82,1.32] -
Total events 101 98
Heterogeneity: Chi? = 0.45, df = 2 (P = 0.80); I = 0% f f f f
Test for overall effect: Z = 0.33 (P = 0.74) 0'.5 . g ! b 2

Favors Pioglitazone Addon  Favors Control
B. Adverse Drug Reactions (ADR)

Pioglitazone Add-on Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cho 2024 11 122 4 125 44.2% 2.82[0.92, 8.61] — &
Heo 2024 2 131 1 130 11.2%  1.98[0.18,21.62] L
Lim 2024 6 124 4 125 44.6% 1.51[0.44, 5.23] —
Total (95% Cl) 377 380 100.0% 2.14[0.99, 4.66] S
Total events 19 9
Heterogeneity: Chi2 = 0.54, df = 2 (P = 0.76); I2= 0% f t t i

0.01 0.1 1 10 100

Test for overall effect: Z = 1.92 (P = 0.05)

FIGURE7 |

and safe third-line option for patients not achieving glycaemic
targets on metformin and SGLT2 inhibitors, particularly when
cost considerations preclude using GLP-1 receptor agonists [42].
The consistent glycaemic improvements across studies suggest
that this combination could be especially valuable for patients
with marked insulin resistance.

When considering pioglitazone as a third-line agent, it is im-
portant to compare its efficacy and safety with alternatives
like GLP-1 receptor agonists (GLP-1RAs) and DPP-4 inhibitors.
GLP-1RAs offer strong glycaemic control, weight loss and car-
diovascular benefits but may be limited by injection require-
ments and cost. DPP-4 inhibitors are an oral option with low
hypoglycaemia risk but provide modest HbAlc reductions [43].
The choice should depend on factors such as cardiovascular
risk, weight concerns, hypoglycaemia risk, cost and patient
preferences. Pioglitazone may benefit patients with high insulin
resistance, while GLP-1RAs may be better for those with obesity
[44]. This personalised approach aligns with patient-centred
care guidelines.

While significant, the modest weight gain observed with pi-
oglitazone addition appears less pronounced than historically
reported with pioglitazone monotherapy, suggesting a partial
counterbalancing effect of SGLT2 inhibitors [34]. This finding
may help clinicians in shared decision-making discussions with
patients, particularly when weighing the benefits of improved
glycaemic control against potential weight effects.

The neutral cardiovascular safety profile and improved HDL-C
levels suggest that this triple therapy combination may suit pa-
tients with established cardiovascular disease. However, more

Favors Pioglitazone Addon  Favors Control

Forest plot of the (A) treatment emergent adverse events and (B) adverse drug reaction. CI, confidence interval; RR, risk ratio.

extensive outcome studies would be needed to confirm cardio-
vascular benefits [45].

5 | Strength and Limitations

Our meta-analysis provides the most comprehensive evidence
supporting the efficacy of pioglitazone as a third-line agent in
patients with T2DM inadequately controlled on metformin and
SGLT?2 inhibitors. Further strengths are the exclusive inclusion
of RCTs with a low risk of bias across all domains and the con-
sistency of findings across studies, as evidenced by low heteroge-
neity for most outcomes, enhancing our conclusions' reliability.
The comprehensive assessment of efficacy and safety outcomes
provides clinicians with a complete picture for informed
decision-making. Additionally, the uniform dosing of medica-
tions across studies (pioglitazone 15mg, dapagliflozin 10mg)
and standardised metformin background therapy facilitate clear
interpretation of the results.

However, several limitations should be acknowledged. A key
limitation is the inclusion of only three RCTs, which, although
high-quality, may not capture the full spectrum of treatment
effects and could make our findings more susceptible to the
small-study impacts. All included studies were conducted in
South Korea, potentially limiting generalisability to other pop-
ulations with different genetic backgrounds, dietary habits and
healthcare systems. The relatively short follow-up duration (24-
48 weeks) precludes long-term outcomes and rare adverse events
assessment. Also, the lack of active comparator arms prevents
direct comparison with other third-line agents, such as GLP-1
receptor agonists or DPP-4 inhibitors. Finally, the absence of
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patient-reported outcomes and quality-of-life measures re-
stricts our understanding of the treatment's impact on patient
experience.

6 | Implications for Future Research

Future research should focus on longer-term cardiovascular
outcomes, optimal dosing strategies and effectiveness in di-
verse populations. Additionally, head-to-head comparisons
with other third-line agents would help further define piogli-
tazone's place in the treatment algorithm. Future studies need
to include a large number of patients to increase the power of
the findings.

7 | Conclusion

This meta-analysis provides strong evidence supporting the
addition of pioglitazone to metformin and SGLT2 inhibitor
therapy in patients with inadequately controlled T2DM. The
combination demonstrates significant glycaemic benefits with
an acceptable safety profile, though careful weight monitoring is
warranted. Based on these findings, we recommend considering
pioglitazone as a cost-effective third-line option, particularly in
patients with features of insulin resistance.
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