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Abstract 
Background: Polycystic ovary syndrome (PCOS) is an endocrine condition associated with sub-fertility, infertility and poor reproductive outcomes. 
Objectives: To review the effectiveness of different pharmacological interventions on fertility outcomes in women with PCOS.
Search Strategy: We searched PubMed, MEDLINE, Scopus, Embase, Cochrane Library, Web of Science in April 2020 and updated the search in PubMed March 2021. 
Selection Criteria: Two independent reviewers selected studies and only randomised controlled trials (RCTs) were included. 
Data Collection and Analysis: Thirty-four RCTs that met the eligibility criteria were used to calculate odds ratios (OR) and the 95% confidence interval (95% CI) using random effect model.    
[bookmark: _Hlk76834437]Main Results: There was a significant increase in pregnancy rate with follicular stimulating hormone (FSH) vs clomiphene citrate (CC)+ metformin (Odd Ratio(OR):4.08; 95%CI:1.12-14.83,I²=79%), Letrozole vs CC (OR: 1.58; 95%CI: 1.34-1.86, I²= 0%), metformin vs placebo(OR: 3.00; 95%CI: 1.95-4.59, I²= 0%) and with CC+ metformin vs CC  (OR: 1.48; 95%CI: 1.02-2.16, I²= 39%). There were significant increases in ovulation rate with CC+ metformin vs FSH  (OR: 0.09; 95%CI: 0.02-0.37, I² = 75%), CC+ metformin vs CC (OR: 2.04; 95%CI: 1.35-3.08, I² = 63%) and with Letrozole vs CC (OR: 1.60; 95%CI: 1.02-2.52, I²= 88%). A significant increase in live birth with Letrozole vs CC (OR: 1.63; 95%CI: 1.21-2.21, I² = 0%) was observed. 
Conclusions: CC, letrozole alone or either added to metformin were associated with a significant increase in the pregnancy rate, ovulation rate, and live birth rate in women with PCOS.
Funding:  No fund for the review.
Introduction 
Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine condition that affects around 20 % of women of reproductive age and accounts for up to 80% of anovulatory infertility1, 2. One of the diagnostic criteria for PCOS is the Rotterdam criteria which require the presence of at least two out of the following: anovulation (irregular period), biochemical and clinical evidence of hyperandrogenaemia, and polycystic ovarian morphology on pelvis ultrasound3. The clinical features are heterogeneous and include infertility, pregnancy-related complications, obesity, insulin resistance, type 2 diabetes mellitus (T2DM) and increased risk of cardiovascular disease (CVD)4. In PCOS, several factors influence ovarian function, including insulin resistance. Hyperinsulinemia contributes to excess ovarian androgen production, which correlates positively with insulin levels5. Insulin promotes steroidogenesis in steroidogenic tissues such as the ovaries and the adrenal glands6. Androgen actions are mediated by its receptors, which are expressed in the ovarian granulosa cells. Theca cells excessively produce ovarian androgen, which is converted to estrogen via the action of the follicular stimulating hormone (FSH)augmented aromatase enzyme5. An increase in estrogen secretion inhibits the FSH through negative feedback to the pituitary gland; this leads to follicular atresia, thereby increasing the secretion and the responsiveness to the luteinising hormone (LH)7. 
Fertility treatment in PCOS includes oral agents such as clomiphene citrate (CC; antioestrogen), letrozole (aromatase inhibitors) and parental therapy such as gonadotropin treatment. However, as insulin resistance is one of the leading causes of infertility in PCOS, it is plausible to add an insulin sensitiser like metformin8. Clomiphene citrate is a selective estrogen receptor modulator that blocks the estrogen receptor and increases the release of the gonadotropin-releasing hormone (GnRH), subsequently increases the level of FSH and LH, thereby stimulating the follicular maturation and inducing ovulation in up to 90% of patients 9. As the aromatase enzyme is responsible for the androgen to estrogen conversion, letrozole, a selective aromatase inhibitor, suppresses the ovarian estradiol secretion with subsequent increase in FSH and increase in ovulatory rate10. Gonadotropin injection therapy is considered a second-line infertility treatment for women who fail to respond to oral therapy. It is associated with a higher rate of ovarian hyperstimulation syndrome (OHSS) and multiple pregnancies. Exogenous gonadotropin FSH and the human menopausal gonadotropin stimulate follicular proliferation and growth11. Metformin increases the peripheral glucose uptake and enhances insulin sensitivity. It also acts directly in the ovary and reduces androgen production by theca cells12. However, the exact role of metformin in the management of infertility in PCOS is still controversial.
Several randomised controlled trials (RCTs) have examined different therapeutic and provided mixed results. Thus, the current study aimed to systematically search and review the literature and perform a meta-analysis for the effectiveness of the pharmacological interventions on the fertility outcomes in women with PCOS.                       
Methods 
The review was prospectively registered on PROSPERO (CRD42020178783) and is reported following the 2020 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement13.
Search strategy
A systematic literature search was conducted in the electronic databases PubMed, EMBASE, MEDLINE, Scopus and Web of Science and in selected registers for clinical trials (Open Grey, ClinicalTrials.gov and EU Clinical Trials Register) (LÖ). The search were performed from the databases inception until April 2021. An update of the result in PubMed was conducted in March 2021. A filter for the English language was applied, and only RCTs published in English were retrieved. We used Medical Subject Headings (MeSH) in combination with search terms located in the title and abstract fields (alternatively keyword fields) to search in the databases. The complete search strategy, including search terms, results, notes, and technical specifications, is shown in the search strategy section in the supplementary material (Table S2). Author was contacted whenever more information were needed.   
All records identified in the database search were exported to the systematic review software Covidence Veritas Health Innovation, Melbourne, Australia, available at www.covidence.org for  automatic de-duplication and blinded screening and selection.
Study selection and data extraction 
Two independent reviewers (M.A & N.S) screened titles and abstracts of the retrieved citations, and their eligibility was assessed based on the inclusion/ exclusion criteria. Any disagreements between reviewers were resolved by consensus, discussion, or mediation of a third reviewer (T.S). The inclusion criteria are as the following: studies designed as RCTs and were randomised as open-label, double-blind, cross-over or parallel trials; participants were adult females aged 18 years and over and diagnosed with PCOS based on the Rotterdam diagnostic criteria or other robust criteria; RCTs compared pharmacological interventions with placebo or other agents. The exclusion criteria were as the following: case studies and animal studies; studies included paediatrics, adolescents, postmenopausal women and women without PCOS; invitro-fertilisation (IVF) and intracytoplasmic sperm injection (ICSI); non-pharmacological interventions including diet and physical activities. Two researchers (M. A & N.S) extracted data from the studies that were classified as eligible. The extracted information was covered the following: first author, year of publication, the designs of the study, country of the study, participants characteristics, number of women in the intervention and control groups, type of interventions and durations. Out of all the reported outcomes, we only analysed ovulation rates, pregnancy rates and live birth rates. 
In line with the Cochrane recommendations14, we used the risk of bias (RoB) tool to assess the RoB in the included RCTs. Seven potential biases were evaluated, including random sequence generation, allocation concealment, blinding of both participants, blinding the outcome assessor, incomplete outcome data, selective reporting, and other biases. Each RCT was examined based on these areas and given the category of either "high RoB", "low RoB", or "an unclear RoB".        
   
Statistical analysis 
Data were combined using odd ratios (ORs) with 95% confidence intervals (95%CIs) to pool the estimated effects. Due to the RCTs' clinical heterogeneity (different dosages, duration and timing), we used a random-effect model with Mantel-Haenszel (M-H) for the meta-analysis. Heterogeneity across RCTs was evaluated using the I-squared (I²) statistic.  I² = 0-40 %  was (significant), I² = 30-60% (moderate), I² = 50-90% ( substantial) and  I² = 75-100 % was (considerable) heterogeneity14. High heterogeneity was explored using sensitivity analysis. The meta-analysis was performed using the Review Manager software (RevMan 5.4, The Cochrane collaboration). 
The strength of evidence for each desirable outcome was assessed using the Grading of Recommendations, Assessments, Development and Evaluation (GRADE) system15. We used GRADEpro GDT software to produce a summary of findings for each outcome that showed the quality of the evidence as either high-grade, moderate-grade, low-grade or very low-grade evidence. In addition, the funnel plot of RevMan software to visually assess for any significant asymmetry.
Results 
Search results 
Initially, 6,402 records were found in the searched databases; 3,186 were then screened after duplicates were removed. 814 articles were retrieved for full-text screening, of which 780 articles were excluded due to reasons presented in the PRISMA flow diagram, Figure 1. Finally, a total of 34 RCTs met the eligibility criteria and included in the meta-analysis.
Baseline characteristics of the included RCTs 
Twenty RCTs16-35 were diagnosed PCOS based on the Rotterdam diagnostic criteria. One RCT36 used WHO type 2 criteria. One RCT37 used the National Institute of Child Health (NICHD) criteria. No diagnostic criteria were specified for the remaining RCTs. 12 RCTs16, 18-20, 22, 25, 27, 33, 35, 38-41 evaluated letrozole vs clomiphene citrate. 13 RCTs17, 21, 23, 24, 29, 30, 34, 36, 42-46 evaluated metformin vs clomiphene citrate. Three RCTs28, 32, 37 examined metformin vs acarbose. Three RCTs31, 47, 48 compared metformin vs placebo. Six RCTs18, 29, 34, 40, 44, 46 reported live birth outcome. Twenty-four RCTs 16-18, 20-27, 31, 33-36, 38-42, 44-49 reported pregnancy rate. Twenty-five RCTs 16, 18, 19, 21-26, 28-37, 39, 40, 42-48 reported ovulation rate. 
RoB and quality assessment    
Most RCTs exhibited at least three or more unclear RoB across the assessed domains with allocation concealment, blinding participants and incomplete outcomes were inadequately reported.  The overall risk of bias for each included RCT item is presented in Figures S1 and S2 in the supplementary materials. The quality of the evidence for the outcomes was assessed using GRADEpro and is shown in Table S1 in the supplementary materials.  
Outcomes 
Pregnancy rate 
[bookmark: _Hlk76833638]FSH vs CC+ metformin 
In one RCT 17, CC 100 mg QD added to metformin 1500 mg QD compared with FSH 75 IU significantly increased the pregnancy rate (OR: 2.20; 95% CI: 1.10-4.42). One RCT23, CC 150 mg QD added to metformin 1500 mg QD compared with FSH 75 IU significantly increased the pregnancy rate (OR: 8.23; 95% CI: 3.17-21.37). Overall, CC at various dosages added to metformin significantly increased pregnancy rate compared with FSH (OR: 4.08; 95% CI: 1.12-14.83, 263 participants, I²=79%, p = 0.03, very low-grade evidence) (Figure 2-A). 
[bookmark: _Hlk76833767]Letrozole vs CC
In seven RCTs20, 25-27, 35, 38, 39, letrozole 5 mg QD compared with CC 100 mg QD significantly increased the pregnancy rate (OR: 1.60; 95% CI: 1.24-2.06). One RCT22 compared letrozole 2.5 mg QD with CC 100 mg QD showed no effect on the pregnancy rate (OR: 1.26; 95%CI: 0.45-3.52). One RCT16, letrozole 2.5 mg QD compared with CC 150 mg QD showed no effect on the pregnancy rate (OR: 1.02; 95%CI: 0.64-1.62). Two RCTs18, 40 compared letrozole 2.5 mg QD with CC 50 mg QD significantly increased the pregnancy rate (OR: 1.74; 95%CI: 1.30-2.33). One RCT41 compared letrozole 5 mg QD with CC 50 mg QD significantly increased the rate of pregnancy (OR: 2.13; 95%CI: 1.20-3.79). Overall, regardless the administered dosage, letrozole significantly increased the pregnancy rate compared with CC (OR: 1.58; 95%CI: 1.34-1.86, I²= 0%, p < 0.00001, low grade evidence) (Figure 2-B). 
[bookmark: _Hlk76833916]Metformin vs placebo  
In two RCTs31, 49, metformin 1500 mg QD for three months  significantly increased the pregnancy rate (OR: 2.76; 95%CI: 1.78-4.30). One RCT48 metformin 850 mg BID for six months did not affect the pregnancy rate (OR: 6.0;95%CI: 0.52-68.72). In one RCT47 metformin, 1500 mg QD for seven weeks significantly increased pregnancy rate (OR: 15.60;95%CI: 1.48-164.38). Overall, regardless of the administered dosage or the duration, metformin significantly increased the rate of pregnancy (OR: 3.00; 95%CI: 1.95-4.59, I²= 0%, p < 0.00001, very low-grade evidence) (Figure 2-C). 
CC+ metformin vs CC   
[bookmark: _Hlk76834058]Ten RCTs 21, 24, 29, 34, 36, 42-46 compared CC 50 mg TDS added to metformin with CC 50 mg TDS alone showed a significant increase in the pregnancy rate (OR: 1.48; 95%CI: 1.02-2.16, I²= 39%, p = 0.04, low grade evidence) (Figure 2-D).  
Letrozole vs CC+ metformin
In two RCTs16, 33, letrozole 2.5 mg QD compared with CC added to metformin had no effect on the pregnancy rate (OR: 2.23; 95%CI: 0.45-10.97, I²= 92%, p = 0.32,low grade evidence) (Figure 2-E). 

Ovulation rate 
[bookmark: _Hlk76834134]CC+ metformin vs FSH 
[bookmark: _Hlk76834164]In one RCT17 CC 100 mg QD added to metformin 1500 mg QD significantly increased the ovulation rate compared with FSH 75 IU (OR: 0.19; 95%CI: 0.07-0.46). One RCT23CC 150 mg QD added to metformin 1500 mg QD significantly increased the ovulation rate compared with FSH 75 IU (OR: 0.05; 95%CI: 0.02-0.13). Overall, CC added to metformin significantly increased the ovulation rate compared with FSH (OR: 0.09; 95%CI: 0.02-0.37, I² = 75%, p = 0.0007, very low-grade evidence) (Figure 3-A). 
[bookmark: _Hlk76834207]CC+ metformin vs CC
In ten RCTs 9, 12, 17, 22, 24, 30-3  compared CC 150 mg QD with metformin added to CC 50 mg TDs showed a significant increase in the ovulation rate (OR: 2.04; 95%CI: 1.35-3.08, I² = 63%, p = 0.0007, low grade evidence) (Figure 3-B). 
[bookmark: _Hlk76834290]Letrozole vs CC 
In five RCTs 25, 26, 30, 35, 39 letrozole 5 mg QD significantly increased the rate of ovulation compared with CC 100 mg QD (OR: 1.83; 95%CI: 0.93-3.58). In two RCTs19, 22 compared letrozole 2.5 mg QD with CC 100 mg showed no effect on the ovulation rate (OR: 1.61; 95%CI: 0.26-10.0). In one RCT16, letrozole 2.5 mg QD did not affect the ovulation rate compared with CC 150 mg QD (OR: 0.80; 95%CI: 0.57-1.14). In two RCTs18, 40, letrozole 2.5 mg QD significantly increased ovulation rate compared with CC 50 mg QD (OR: 1.96; 95%CI: 1.15-3.34). Overall, there was a significant increase in the ovulation rate when letrozole at various doses was compared with CC (OR: 1.60; 95%CI: 1.02-2.52, I²= 88%, p = 0.04, low grade evidence) (Figure 3-C). 
The meta-analysis did not observe any effect on the ovulation rate when letrozole was compared with CC added to metformin (Figure 3-D) and when metformin was compared with placebo and acarbose (Figure 3-E, F). 
Live birth   
Letrozole vs CC
[bookmark: _Hlk76834414]In two RCTs18, 40 compared letrozole 2.5 mg QD with CC 50 mg QD showed a significant increase live birth rate (OR: 1.63; 95%CI: 1.21-2.21, I² = 0%, p = 0.001,low grade evidence) (Figure 4-A). 
CC+ metformin vs CC
In four RCTs29, 34, 44, 46 CC 50 mg TDS added to metformin showed no effect on the live birth rate compared with CC 50 mg TDS alone (OR: 1.30; 95%CI: 0.88-1.90, I² = 0%, p = 0.19,low grade evidence) (Figure 4-B). 
Sensitivity analysis and publication bias
We performed subgroup analysis to reduce heterogeneity, and the sensitivity analysis did not significantly affect the outcomes. The funnel plot did reveal significant asymmetry (Figure 5-A, B), which indicates bias. Thus, the meta-analysis might have exaggerated the significant effect of letrozole as some RCTs with significant effects favouring CC were not reported. The Egger’s test was statistically significant for publication bias (regression intercept = 0.456, SE = 0.084, p = 0.001).    
Discussion  
Main findings 
This systematic review found that treatment with CC, letrozole and FSH, alone or in combination with metformin, were associated with a significant increase in the pregnancy, ovulation and live birth rates. The results suggested that the administration of FSH was associated with a higher pregnancy rate. This was also evident in the study of 22 patients with PCOS who were given three different dosages of FSH (75, 100 and 150 IU), indicating an increased rate of pregnancy50. Similarly, a systematic review and meta-analysis of 57 RCTs showed that both letrozole and the combination of clomiphene and metformin have significantly increase pregnancy rate and ovulation rate51. However, a non-randomised controlled trial that compared the efficacy of metformin and CC on the ovulation induction found no significant difference in ovulation and pregnancy rates52. When letrozole was compared with CC, there was a high pregnancy, ovulation, and live birth rates. In a meta-analysis of RCTs that compared the efficacy of letrozole with CC, letrozole was associated with a high rate of live birth, pregnancy and ovulation compared with CC53. However, the RCTs included in our review enrolled PCOS patients based on different diagnostic criteria, suggesting a degree of particular bias between the individual studies. The pooled analysis showed favourable results for letrozole in pregnancy, ovulation and live birth rate.
Nonetheless, the current evidence was insufficient and of low grade to support either CC or letrozole's superiority with respect to ovulation induction and pregnancy rate. The findings support the effectiveness and favourable potential for both of these agents in ovulation induction in PCOS. Furthermore, the meta-analysis favoured letrozole to increase the pregnancy rate; this agrees with a previous review that reported similar results54. Overall, the results of this systematic review and meta-analysis are in line with those of previous  comprehensive reviews on the efficacy of letrozole and CC for ovulation induction in women with PCOS54, 55.          
Strength and Limitations 
Limitations to this review include that, most of these RCTs were conducted in Asia and the Middle East that may not be applicable to other ethnic populations. Secondly, the quality of the included RCTs was generally low. The poor reporting of information regarding methods such as allocation concealment and blinding of participants led to the majority of the RCTs being graded as having an unclear risk of bias. There was also a significantly high level of heterogeneity among the included RCTs, which was due to the nature of the clinical trials; however, an attempt was made to address this issue by conducting a subgroup analysis, sensitivity analysis, using random effect model, and it was also addressed when we assessed the quality of evidence for the outcomes.     
Finally, there was a relatively small number of trials assessing the efficacy of different therapeutic agents vs placebo. This precluded direct estimation of the effect size that could be attributed to each treatment modality with respect to improvement of different outcomes.  
Interpretation 
The results of this review have suggested that letrozole could be an effective alternative for fertility treatment, particularly in CC-resistant women.  Moreover, metformin enhances the efficacy of medications used to improve fertility in women with PCOS. However, caution must be taken when interpreting these results until evidence will be available from further high-quality RCTs.
Conclusion 
In conclusion, despite the significant limitations, this review has found that letrozole appeared to be more effective in inducing ovulation when compared with CC. A similar efficacy was also evident in increasing the rate of pregnancy and live birth. However, when metformin was added to CC, it showed a significant increase in the rate of both ovulation and pregnancy.  
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Table 1: Characteristics of the RCTs included in the systematic review and meta-analysis
	Author
	
Country
	
PCOS diagnostic criteria
	
PCOS patients age(Mean±SD)
	
Patients, n (PCOS)
	
Patients, n (control)
	
Interventions
	
Duration
	
outcomes

	AbuHashim et al  16
	Egypt
	Rotterdam
	28.3 ±2.7
	123
	127
	Letrozole, metformin, CC
	Three cycles
	Pregnancy rate ovulation rate

	AbuHashim et al 17
	Egypt
	Rotterdam
	27.5+2.4
	75
	78
	Metformin, CC, FSH
	Three cycles
	Ovulation rate

	Amer et al 18
	UK
	Rotterdam
	28.3 ±4.4
	80
	79
	Letrozole, CC
	Six cycles
	Pregnancy rate, Live birth

	Ayaz et al 42
	KSA
	-
	32 ± 3.5
	21
	21
	Metformin+ CC, CC
	Three cycles
	Ovulation rate

	BanerjeeRay et al 19
	India
	Rotterdam
	29
	78
	69
	CC, letrozole
	Seven cycles
	Ovulation rate

	Baruah et al 20
	India
	Rotterdam
	29.7 ± 0.5
	25
	25
	Letrozole, CC
	56- 58 cycles
	Pregnancy rate

	Basirat et al 21
	Iran
	Rotterdam
	25.26±4.32
	167
	167
	CC, Metformin + CC
	Three cycles
	Ovulation rate

	Bayar et al 22
	Turkey
	Rotterdam
	-
	38
	36
	Letrozole, CC
	95 - 99 cycles
	Pregnancy rate

	Begum et al 23
	Bangladesh
	Rotterdam
	26.96 ± 4.05
	55
	55
	Metformin, CC, rFSH
	Four weeks
	Pregnancy rate

	Behnoud et al 38
	Iran
	-
	29.92 ± 6.97
	40
	40
	Letrozole, CC
	Three months
	Pregnancy rate

	Chen et al 201635
	China
	Rotterdam
	26.4±4.2
	52
	52
	Letrozole, CC
	Four to six cycles
	Pregnancy rate, Ovulation rate

	Dasari et al 24
	India
	Rotterdam
	-
	24
	16
	CC, CC+ metformin
	Six cycles
	Pregnancy rate, Ovulation rate

	Dehbashi et al 39
	Iran
	-
	23.62±2.92
	50
	50
	Letrozole, CC
	-
	Pregnancy rate, Ovulation rate

	El-khayat et al 25
	Egypt
	Rotterdam
	26.58 ± 2.93
	50
	50
	Letrozole, CC
	-
	Pregnancy rate

	Ganesh et al 26
	India
	Rotterdam
	30.25±4.90
	372
	669
	Letrozole, CC-rFSH, rFSH
	-
	Pregnancy rate, Ovulation rate

	Ghahiri et al 27
	Iran
	Rotterdam
	25.63 ± 4.41
	101
	-
	Letrozole, CC
	-
	Pregnancy rate

	Hanjalic Beck et al28
	Germany
	Rotterdam
	-
	62
	-
	Metformin, acarbose
	12 weeks
	Ovulation rate

	Kar et al 29
	India
	Rotterdam
	25.8±2.46
	32
	24
	CC, metformin, CC+ metformin
	Six months
	Ovulation rate, live birth 

	Katica et al 43
	Bosnia and Herzegovina
	-
	32.8 ± 3.04
	10
	10
	CC, metformin, metformin+ CC
	-
	Ovulation rate

	Legro et al 44
	USA
	-
	27.9±4.0
	55
	72
	CC, metformin, CC + metformin
	Six months
	Pregnancy rate, live birth 

	Legro et al40
	USA
	-
	28.8±4.0
	376
	374
	CC, letrozole
	-
	Ovulation rate, Live birth

	Liu et al 30
	China
	Rotterdam
	27.69 ± 3.80
	158
	-
	Letrozole, placebo 
	12 weeks
	Ovulation rate

	Lord et al 31
	UK
	Rotterdam
	27.69 ± 3.80
	16
	-
	Metformin, placebo
	12 weeks
	Pregnancy rate

	Malkawi et al 45
	Jordan
	-
	29 ± 3.1
	16
	12
	Metformin/CC, placebo/CC
	-
	Ovulation rate

	Moll et al 36
	The Netherlands
	[bookmark: _Hlk76329903]WHO type 2 criteria
	-
	111
	114
	Metformin, placebo, CC
	-
	Ovulation rate

	Morin papunen et al  49
	Finland
	-
	28.2 ±1.4
	17
	-
	Metformin,placebo
	Three months
	Pregnancy rate

	Najafi et al 41
	Iran
	-
	26.2±3.6
	110
	110
	Letrozole, CC
	-
	Pregnancy rate

	Rezai et al 32
	Iran
	Rotterdam
	-
	30
	30
	Acarbose, metformin
	Three months
	Pregnancy rate, Ovulation rate

	Rezk et al 33
	Egypt
	Rotterdam
	24.6 ± 2.1
	100
	102
	CC, Letrozole
	Three-six cycles
	Ovulation rate

	Sahin et al 46
	Turkey
	-
	27
	11
	10
	Metformin +CC, CC
	Six cycles
	Ovulation rate, Live birth

	Sonmez et al 37
	Turkey
	NICHD
	26.13±5.08
	30
	-
	Metformin, acarbose
	Three months
	Ovulation rate

	Vandermolen et al 47
	USA
	-
	29 6 ±1.2
	11
	14
	Metformin, placebo
	Seven weeks
	Pregnancy rate

	Yarali et al 48
	Turkey
	-
	29.7±5.6
	16
	16
	Metformin, placebo
	Six weeks
	Pregnancy rate

	Zain et al 34
	Australia
	Rotterdam
	27.8 ±3.6
	115
	-
	Metformin, CC, metformin + CC
	Six months
	Ovulation rate, Live birth


PCOS: polycystic ovary syndrome, NIH: national institute of health, CC: clomiphene citrate, NICHD:  national institute of child health, USA: united states of America, UK: United Kingdom, KSA: kingdom of Saudi Arabia, SD: standard deviation, WHO: world health organisation.
Figure 2: Forest plot of the effect of comparisons on pregnancy rate 
	A) FSH vs CC+ metformin 
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B) Letrozole vs CC
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	C) Metformin vs placebo 
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D) CC+ metformin vs CC
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	E) Letrozole vs CC+ metformin 
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Figure 3: Forest plot of the effect of comparisons on ovulation rate 
	A) CC+ metformin vs FSH 
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B) CC+ metformin vs CC
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	C) Letrozole vs CC
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D) Letrozole vs CC+ metformin 
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	E) Metformin vs placebo 
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F) Acarbose vs metformin 
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Figure 4: Forest plot of the effect of comparisons on live birth 
	A) Letrozole vs CC 
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B) CC+ metformin vs CC
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Figure 5: Funnel plot of comparisons of pregnancy and ovulation rate
	A) Letrozole vs CC
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B) Metformin +CC vs CC
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CC: clomiphene citrate, SE: standard error, OR: odds ratio









image1.png
FSH  CC+Metformi 0dds Ratio 0dds Ratio
Study or Subgroup _Events Total Events _Total Weight M.H, Random, 95% CI MoH, Random, 95¢% CI
42.2.1 CC 100 mg QD + Metformin 1500 mg QD vs FSH75 1U
AbuHashim 2011 32 78 18 75 532%  220(110,442] ——
‘Subtotal (95% CI) 78 75 53.2% 220[1.10,4.42] -
Total events a2 18
Hetetogeneity: Not applicable
Test foroverall efect Z= 2.22 (P= 0.03)
42.2.2 CC 150 mg QD + Metformin 1500 mg QD vs FSH 751U
Begum 2013 55 T 55 amE%  823[EA7,2137] —a—
Subtotal (95% C1) 55 55 468%  823[347,21.37] -
Total events a0 7
Hetetogeneity: Not applicable
Test foraverall eflect Z= 4.3 (P < 0.0001)
Total (95% C1) 133 130 100.0%  4.08[1.12,1483] ——
Total events 62 25

Heterogeneity Tau"= 0.69; Chi =1(P=003;F=79%
Testfor overall effect Z= 2.14 (

Testfor subaroun differences: Chi

79,
0.03)
478 df=1(P=003)

oo

01 10 100
Favours [FSH] Favours [CC+Metormin]




image2.png
Letrozole  Clomiphene citrate

Odds Ratio

Study or Subgroup _Events Total _ Events __ Total Weight M-H,Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

39.2.1 Letrozole 5 mg QD vs CC 100 mg QD

Baruah 2008 1o 7 56 26%
Behnoud 2019 0 3 18 0 27%
Chen 2016 16 52 17 52 41%
Dehbashi 2008 13 80 7 50 27%
Elknayat 2015 13 3 29 05%
Ganesh 2008 a7 a2 96 660 26.5%
Ghahiri 2016 9 s 24 51 45%
Subtotal (95% CI) 638 037 435%
Total events 177 172

0%

Heterageneity: Taw"= 0.00; ChP= 4.5,
Testfor oversll effect: Z= 3.65 (P = 0.0003)

39.22 Letrozole 2.5 mg QD vs CC 100 mg QD

Bayar 2008 9 9 7 95 26%
Subtotal (95% CI) ) 95 26%
Total events 9 7

Heterogeneity: Not applicable
Testfor oversll effect: 2= 0.44 (P = 0.66)

39.23 Letrozole 2.5 mg QD vs CC 150 mg QD

AbuHashim 2010 42 288 43 207 131%
Subtotal (95% CI) 285 207 13.4%
Total events 42 43

Heterogeneity: Not applicable
Testfor oversll effect: 2= 0.09 (P = 0.93)

39.24 Letrozole 2.5 mg QD vs CC 50 mg QD

Amer 2017 49 80 34 79 B9%
Legro 2014 17374 81 76 25.6%
Subtotal (95% CI) 54 455 325%
Total events 166 115

Heterogeneity Tau®= 0.00; Chi
Test for overall effect 2= 3.73 (

41,d1=1(P=052;F=0%
0.0002)

39.25 Letrozole 5 mg QD vs CC 50 mg QD

Najafi 2020 45 110 27 10 83%
Subtotal (95% CI) 110 10 83%
Total events 45 27

Heterogeneity: Not applicable
Testfor oversll effect. 2= 257 (P = 0.01)

Total (95% CI) 1586 1894 100.0%
Total events 430 364

Heterageneity: Taw"= 0.00; Chi*= 10.37, df= 11 (P = 050 F= 0%
Testfor oversll effect: Z= 5.38 (P < 0.00001)

Testfor subaroun differences: Chif= 511 df= 4 (P = 0.28).

1 70

1641059, 4.58]
1.03[0.37,282)
0.92[0.40,2.09]
216[0.78,5.98]
0.39[0.04,4.06]
18211.32,252)
155[0.71,3.41]
160 [1.24,2.06]

1.2810.45,352)
126 [0.45,3.52]

1.02[064,1562)
1.02[0.64,162]

20911.11,394)
1.6611.19,230]
17411.30,2.33]

21311.20,379)
243[120,379]

158[1.34,1.86]

01

02 05
Favours [Letrozole] Favours [CC]





image3.png
Metformin  placebo 0dds Ratio Odds Ratio

Study or Subgroup___Events _Total Events Total Weight M-H,Random, 95% CI M-H, Random, 95% CI
1.22.1 Metformin 1500 mg QD for 3 months

Lord 2008 3 19 2 18 50%  150022,1022)

Morin Papunen 2012 o7 160 s6 160 88.7% 2851182, 450

Subtotal (95% CI) 179 178 936%  276[178,430]

Total events 100 58

Heterageneity: Taw"= 0.00; Chi*= 0.41, df= 1 (P= 0.62) F= 0%

Testfor oversll effect: 2= 4.51 (P < 0.00001)

1.22.2 Metformin 850 mg BID for 6 months
Yarali 2002 3 10 1015 31%  600[052,6872) -
Subtotal (95% CI) 10 15 34% 6000526872

Total events 3 1

Heterogeneity: Not applicable
Testfor oversll effect: 2= 1.44 (P = 0.15)

1.22.3 Metformin 1500 mg QD for 7 weeks
Vandermolen 2001 6 1 114 33%  1560[1.48,164.38] e ——
Subtotal (95% CI) 1 14 33% 1560[148,164.38] ——
Total events 6 1

Heterogeneity: Not applicable
Testfor oversll effect: 2= 228 (P = 0.02)

Total (95% C1) 200 207 100.0% 3.00[1.95,4.59] >
Total events 108 &0
Heterageneity: Talr = 0.00; ChP= 2.74, if= 3 (P= 0.43) F= 0% or o T o0

Testfor overall sffect 2= 5,03 (P < 0.00001) Favours [Metformin] Favours [placebo]
Test for subaroun diferences: Chif= 233 di= 2 (P=0.31) F=14.0%





image4.png
CC+Metformin cc 0dds Ratio 0dds Ratio
Study or Subgroup _Events _Total _Events Total Weight M-H, Random, 95% CI MoH, Random, 95¢% CI

26.3.1CC 50 mg tds+Metformin vs CC 50 mg tds

Ayaz 1013 6 1 8 2 B4%  5300137,1977

Basirat 2012 48 167 41 167 208%  1.24[0.75,202] T—

Dasari 2008 4 16 2 24 37%  367[058,2303] S S e—
Kar 2015 12 20 10 3: 86%  220[074,658 I

Katica 2014 6 10 8 10 32%  03m@0527 ———————

Legro 2007 65 200 50 209 224%  1.44[0.83,221] —

Malkawi 2002 @ 16 2 12 38%  643[105,3033 —
Mol 2008 4 111 52 114 195%  078[0.45,1.33 —

Sahin 2004 5 3 10 38% 18421178 S Ee—
Zain 2008 8 38 6 33 78%  147[045472] —

Subtotal (95% CI) 623 638 100.0% 1.48[1.02,2.16] -

Total events 217 182

Heterogeneity: Tau?= 0.12; Chi 9E=010) 7= 39%

Test for overall efect Z= 2.05

Total (95% C1) 623 638 100.0% 1.48[1.02,2.16] -

Total events 217 182

Heterageneity Talr = 0.12; ChP= 14,66, f= 3 (P = 0.10); F= 38%

Test for overall efect Z= 2.05 (P = 0.04) omoure oo : »

Testfor subaroun differences: Not anplicable

Favours [CC+Hetformin] Favours [CC]




image5.png
Letrozole  CC+Metformi Odds Ratio Odds Ratio

Study or Subgroup _Events Total Events _ Total Weight M-H,Random, 95% CI M-H, Random, 95% CI
'36.21 Letrozole 2.5 mg QD vs CC+Metior

AbuHashim 2010 42 285 43 207 §19% 1.02[064,1562]

Rezk 2018 3 100 10 102 481% 51702401117 —m—
Subtotal (95% CI) 385 399 1000%  223[0.451097]

Total events 8 53

Heterageneity: Tau = 1.22; Ch* 1(F=0.0004) = 92%

Test for overall effect 2= 0.99 (
Total (95% CI) 385 399 1000%  223[0.45,1097]
Total events 8 53
Heterogeneity: Taw"= 1.22; Chi*= 12.64, df= 1 (P = 0.0004); F= 92% +

005 01 10 200
Testfor overall effect 2=0.99 (P = 0.32) Favours [Letrozole] Favours [CC+Metformin]

Testfor subaroun differences: Not anplicable




image6.png
CC+Metformi FSH 0dds Ratio 0dds Ratio
Study or Subgroup _Events _Total _Events Total Weight M-H, Random, 95% CI MoH, Random, 95¢% CI
42.1.1CC 100 mg QD+ Metformin 1500 mg QD v FSH 75 1U
AbuHashim 2011 49 75 71 73 816% 0190007048 —a—
Subtotal (95% CI) 7 78 516% 019 [0.07,0.46] -
Total events 19 7
Hetetogeneity: Not applicable
Test foraveral eflect Z= 3,62 (P = 0.0003)
4212 CC 150 mg QD + Metformin 1500 mg QD vs FSH 751U
Begum 2013 15 85 43 55 434% 005002013 ——
Subtotal (95% CI) 55 55 48.4% 005[0.02,0.13]  —~i—
Total events 15 19
Hetetogeneity: Not applicable
Test for overall efect Z= 5,84 (P < 0.00001)
Total (95% C1) 130 133 100.0% 0.09[0.02,037] ———
Total events 61 120

Heterogeneity Tau®= 0.73; Chi
Testfor overall effect 2= 3.38 (
Testfor subaroun differences: Chi

95, df=1(P=0.05); F=75%
0.0007)
305 df=1 (P =005

4 7%

) 01 10
Favours [CC+Hetformin] Favours [FSH]

100




image7.png
(CC+Metformin cc Odds Ratio Odds Ratio

Study or Subgroup _Events _ Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2621 CC 50 mg tds +Metformin vs CC 50 mg tds.

Ayaz 2013 162 8 2 67%  520(137,1977)

Basirat 2012 9% 167 58 167 17.9% 25411.63,395] -

Dasari 2008 7 7 3 9 16% 27.85[1.20,646.08) _—
Kar 2015 00 24 18 3 7A%  38901.08,14.00 —

Katica 2014 ERET'] 6 10 25%  6.00[053,6765 7

Legro 2007 582 oR4 462 Q42 216% 1.5811.32,1.90] -

Malkawi 2002 FERET 312 47%  6E0[123,35.44)

Moll 2008 oM 82 14 158% 069[0.39,1.22]

Sahin 2004 3 81 34 88 1% 1.81[0.79,415]

Zain 2008 % 38 23 38 104% 1511059,384)

Subtotal (95% CI) 1409 1401 1000%  204[1.35,3.08]

Total events 876 607

Heterogeneity: Tau = 0.19; Chi* 9(F=0.004) "= 63%

Test for overall effect 2= 3.40 (

Total (95% CI) 1409 1401 1000%  204[1.35,3.08]

Total events 876 607
Heterogeneity Tau®= 0.19; Chi (P=0.004); F=63%
Testfor oversll effect: Z= 3.40 (P = 0.0007)

Testfor subaroun differences: Not anplicable

oo 01 10 100
Favours [CC+Hetformin] Favours [CC]





image8.png
Letrozole  Clomifene citrate

Odds Ratio

Odds Ratio

Study or Subgroup _Events Total _Events _Total Weight M.H,Random, 95% CI MoH, Random, 95¢% CI
39.1.1 Letrozole 5 mg QD vs CC 100 mg QD

chen 2016 1325 122 W0 117%  071[045,1.08) —

Dehbashi 2009 a0 50 16 50 90%  3190140,7.34 —_—
Elkhayat 2015 21 7 27 20 3s% 07801050  ————

Ganesh 2009 205 372 381 BE9 121%  290[215,389] -
Lu2017 182 208 161 306 118% 248173350 —
Subtotal (95% CI) 1.83[0.93,3.58] -
Total events 641

Heterogeneity: Tau*= 0 45; Ch

Test for overall eflect Z= 1.76 (P = 0.08)

3912 Letrozole 2.5mg QD vs CC 100 mg

BanerjeeRay 2011 60 69 48 78 89%  4170181,951

Bayar 2006 65 99 i 95 103% 065035120

Subtotal (95% CI) 168 73 192%  16100.26,10.00]

Total events 125 118

Heterogeneity: Tau = 1.60; Chi*
Testfor oversl effect: 2

1(F=0.0004) = 92%

39.4.3 Letrozole 2.5 mg vs CC 150 mg QD

AbuHashim2010 185 285 207 207 11.9%
Subtotal (95% CI) 285 297 11.9%
Tota events 185 w7

Heteropeneit:Not anplicable

Testor overal effect 2= 1.23 (°= 0.22)

39.1.4 Letrozole 2.5 QD vs CC 50 mg QD

Amer 2017 o7 e 63 79 91%
Legro 2014 3 a8 3t 116%
Subtotal (95% Cl) 454 455 20.7%
Tota events 38 3s1

Heterogeneity: Tau*= 0.07; Chi*=1.63, df=1 (F = 0.20); = 38%
Testor overal effect 2= 248 (= 0.01)

Total (95% CI) 1815 2179 100.0%
Tota events 1340 1384

Heterogeneity: Tau*= 0.42; Chi*= 73.37, df= 8 (P < 0.00001); "= 88%

Testfor overall effect 2= 2.06 (
Testfor subaroun differences: Chi

0.04)
9.88 df=3(P=002.

0 6%

080[057,1.14]
080057, 1.14]

131058, 294
23511.58,350)
196 [1.15,3.34]

160 [1.02,252]

-
-
-
—
01 0z 05 FE]

Favours [Letrozole] Favours [CC]

10




image9.png
Letrozole  CC+Metformi 0dds Ratio 0dds Ratio
Study or Subgroup__Events Total Events _Total Weight M.H,Random, 95%CI M.H, Random, 95% CI
36.1.1 Letrozole 2.5mg QD vs CC+Metfor
AbuHashim 2010 185 285 207 297 509% 080[057,114]
Rezk 1018 82 100 44 102 491% 60103161143 —m—
Subtotal (95°% CI) 385 399 100.0% 216030, 15500
Total events 267 251
Heterogeneiy: Tau*= 1.96; Chi 1P < 0.00001); F=97%
Testior overall effect 7
Total (95% CI) 385 399 100.0% 216030, 15.50]
Total events 267 251
Heterogeneity Tau’= 1.96; Chi*=20.14, df= 1 (P < 0.00001); F= 97% T & : 5 =

Testfor oversll effect: 2= 0.76 (P = 0.45)
Testfor subaroun differences: Not anplicable

Favours [Letrozole] Favours [CC+Metiromin]




image10.png
Metformin  placebo 0dds Ratio Odds Ratio

Study or Subgroup _Events _Total _Events Total Weight M-H, Random, 95% CI MoH, Random, 95¢% CI
1.23.1 etformin 850 mg BID for 6 months.
Yarali 2002 @ 10 11 15 238%  327[031,3477 e —
Subtotal (95% CI) 10 15 238%  327[031,3472] ——
Total events 9 1"

Heterogeneity: Not applicable

Test for overall efect Z= 0.08 (P = 0.33)

1.23.2 Metformin 1500 mg QD for 7 weeks.

Vandermolen 2001 9 12 4 15 335% 8251454696 —_—
Subtotal (95% CI) 12 15 335%  8.25[1.45,46.86] ————
Total events 9 4

Heterogeneity: Not applicable
Testfor oversll effect: 2= 238 (P = 0.02)

1.23.3 Metformin 1500 mg QD for 3 months
Lord 2006 9 19 9 18 426% 0.90 (0.25, 3.27) i
Subtotal (95% CI) 19 18 426%  090[025,327]

Total events 9 9

Heterogeneity: Not applicable
Testfor oversll effect: 2= 0.16 (P = 0.87)

Total (95% C1) 41 48 1000%  2.57[0.60,11.03] —r——
Total events 27 2
Heterageneity: Talr = 0.86; ChP= 4.18, 0= 2 (P = 0.12); F= 52% or o T o0

Testfor overall effect 2=1.27 ( = 0.20) Favours [Wetformin] Favours [placebo]
Testfor subaroun differences: Chif= 417 df= 2 (P= 017 F=521%





image11.png
Acarbose  Metfor 0dds Ratio 0dds Ratio

Study or Subgroup _Events Total_Events Total Weight M.H, Random, 95% CI MoH, Random, 95¢% CI
16.4.1 Acarbose 300 mg QD
Hanjalic Beck 2010 19 32 22 30 3E%  053(018,155
Sonmez 2005 13 15 229% 1630231145
Subtotal (95% CI) 45 615%  069[027,176]
Total events a2
Heterogeneity Tau*= 0.00; Chi*= =0ar=0%
Test for overal efect Z-
16.4.2 Acarbose 100 mg QD
Rezal 2016 2230 14 30 3WS%  31401.07.9271 —a—
Subtotal (95% CI) 30 30 385% 344[1.07,927] ——
Total events 22 1
Hetetogeneity: Not applicable
Test for overall efect Z= 2.08 (P = 0.04)
Total (95% C1) L 75 1000% 1.36[0.40,4.62] ——
Total events 50 8

r= ~1F=007F= —
BRI T 71 O < 527, 2P =007 = 2% o & 5 o
estfor overall efec « ) Favours [Acarbose] Favours [Metormin]
Test for subaroun diferences: Chif= 4 31 di=1 (P = 0.04) F= 76 8%





image12.png
Letrozole  Clomifene citrate 0dds Ratio 0dds Ratio
Study or Subgroup _Events Total _Events _Total Weight M.H,Random, 95% CI MoH, Random, 95¢% CI
38.3.1 Letrozole 2.5 mg QD vs CC 50 mg QD
Amer 2017 38 80 28 79 225% 173092377
Legro 2014 103 374 72 378 77.5% 1.80[1.14,2.26) L3
Subtotal (95% CI) 454 455 100.0% 163[1.21,2.21] *
Total events 142 100
Heterageneity: Tau = 0.00; ChP= 0.04, if= 1 (P= 0.64) F= 0%
Test for overall efict Z= 3.18 (P = 0.001)
Total (95% C1) 454 455 100.0% 163[1.21,2.21] >
Total events 142 100
Heterageneity: Tau = 0.00; ChP= 0.04, if= 1 (P= 0.64) F= 0% T 1 T

Testfor oversll effect: 2= 3.18 (P = 0.001)
Testfor subaroun differences: Not anplicable

Favours [Letrozole] Favours [CC]




image13.png
(CC+Metformin cc

Odds Ratio

Study or Subgroup _Events _ Total Events Total Weight M-H,Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

2641 CC 50 mg tds +Metformin vs CC 50 mg tds.

Kar 2015 10 2 9 3 1%
Legro 2007 s6 209 47 209 739%
Sahin 2004 3 n 3 10 41w
Zain 2008 E- 6 30 103%
Subtotal (95% CI) 22 290 100.0%
Total events 76 65

Heterogeneity Tau®= 0.00; Chi*= 0.54, df= 3 (P = 0.91); F= 0%
Testfor oversll effect: 2= 1.32 (P = 0.19)

Total (95% CI) 22 290 100.0%

Total events 76 65
Heterageneity: Taw"= 0.00; Chi*= 0.54, df= 3 (P = 0.91); F= 0%
Testfor oversll effect: 2= 1.32 (P = 0.19)

Testfor subaroun differences: Not anplicable

1.83[060,5.59)
1.28[0.81,1.97)
088[0.13,5.82)
1241038, 411)
1.30 0.8, 1.90]

1.30[0.88,1.90]

01 02z 05
Favours [CC+Hetformin] Favours [CC]





image14.png
SE(loglOR])

0 .
P
PA
Q
s e
1 H
o |
g |
2 H OR

Subgroups

O Letrozole 5 mg QD vs CC 100 mg QD
< Letrozole 25 mg QD vs CC 100 mg QD
O Letrozole 2.5 mg QD vs CC 150 mg QD

A\ Letrozole 25 mg QDvs CC 50 mg QD
X Letrozole 5 mg QD vs CC 50 mg QD





image15.png
SE(loglOR])

oR

0

05

20

02

b8




