
1 
 

This version of the article has been accepted for publication, after peer review (when applicable) 
and is subject to Springer Nature’s AM terms of use, but is not the Version of Record and does 
not reflect post-acceptance improvements, or any corrections. The Version of Record is available 
online at: https://doi.org/10.1007/s12325-024-02848-3 

  

https://www.springernature.com/gp/open-research/policies/accepted-manuscript-terms


2 
 

The effect of thiazolidinediones in polycystic ovary syndrome: a systematic review and meta-

analysis of randomised controlled trials  

Running title: Pharmacological Interventions in PCOS 

Mohammed A. Abdalla¹, Najeeb Shah1, Harshal Deshmukh1, Amirhossein Sahebkar2,3,4, Linda Östlundh 

5, Rami H. Al-Rifai6, Stephen L. Atkin7, Thozhukat Sathyapalan1 

1 Allam Diabetes Centre, academic Diabetes, Endocrinology and Metabolism. The University of Hull, 

Hull York Medical School (HYMS), Hull, UK. 

2Biotechnology Research Center, Pharmaceutical Technology Institute, Mashhad University of Medical 

Sciences, Mashhad, Iran. 

3Applied Biomedical Research Centre, Mashhad University of Medical Sciences, Mashhad, Iran. 

4School of Medicine, The University of Western Australia, Perth, Australia.  

5College of Medicine and Health Sciences, the National Medical Library, United Arab Emirates 

University, United Arab Emirates. 

6College of Medicine and Health Sciences, Institute of Public Health, United Arab Emirates University, 

Al Ain, United Arab Emirates. 

7School of Postgraduate Studies and Research, RCSI Medical University of Bahrain, Kingdom of   

Bahrain. 

Correspondence: Dr Mohammed A Abdalla    

Dasman Diabetes Institute, Department of Translational Research, State of Kuwait.   

Email: mohammed.ahmed@dasmaninstitute.org 

PROSPERO registarion No: CRD42020178783 
 
 



3 
 

Prior Publication 
 
This work was part of Dr Mohammed A Abdalla's PhD thesis which was deposited at the University of  

Hull repository website https://hull-repository.worktribe.com.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://hull-repository.worktribe.com/


4 
 

Abstract 
 
Context: Polycystic ovary syndrome (PCOS) is a complex endocrine condition affecting women of 

reproductive age. It is characterised by insulin resistance and is a risk for type 2 diabetes mellitus 

(T2DM).  

Objective. To review the literature on the effect of pioglitazone and rosiglitazone in women with 

PCOS. 

Data sources: We searched PubMed, MEDLINE, Scopus, Embase, Cochrane Library and the Web of 

Science in April 2020 and updated in March 2023. 

Study selection. Studies were deemed eligible if they were randomised controlled trials (RCTs) 

reporting the effect of pioglitazone and rosiglitazone in PCOS. The study follows the 2020 Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).   

Data extraction. Two reviewers independently extracted data and assessed the risk of bias using the 

Cochrane risk of bias tool. 

Results.  Out of 814 initially retrieved citations, 24 randomised clinical trials (RCTs) involving 976 

participants were deemed eligible. Among women with PCOS, treatment with rosiglitazone compared 

to metformin resulted in a significant increase in the mean body weight (Mean difference (MD): 1.95 

kg; 95% CI: 0.03-3.87, p = 0.05). Metformin treatment was associated with a reduction in mean body 

mass index (BMI) compared to pioglitazone (MD: 0.85 kg/m²; 95% CI: 0.13-1.57, p = 0.02). Both 

pioglitazone compared to placebo (MD: 2.56 kg/m²; 95% CI: 1.77-3.34, p < 0.00001), and rosiglitazone 

compared to metformin (MD: 0.74 kg/m²; 95% CI: 0.07-1.41, p = 0.03) were all associated with a 

significant increase in BMI. Treatment with pioglitazone compared to placebo showed a significant 

reduction in triglycerides (MD: -0.20 mmol/L; 95% CI: -0.38 to -0.03, p = 0.02), and fasting insulin levels 

(MD: -11.47 mmol/L; 95% CI: -20.20, -2.27, p= 0.01). Rosiglitazone compared to metformin was 
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marginally significantly associated with a reduction in the luteinising hormone (LH) (MD: -0.62; 95% 

CI: -1.25-0.00, p = 0.05).    

Conclusion. Both pioglitazone and rosiglitazone were associated with significant increases in body 

weight, and BMI when compared with metformin or placebo. Pioglitazone significantly reduced 

triglycerides and fasting insulin when compared with placebo while rosiglitazone showed a modest 

reduction of LH when compared with metformin.   

Keywords: polycystic ovary syndrome, PCOS, glitazones, pioglitazone, rosiglitazone, metformin, FBG, 

FI, HOMA-IR, HOMA-B, pharmacological therapy.  

 

Key message 

 In women with Polycystic ovary syndrome (PCOS), treatment with pioglitazone and 
rosiglitazone increases body weight, and body mass index (BMI), while only pioglitazone is 
associated with increased waist circumference. 

 In women with PCOS, pioglitazone significantly reduces fasting insulin compared with placebo, 
while rosiglitazone is more effective than metformin in reducing LH levels. 

 Pioglitazone could be used as add-on therapy or as a monotherapy for insulin-resistant 
women with PCOS.  
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Introduction  

Polycystic ovary syndrome (PCOS) is an endocrine disorder affecting women of reproductive age, with 

a prevalence ranging from 5% to 20% depending on ethnicity and diagnostic criteria1,2. PCOS is 

characterized by high androgen levels, menstrual irregularities, and polycystic ovarian morphology3. 

While the exact cause of PCOS is not fully understood, insulin resistance plays a significant role in its 

development.  Elevated insulin levels in PCOS contribute to increased ovarian androgen release and 

exacerbate its clinical features4. Additionally, increased body weight, often seen in PCOS, can further 

elevate androgen and insulin levels5. 

 Insulin stimulates the release of the androgens from both the ovaries and adrenal glands leading to 

hirsutism and reduced fertility in women with PCOS 6’7. Women with PCOS also have a higher 

prevalence of impaired glucose tolerance and insulin resistance, both of which are features of type 2 

diabetes mellitus (T2DM)8. Nearly 70 % of women with PCOS will develop metabolic syndrome (MS), 

characterised by dyslipidaemia, central adiposity, hypertension, and impaired glucose tolerance, all of 

which are predisposing factors for cardiovascular disease (CVD)9,10. The primary approach to managing 

PCOS focuses on weight loss and improving insulin sensitivity11,12.  

Thiazolidinediones (TZDs) are insulin sensitisers primarily used in the management of T2DM. They 

work by activating the gamma isoform of the nuclear receptor peroxisome proliferator-activated 

receptors (PPRA-gamma)13. TZDs reduce insulin resistance in adipose tissue, muscle, and the liver by 

increasing the transcription of several insulin-sensitive genes. Pioglitazone is the main TZD currently 

used in clinical practice for the management of T2DM. However, rosiglitazone, another TZD, has been 

withdrawn from the market in many countries due to concerns over its cardiovascular safety. While 

troglitazone, another TZD, has been formally withdrawn from the market due to significant 

hepatotoxicity14,15,16. TZDs have shown beneficial effects on PCOS.  Small clinical trials comparing the 

effectiveness of TZDs as monotherapy or add-on therapy to metformin in women with PCOS have 

reported variable metabolic benefits17. Therefore, this systematic review aims to evaluate thoroughly 
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the effectiveness of pioglitazone and rosiglitazone as an add-on therapy to metformin or as 

monotherapy in the management of PCOS.       

Method  

 This systematic review was prospectively registered in the PROSPERO International Prospective 

Register of Systematic Reviews (CRD42020178783) and is reported following the Preferred Reporting 

Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 statement18.  

A statement of ethics compliance 

This article is based on previously conducted studies and does not contain any new studies with human 

participants or animals performed by any of the authors. 

 
Search and identification of the studies  

The eligibility criteria for the included studies are presented in Table 1. Only trials that included women 

of reproductive age diagnosed with PCOS were eligible. These trials employed a randomised design to 

assess the effect of pioglitazone and rosiglitazone compared to placebo or other treatments. We 

accepted all methods of randomisations, including cross-over, double-blinded, single-blinded, open-

label and parallel trials.  

A medical librarian specialising in systematic reviews (L.Ö.) developed and performed the literature 

search in collaboration with the subject experts (MA and TS).  The search covered biomedical 

databases PubMed, EMBASE, MEDLINE, Scopus, Cochrane Central Library, and Web of Science, 

performed in April 2020 with an update in PubMed in March 2021. Grey literature sources (European 

Union Drug Regulating Authorities Clinical Trials Database (EudraCT), Open Grey and ClinicalTrial.gov) 

were also included. The search strategy, initially developed in PubMed, was replicated in each 

database without any publication year or language restrictions. A combination of Medical Subject 

Headings (MeSH)/Thesaurus terms and searches in the Title and Abstract fields (alternatively "Topic" 

or "title, abstract keywords") were applied to ensure the best possible search outcome.  All records in 
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the literature search were exported to Covidence systematic review software19  for automatic 

deduplication and blinded screening. Cabell's Predatory Report20 was used to verify the quality of the 

open-access publications reported in this review. 

Study selection  

Two reviewers (M.A and N.S) initially screened titles and abstracts of all retrieved studies for their 

potential eligibility. Subsequently, the full text of those eligible studies was then retrieved for further 

detailed evaluation. Any disagreement between the reviewers was resolved by discussion, consensus, 

or mediation of a third reviewer (T.S). We only included RCTs that compared pioglitazone and 

rosiglitazone with placebo or other treatments. The detailed study selection process is presented in 

Figure 1- PRISMA flow diagram18.  

From all the eligible RCTs, two reviewers (M.A, NS) extracted information on the country of the trial, 

the year of the publication, the baseline characteristics of the included cohort, PCOS diagnostic 

criteria, trial duration and the reported outcomes. All reported outcomes were considered for 

inclusion, but the primary outcomes were anthropometric parameters, indices for insulin resistance, 

lipid profiles, C-reactive protein (CRP), and androgen hormones.  

Risk of bias assessment in the included studies 

The Cochrane Collaboration's tool for assessing the risk of bias (RoB) was used as recommended by 

Higgins et al21. Six domains, including (selection bias, performance bias, detection bias, attrition bias, 

reporting bias and other bias) were assessed by two reviewers (M.A, N.S), and a third reviewer (T.S) 

arbitrated any conflict that arises between the two reviewers. In addition, we followed the 

recommendation from the Cochrane handbook22, and any RoB was graded as either 'high RoB', 'low 

RoB', or  'unclear RoB'. The overall RoB of the included RCTs is presented in Figure 1-Supplementary 

Material.  
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GRADE scoring 

We assessed the strength of evidence for each outcome using the Grade of Recommendations, 

Assessment, Development and Evaluation (GRADE) system23. GRADEpro GDT software was used to 

summarise the findings for each outcome, which is presented in Table 1 A, B, C, and D-Supplementary 

Material. Four points were given for each outcome then we assessed factors reducing the quality of 

the evidence. For each outcome, points were reduced based on the presence of the following: the 

overall RoB for each RCT, inconsistency (significant heterogeneity), indirectness (significant 

differences in the population, comparisons, and outcomes), imprecision (the size of the cohort, width 

and significance of the confidence intervals (CIs). Accordingly, we graded the evidence in four 

categories based on the overall GRADE scores for each intervention: high-grade evidence (at least 4 

points), moderate-grade evidence (3 points), low-grade evidence (2 points) and very low-grade 

evidence (1 point). All the grades of evidence are shown in Table 1 A, B, C, D-Supplementary Material.  

Investigation for heterogeneity 

The I-squared (I²) statistic was used to evaluate the statistical heterogeneity for each outcome across 

the RCTs. We described heterogeneity as insignificant (I²= 0-40%), moderate ( I² = 30-60%), substantial  

(I²= 50-90%), or considerable heterogeneity (I²= 75-100%). Heterogeneity with p < 0.1 was statistically 

significant, if this was the case, the source of the heterogeneity was investigated by observing and 

removing the largest outlier. Where significant heterogeneity has not been resolved, subgroup 

analysis has been performed using the random-effects model.   

Subgroup analysis  

Subgroup analysis was performed at different levels where data from ≥ 2 RCTs were available. RCTs 

were grouped based on the dosages of the pioglitazone and rosiglitazone (e.g. 30 mg, 45 mg, and 4 

mg) and metformin (850 mg, 1500 mg and 2000 mg), frequencies of administration (once a day QD or 
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twice a day-BID), duration of the intervention (weeks/months) and the subtotal results were 

presented.  

Statistical analysis  

All the meta-analyses were conducted using the statistical methods outlined in the Cochrane 

Handbook for Systematic Reviews and Meta-analysis22. Data from two or more RCTs were available, 

and their pooled estimates and the 95% confidence intervals (95%CIs) were presented. For outcomes 

reported using the same scale, continuous data were pooled using (unstandardised) mean difference 

(MD) with inverse-variance (IV) and random-effects model of the analysis based on Cochrane 

recommendation 22. Where scales were different, if possible, the unit of measurement was converted 

to the most common unit. If this was not convenient, the standardised mean difference (SMD) was 

used to pool the estimated effect of the same outcomes measured using different scales. Where 

necessary, data presented as standard error (SE), confidence intervals (CIs) and p-values were 

converted into SD using the RevMan calculator. For RCTs with more than one intervention arm, the 

desired outcome was pooled by combining data of the same outcome in all arms. When an RCT used 

a cross-over design, data were used from the point of cross-over only. All the meta-analysis was 

performed using the Review Manager software (RevMan version 5.4, The Cochrane Collaboration) and 

differences with two-tailed p- p-values of ≤ 0.05 were considered statistically significant. 

Results  

Literature search 

After deduplication, a total of 3,186 unique records were identified in the literature search, of which 

2,372 were excluded after the title and abstract screening against the pre-set inclusion and exclusion 

criteria. Of the 814 records screened in full text, 24 RCTs met the eligibility criteria and were included 

in the systematic review and the meta-analysis Figure 1.  
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Characteristics of the included RCTs  

The 24 RCTs (976 participants) were published until 2020, of which 11 RCTs24-34 diagnosed PCOS based 

on the Rotterdam criteria-200335, while six RCTs36-41 diagnosed PCOS using the National Institute of 

Health (NIH/NICHD) criteria42. No diagnostic criteria were specified for the remaining seven RCTs. The 

characteristics of the included RCTs are presented in Table 2. 

Sensitivity analysis  

 Small sample-sized RCTs (< 10 patients) and those with high RoB were eliminated from the analysis 

while monitoring their impact on the results. No significant effect was found, and hence none of the 

24 RCTs was removed from the meta-analysis. No assessment of publication bias as less than 10 RCTs 

were included in each comparison.  

Effect of glitazones on anthropometric outcomes  

Body weight  

Rosiglitazone vs metformin  

In three RCTs, rosiglitazone 4 mg QD was compared with metformin. Rosiglitazone has significantly 

increased the mean body weight by 1.95 kg (95% CI: 0.03-3.87; I2 = 3 %; p = 0.05) (Figure 2-A) (very 

low-grade evidence).  

The meta-analysis did not find any effect on body weight when pioglitazone was compared with 

metformin (Figure 2-B) and rosiglitazone compared with placebo (Figure 2-C).   

Body mass index (BMI) 

Pioglitazone vs metformin  
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Two RCTs comparing pioglitazone 45 mg QD with metformin 850 mg BID showed no effect on the 

mean BMI (MD: 0.35 kg/m2; 95% CI: -1.10, 1.80). In four RCTs, pioglitazone 45 mg QD compared with 

metformin 1500 mg QD significantly increased the BMI by 1.01 kg/m2 (95% CI: 0.18-1.85). Overall, 

metformin has significantly reduced the mean BMI by 0.85 kg/m2 (MD: 0.13-1.57; I2= 0%; p = 0.02) 

compared to pioglitazone (Figure 2-D) (very low-grade evidence).  

Pioglitazone vs placebo  

In one RCT, pioglitazone 45 mg QD significantly increased the mean BMI by 3.33 kg/m2 (95% CI: 1.60-

5.06). In four RCTs pioglitazone 30 mg QD compared with placebo significantly increased the mean 

BMI by 2.35 kg/m2 (95% CI: 1.47-3.23). Overall, pioglitazone at various dosages compared with placebo 

significantly increased the mean BMI by 2.56 kg/m2 (95% CI: 1.77-3.34; I2= 0 %, p < 0.00001) (Figure 2-

E) (low-grade evidence).   

Rosiglitazone vs metformin 

Eight RCTs comparing rosiglitazone 4 mg QD with metformin showed a significant increase in the mean 

BMI by 0.74 kg/m2 (95% CI: 0.07-1.41; I2= 23 %, p = 0.03) (Figure 2-F) (moderate grade evidence).   

The meta-analysis did not establish any effect on the mean BMI when rosiglitazone was compared 

with placebo (Figure 2-G).  

Waist circumference (WC) 

Pioglitazone vs placebo 

One RCT compared pioglitazone 45 mg QD with placebo showed a significant increase in the mean WC 

by 6.60 cm (95% CI: 2.78-10.42). Two RCTs compared pioglitazone 30 mg QD with placebo showed a 

significant increase in the mean WC by 2.30 cm (95% CI: -4.0-8.60). Overall, pioglitazone at various 
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doses compared with placebo significantly increased the mean WC by 5.45 cm (95%CI: 2.18-8.71; I2= 

0 %, p = 0.001) (Figure 2-H) (very-low grade evidence).  

The meta-analysis did not find any effect on the WC when pioglitazone and rosiglitazone were 

compared with metformin (Figure 2-I and J).  

Waist-to-hip ratio (WHR) 

Rosiglitazone vs placebo  

 Three RCTs comparing rosiglitazone 4 mg QD with placebo showed a significant reduction in the mean 

WHR by 0.08 cm (95 % CI: -0.11, -0.04; I2= 0 %, p < 0.0001) (Figure 2-K) (very-low grade evidence).  

The meta-analysis did not find any significant effect on the mean WHR when pioglitazone was 

compared with metformin and placebo (Figure 2-L and M) and when rosiglitazone was compared with 

metformin (Figure 2-N).  

Effect of glitazones on C-reactive protein (CRP) and lipid profiles  

C-reactive protein (CRP) 

Rosiglitazone vs metformin  

Three RCTs comparing rosiglitazone 4 mg QD with metformin showed no effect on the mean CRP (MD: 

-0.21; 95% CI: -0.53, 0.10; I2= 0 %, p = 0.18) (Figure 3-A) (low-grade evidence).  

Triglycerides  

Pioglitazone vs placebo  

Two RCTs comparing pioglitazone 30 mg QD with placebo showed a significant reduction in the mean 

triglycerides by 0.20 mmol/L (95% CI: -0.38,-0.03; I2= 0 %, p = 0.02) (Figure 3-B) (low-grade evidence). 
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The meta-analysis did not find any effect on the triglycerides when pioglitazone and rosiglitazone were 

compared with metformin (Figure 3-C and D).  

Total cholesterol  

There was no significant effect on the mean total cholesterol when pioglitazone was compared with 

metformin and placebo (Figure 3-E and F), and when rosiglitazone was compared with metformin 

(Figure 3-G).  

Low-density lipoprotein cholesterol (LDL-C) 

Rosiglitazone vs metformin  

Four RCTs comparing rosiglitazone with metformin showed a nonsignificant reduction in the mean 

LDL-C (SMD: -0.34; 95% CI: -0.72, 0.04; I2= 50 %, p = 0.08) (Figure 3-H) (low-grade evidence).  

The meta-analysis did not find any effect on the mean LDL-C when pioglitazone was compared with 

metformin (Figure 3-I).  

High-density lipoprotein cholesterol (HDL-C) 

When both pioglitazone and rosiglitazone were compared with metformin, no effect on the mean 

HDL-C was observed (Figure 3-J and K).  

Effect of glitazones on insulin resistance  

Fasting insulin  

Pioglitazone vs placebo  

In three RCTs, pioglitazone 30 mg QD showed a significant reduction in the mean fasting insulin by 

16.76 pmol/L (95 % CI: -25.81, -7.72) compared with placebo. One RCT compared pioglitazone 45 mg 

QD with placebo and showed no significant effect on the mean fasting insulin (MD: -5.34 pmol/L; 95% 
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CI: -14.54, 3.86). Overall, pioglitazone compared with placebo significantly reduced the mean fasting 

insulin by 11.47 pmol/L (95% CI: -20.20, -2.74; I2= 35 %, p= 0.01) (Figure 4-A) (very-low grade evidence). 

The meta-analysis did not find any effect on the mean fasting insulin when pioglitazone and 

rosiglitazone were compared with metformin (Figures 4-B and C).  

Fasting blood glucose  

The meta-analysis did not find any effect on the mean fasting blood glucose when pioglitazone was 

compared with placebo and metformin (Figure 4-D and E) and when rosiglitazone was compared with 

metformin (Figure 4-F).  

Homeostatic model of insulin resistance (HOMA-IR)  

Pioglitazone vs metformin  

Two RCTs comparing pioglitazone 45 mg QD with metformin 850 mg BID showed no effect in the mean 

HOMA-IR (SMD: -0.23; 95% CI: -0.66, 0.21). Two RCTs compared pioglitazone 45 mg QD with 

metformin 1500 mg QD showed no effect in the mean HOMA-IR (SMD: -0.35; 95% CI: -0.94, 0.23). 

Overall, pioglitazone showed a nonsignificant reduction in HOMA-IR compared with metformin (SMD: 

-0.30; 95% CI: -0.61, 0.01; I2= 35 %, p = 0.06) (Figure 4-G) (very-low grade evidence).  

The meta-analysis did not find any effect on the mean HOMA-IR when pioglitazone was compared 

with placebo (Figure 4-H) and when rosiglitazone was compared with metformin (Figure 4-I).  

Effect of glitazones on androgen hormones  

Total testosterone  

Pioglitazone vs metformin  
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Three RCTs compared pioglitazone 45 mg QD with metformin 1500 mg QD. Metformin showed a 

superior effect in the mean total testosterone level (SMD: 0.35; 95% CI: 0.00-0.70; I2= 0 %, p = 0.05) 

compared to pioglitazone (Figure 5-A) (very low-grade evidence).  

The meta-analysis did not find any effect on the total testosterone, DHEAS and SHBG when 

rosiglitazone and pioglitazone were compared with metformin (Figure 5-B, C, D and E).   

Luteinising hormone (LH) 

Rosiglitazone vs metformin  

Four RCTs comparing rosiglitazone 4 mg QD with metformin showed a significant reduction in the 

mean LH (MD: -0.62; 95% CI: -1.25, 0.00; I2= 0 %, p = 0.05) (Figure 5- F) (very low-grade evidence).  

The meta-analysis did not establish any effect on the mean LH when pioglitazone was compared with 

metformin (Figure 5-G).   

The meta-analysis did not find any effect on the mean FSH, free testosterone and androstenedione 

when pioglitazone and rosiglitazone were compared with metformin (Figure 5- H, I, J and K).  

Discussion  

This review is the most comprehensive and up-to-date systematic review and meta-analysis on the 

effect of glitazones in women with PCOS with a comprehensive analysis reporting the effects of 

pioglitazone and rosiglitazone, either as an add-on or monotherapy, on anthropometric outcomes, 

insulin resistance indices, lipid profiles, CRP, and androgen hormones in women with PCOS. When 

pioglitazone and rosiglitazone were administered at various therapeutic doses and compared with 

placebo and metformin, there was a statistically significant increase in the mean body weight, BMI, 

and WC along with a significant reduction in triglycerides, LDL-C, fasting insulin, HOMA-IR, and LH. 

However, neither drug had an effect on fasting blood glucose, total cholesterol, HDL-C, CRP, SHBG, 



17 
 

DHEAS, FSH, free testosterone and androstenedione. These findings are in accord with the findings of 

previous studies. A systematic review and meta-analysis of six randomised controlled trials showed 

pioglitazone was more effective in reducing fasting insulin, and HOMA-IR (P = 0.02 and  P = 0.014, 

respectively) and significantly increased the mean BMI compared to metformin mainly due to 

increased fluid retention and fat mass43. In another systematic review and meta-analysis of eleven 

RCTs comparing pioglitazone and metformin, pioglitazone significantly increased the mean BMI 

compared to metformin (P = 0.006)44. In this systematic review, we found that rosiglitazone 

significantly reduced the mean LH when compared with metformin. These results will add to the 

existing evidence on the effect of ZTDs. A similar effect was also reported in a network meta-analysis 

of 28 RCTs that compared the effect of rosiglitazone and pioglitazone on the hormonal parameters in 

PCOS, which showed a significant effect of rosiglitazone in reducing the mean LH compared to 

metformin45. A recent network meta-analysis compared the efficacy of TZDs and metformin 

concerning endocrine and metabolic profiles in women with PCOS. The results suggested a superior 

efficacy for the TZDs as an add-on therapy to metformin than as monotherapy in ameliorating insulin 

resistance, lipid profile and testosterone levels46. Another network meta-analysis of 14 RCTs assessing 

the efficacy of TZDs in overweight women with PCOS reported that TZDs as an add-on therapy to 

metformin had superior efficacy in improving hyperandrogenaemia compared to monotherapy 47. 

However, this systematic review and meta-analysis showed a superior effect of metformin on mean 

total testosterone compared to pioglitazone. There are several contraindications for using TZDs, 

including heart failure due to its fluid retention effect47. Also due to it is teratogenic potential, TZDs 

would not be the right choice for women with PCOS who are pregnant or actively seeking pregnancy48. 

Thus, in such cases, women should be switched to other insulin sensitisers.     

 This study employed a comprehensive and systematic approach to searching for relevant databases 

and grey literature sources, focusing exclusively on RCTs. Several steps were taken to minimise the 

risk of bias including excluding observational studies and non-randomised clinical trials. This 

systematic review outlines the up-to-date evidence supporting the effectiveness of glitazones used in 
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the management of PCOS; however, most of the RCTs were small, and the statistical power used to 

calculate sample size was not fully reported. Moreover, all the trials were of short duration leaving 

the long-term effects of TZDs in women with PCOS unclear.  

This systematic review acknowledges the poor quality of the included trials, as reflected in the 

summary of evidence of the GRADE score. The trials exhibited a high level of heterogeneity and 

performance bias. The findings indicate a lack of robust clinical trials assessing the efficacy of TZDs in 

managing PCOS. Moreover, trials examining the clinical effectiveness of pioglitazone and rosiglitazone 

were of low or very low quality. Therefore, the available data are insufficient to draw definite 

conclusions or propose recommendations for clinical practice. Additionally, the small sample sizes of 

these trials undermined the statistical power to calculate significant effects on the outcomes. Further 

clinical trials with robust designs are needed to make better-informed decisions and 

recommendations and to establish guidelines for the effectiveness of pioglitazone and rosiglitazone 

in women with PCOS. 

Conclusion  

Pioglitazone demonstrated effectiveness in reducing fasting insulin levels, while rosiglitazone showed 

efficacy in reducing luteinising hormone (LH) levels compared to metformin. However, both 

pioglitazone and rosiglitazone were associated with significant increases in mean body weight, body 

mass index (BMI), and waist circumference (WC). There was no significant effect observed in the mean 

levels of follicle-stimulating hormone (FSH), C-reactive protein (CRP), dehydroepiandrosterone sulfate 

(DHEAS), total cholesterol, and androstenedione. Therefore, thiazolidinediones (TZDs) could be 

considered for use either as monotherapy or as an add-on to metformin in women with PCOS who are 

insulin-resistant. 
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Table 1 

The inclusion/exclusion criteria for the included studies in this systematic review 

Inclusion Criteria  
        Study design: randomised controlled trials including (randomised open-label trials, double- 
        blind controlled trials, cross-over randomised trials, parallel randomised trials).        
        Population: adult females aged 18 and over with a diagnosis of PCOS based on 
       a robust diagnostic criterion.  
       Comparator: studies reported pioglitazone and rosiglitazone compared to placebo or other 
       Treatment.     
       Outcomes: reported outcomes such as BMI, body weight, waist circumference and waist, 
       Waist hip ratio, CRP, LDL-C, HDL-C, TC, TGs, TT, FT, FAI, A4, 17-OHP, LH, FSH, FBG, FI, HMOA-IR 
       SHBG and DHEAS.  

Exclusion criteria 
       Study design: case studies, cross-sectional studies, and animal studies.   
       Patients’ population: paediatric and adolescents females, postmenopausal women, and  
       women without PCOS.  
       Comparators: non-glitazones interventions, pharmacological interventions versus  
        dietary interventions, pharmacological interventions versus physical activities or surgery 
PCOS: polycystic ovary syndrome, BMI: body mass index, CRP: c-reactive protein, LDL-C: low-density lipoprotein cholesterol, 
HDL-C: high-density lipoprotein cholesterol, TC: total cholesterol, TGs: triglycerides, TT: total testosterone, FT: free testosterone 
FAI: free androgen index, A4: androstenedione, LH: luteinising hormone, FSH: follicular Stimulating hormone, FBG: fasting blood glucose, 
FI: fasting insulin, HOMA-IR: the homeostatic model of insulin resistance, SHBG: sex hormone-binding globulin, DHEAS: 
dehdroepianderostendione sulphate. 
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   Table 2: Characteristics of the studies included in the systematic review and meta-analysis.  

Author Year of 
publication 

Country of 
the trial  

PCOS 
diagnostic 

criteria 

Duration of the 
trial (month)  

Measured outcome(s) 

 
Naka et al.49 

 
2011a 

 
Greece 

 
N/A 

 
6 

 
Bodyweight, BMI, WC and WHR, FI 

Ortega Gonzlez et al.50 2005 Mexico N/A 6 Bodyweight, BMI,WHR 
Shahebrahimi et al.24 2016 Iran Rotterdam 3 Bodyweight ,BMI,WC, FBG, LDL,HDL,TG 
Sohrevardi et al.25  2016 Iran Rotterdam 3 BMI,WHR, HOMA-IR, FBG, FI 
Batista et al.51  2012 Brazil AES-2006 3 FBG.FI,HOMA-IR 
Cataldo et al.37  2006 USA NICHD 3 BMI, WHR 
Lam et al.28 2011 China Rotterdam 12 BMI, FI,FBG,TC, TG 
Cetinkalp et al.26  2009 Turkey Rotterdam 4 TG,HDL,LDL, BMI, HOMA-IR, TC, 
Kilicdag et al.27  2005 Turkey Rotterdam 3 BMI, FI,FBG,TC, TG,  HOMA-IR 
Li et al.52  2020 China Rotterdam 6 WC,BMI, FI,FBG,TC, TG, WHR, LDL,HDL 
Cho et al.29  2009 UK Rotterdam 12  BMI, HOMA-IR 
Ziaee et al.31   2012 Iran Rotterdam 3 BMI,HOMA-IR,HDL,LDL,TG,TC 
Aroda et al.36 2009 USA NIH 6 Bodyweight, BMI, WHR, WC, FBG,FI 
Brettenthaler et al.32  2004 Switzerland Rotterdam 3 BMI,WHR,FBG, FI, HOMA-IR 
Glintborg et al.53  2005 Denmark N/A 4 BMI,WHR, WC, FI 
Glintborg et al.54 2006 USA N/A 4 BMI, CRP, LDL 
Glintborg et al.55 2008 USA N/A 4 FI, HOMA-IR 
Dereli et al.56  2005 Turkey NICHD 8 BMI, WHR 
Rautio et al.57 2006 Finland N/A 4 BMI, WHR 
Mohiyiddeen et al.33  2013 UK Rotterdam 3 WC,BMI, FI,FBG,TC, TG, WHR, LDL,HDL 
Steiner et al.40  2007 Germany NIH 6 BMI,HOMA-IR, FBG,FI 
Yilmaz et al.34  2005 Turkey Rotterdam 24  FBG, FI,BMI, WHR 
Jensterle et al.38  2008a Slovenia NIH 6 FBG, FI,BMI, HOMA-IR 
Jensterle et al.39 2008b Slovenia NIH 6 LDL,HDL,HOMA-IR,WC,BMI, FI,FBG,TC 

NIH: national institute for health, NICHD: national institute of child health and development. USA: the United States of America, UK: United 
Kingdom, PCOS: polycystic ovary syndrome, BMI: body mass index, WC: waist circumference, FI: fasting insulin; FBG: fasting blood glucose  
LDL: low density-lipoprotein; HDL: high density-lipoprotein; TG: triglycerides, HOMA-IR: a homeostatic model of insulin resistance, TC: Total  
Cholesterol, WHR: waist-to-hip ratio, CRP: c-reactive protein.       
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Figure 1: PRISMA flow diagram 

Figure 2: Forest plot of comparisons on anthropometric indices 
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Figure 3: Forest plot of comparisons on C-reactive protein (CRP) and lipid profiles 
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Figure 4: Forest plot of comparisons on insulin resistance 
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Figure 5: Forest plot of comparisons on androgen hormones 
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