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Abstract 

Background: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in premenopausal women, 

characterized by insulin resistance and hyperandrogenism. Previous studies have investigated the use of metformin, a well-

known insulin sensitizer, on lean PCOS patients, but it remains unclear as to how effective the treatment is. This literature  

review was carried out to better assess the effects of metformin on lean PCOS patients.  

Methods: Related literature was fully searched using MEDLINE, EMBASE, Web of Science, and COCHRANE for 

metformin therapy on lean women with PCOS (last updated May 2022). A review was performed to evaluate the effects of 

continued metformin treatment on relevant hormonal and metabolic indicators in these women. 

Results: A total of fourteen studies among 300 related articles were included in the review. Significant changes in total 

testosterone, sex hormone binding globulin (SHBG), blood insulin, and Homeostatic Model Assessment for Insulin 

Resistance (HOMA-IR) were reported in majority of the studies. Several studies observed significant changes in Body Mass 

Index (BMI), luteinizing hormone (LH), and blood glucose. Nearly none of the studies assessed reported significant changes 

in follicle-stimulating hormone (FSH) and androstenedione.  

Discussion: Current literature around the efficacy of metformin treatment on lean PCOS patients remains unclear and 

uncertain. The majority of studies reviewed indicate that metformin treatment significantly ameliorated total testosterone, 

SHBG levels, and insulin resistance in lean patients with PCOS. However, the mechanisms and effects of metformin on other 

treatment outcomes in lean PCOS women is unclear. 

Conclusion: Metformin may be a putative treatment for lean PCOS women with significant insulin resistance and/or 

hyperandrogenism. More research involving larger sample sizes and a greater number of clinical outcomes is required. 
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Introduction  

Polycystic ovary syndrome (PCOS) is a prevalent 

endocrine and metabolic disorder of the female 

reproductive system, affecting an estimated 5-20% of 

premenopausal women [1,2]. It is a leading cause of 

infertility, and is typically characterised by oligomenorrhea, 

hirsutism, infertility, and hyperinsulinemia [1,3,4]. It is 

commonly diagnosed in adults using the Rotterdam criteria, 

which requires two of the three clinical features of 

oligoovulation, hyperandrogenism, and ovarian 

morphology to be present [4,5]. In adolescent females, 

diagnosis is challenging as characteristics of puberty, such 

as hormonal fluctuations, may mimic symptoms of PCOS 

[1]. The pathophysiology of PCOS remains unclear, though 

current hypotheses suggest atypical insulin signalling, 

oxidative stress, dysregulation of steroidogenesis, and 

environmental factors [3] may be involved. Many of the 

clinical features of PCOS are reflective of impaired ovarian 

function, such as elevated luteinizing hormone (LH) levels, 

anovulation, metabolic syndrome, insulin resistance (IR), 

obesity, and dyslipidemia [6]. 

Hyperinsulinemia and IR are likely central elements to 

the pathogenesis of PCOS [7] and have been demonstrated 

to exist intrinsically in PCOS women regardless of obesity 

[8,9]. However, the cellular mechanisms of IR in PCOS are 

not clearly defined. Previous studies with adipocytes failed 

to find significant decreases in insulin receptor numbers or 

affinity between PCOS women and weight-matched 

controls [9–11]. Rather, substantial decreases in insulin-

mediated glucose uptake observed in adipocytes 

demonstrated a decrease in insulin sensitivity, possibly due 

to defects in insulin receptor binding or phosphorylation 

[10,12]. Later studies implicated post-receptor 

abnormalities in the development of IR. Significant 

decreases in GLUT4 glucose transporters likely accounted 

for decreases in insulin transport and maximal 

responsiveness [13–15]. Investigations on isolated insulin 

receptors further demonstrated increased insulin-
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independent receptor serine phosphorylation and reduced 

tyrosine kinase activity, which may have inhibited receptor 

signalling in a subpopulation of PCOS women [16,17]. 

Other studies of insulin signalling in vivo have shown 

significant decreases in IRS-1-associated 

phosphatidylinositol 3-kinase (PI3-K) activation [18], 

although these findings are inconsistent between studies 

[19,20].  

Hyperinsulinemia in PCOS is known to contribute to 

the development of hyperandrogenism through direct and 

indirect mechanisms [21–23]. Insulin can act on the 

pituitary gland by increasing the responsiveness of the 

pituitary to gonadotropin-releasing hormone (GnRH) [24–

26]. This may contribute to the elevated LH levels and 

slightly decreased follicle-stimulating hormone (FSH) 

levels that are typical of the condition. Insulin can also act 

directly on the ovaries to stimulate the activity of 

cytochrome P450c17 (CYP450) and aromatase, leading to 

greater androgens and estrogens synthesis [27,28]. Insulin-

sensitizing drugs, including metformin, have been shown to 

decrease androgen production and improve LH secretion 

[29,30]. 

Despite the prevalence of PCOS, there are no existing 

regulated treatments for it, due to unclear, complex 

pathophysiology of PCOS and the variety of specific 

manifestations. Instead, drugs are commonly used to target 

individualized symptoms, such as clomiphene for infertility 

and pioglitazone for IR [7]. Metformin, an insulin 

sensitizing drug, is often used by women with PCOS to 

improve insulin sensitivity [11]. By working to increase 

peripheral glucose absorption, metformin can improve the 

metabolic and reproductive outcomes associated with IR, 

including increased menstrual frequency, reduced androgen 

excess, and decreased hyperinsulinemia [31]. However, 

persistent use of metformin has also been shown to cause 

gastrointestinal side effects, such as diarrhea and stomach-

aches [2].  

A common physiological presentation of PCOS is 

obesity, accounting for an estimated 40-80% of PCOS 

women [32]. It is unclear as to whether PCOS contributes 

to obesity or whether the relationship is the other way 

around. Obesity has been found to worsen insulin-mediated 

glucose disposal in PCOS patients, while insulin resistance 

in PCOS can exacerbate a patient’s risk of obesity [32]. It 

was found that hepatic insulin resistance specifically is 

aggravated in obese PCOS patients, demonstrating a close 

link between PCOS and the clinical manifestations of 

weight-gain and obesity [32]. The risk of developing 

glucose intolerance has also been shown to be directly 

proportional with body mass index (BMI), although it is 

likely impacted by a combination of genetic and 

environmental factors. However, there remains a significant 

portion of PCOS women who are normal weight (BMI < 25 

kg/m²), often termed lean PCOS [33]. Although there is 

some consensus that clinical manifestations in lean and 

overweight PCOS women are comparable [32], the efficacy 

of metformin as a treatment method in lean PCOS women 

is less known. This is partially due to the decreased 

physiological prevalence of lean PCOS patients. This 

review provides an analysis of relevant literature to 

evaluate the clinical effectiveness and limitations of 

metformin use in lean women with PCOS.  

 

Materials and Methods  

Literature Search  

A literature search was conducted on EMBASE, 

MEDLINE, Web of Science, and Cochrane Library with an 

end date of May 2022. The search terms used included the 

following: “polycystic ovary syndrome” or “PCOS,” 

“metformin,” and “lean” or “normal weight.” Publication 

date, language, and publication type were not limited.    

 

Outcome Measures  

The main outcome was to compare the therapeutic 

effects of metformin on normal-weight women (BMI < 25 

kg/m2). The measured therapeutic parameters were divided 

by hormonal and metabolic indicators. Hormonal indicators 

included FSH, LH, total testosterone, sex hormone binding 

globulin (SHBG), and androstenedione. Metabolic 

indicators included Body Mass Index (BMI), fasting blood 

glucose, fasting insulin, and the Homeostasis Model of 

Assessment for Insulin Resistance (HOMA-IR).  

 

Selection Criteria  

Published studies that investigated the effect of 

metformin on lean women with PCOS were considered. 

Studies were included in the review if [1] the diagnosis of 

PCOS was confirmed using the Rotterdam diagnostic 

criteria, [2] the treatment group consisted of normal-weight 

women with PCOS, [3] measured outcomes in the study 

included at least one of the above therapeutic indicators, 

with measurements taken before and after metformin 

treatment, [4] study participants had not used confounding 

medication, including oral contraceptive agents, insulin-

sensitizing agents, hypertensive medication, or anti-

androgen agents, for at least 3 months prior to enrolment, 

and [5] approval from ethics committees and informed 

participant consent were provided. The control group was 

defined as BMI-matched, healthy women who did not have 

PCOS.   

Studies were excluded if [1] the therapeutic group 

consisted of both normal weight and overweight/obese 

patients, [2] comparisons between therapeutic indicators 

before and after metformin treatment were not included, [3] 

other ovulation induction drugs were used, such as 

clomiphene citrate and gonadotrophins, and [4] if the study 

did not include measurements between 3 to 6 months of 

metformin treatment, or a minimum of 15 trials.  

 

Data Extraction and Statistical Analysis  

Articles were independently collected and reviewed to 

determine eligibility of studies. Then, the following 
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information was extracted from each study: name of first 

author and year of publication, study characteristics, 

number of patients measured before and after treatment, 

study duration, study dose, and significant findings.  

Measured therapeutic parameters were then extracted 

from the articles. Methods used for statistical analysis in 

each article were evaluated for consistency and accuracy. A 

p-value of < 0.05 between the before and after groups, as 

determined by a paired t-test or an Analysis of Variance 

test, was deemed statistically significant. 

Results 

Search Results and Eligible Studies  

A total of 503 articles were returned, and 300 remained 

after duplicates were removed. Abstracts were then read to 

determine relevancy, and 34 articles remained. Finally, 14 

literature studies met the study selection criteria after the 

abstract and full text were read [3,4,34–45]. Figure 1 

shows the search strategy for the selection of included 

studies. Extracted characteristics and data from the included 

studies are presented in Tables 1-3. 

 

 
 

Figure 1. Flowchart for number of studies after application of selection criteria.  
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Table 1. General information of included studies in the meta-analysis  

Author and 

publication year  

Study 

characteristics  

Cases 

(b/a)  

Duration 

(months)  

Dose  Significant findings  

Sahin, 2007  Prospective   20/20  6  2550 mg daily  Significant decreases in LH and glucose 

levels 

Tan, 2007  Prospective   44/44  6  Weight-adapted doses (body weight 

<60 kg: 500 mg of metformin twice a 

day (BID); 60–100 kg: 850 mg BID; 

>100 kg: 1000 mg BID)  

Significant decreases in testosterone, 

insulin, and HOMA-IR  

Kumari, 2005  Prospective   17/17  3  500 mg three times a day (TID)  Significant decreases in FSH, LH, 

testosterone, and insulin levels  

Kialka, 2016  Randomized  15/15  6  1500 mg daily  Significant changes in LH, testosterone, 

SHBG, and insulin levels  

Orio, 2005  Prospective  30/30  6  850 mg BID  Significant changes in SHBG, FAI and 

insulin levels  

Yilmaz, 2005a Randomized  25/25  3  850 mg BID  Significant decreases in BMI and HOMA-

IR  

Christakou, 2014  Prospective, open-

labelled  

35/35  

  

6  425 mg BID for one week, then 

increased to 850 mg BID  

Significant changes in BMI, and 

testosterone levels  

Foda, 2019  

  

Cross-sectional  35/35  3   500 mg once a day for one week, then 

500 mg BID for second week, then 

500 mg TID for remainder of study  

Significant decreases in testosterone, 

glucose and insulin levels  

Koiou, 2011  Prospective  25/25  6  850 mg BID  Significant decreases in BMI, 

testosterone, and glucose levels  

Soldat-Stanjovic, 2021  Randomized  15/15  6  1500 mg daily  No significant changes observed  

Yilmaz, 2005b Randomized  20/19  3  850 mg BID  Significant decreases in BMI, glucose, 

and HOMA-IR  

Hasan, 2018  Prospective  21/21  6  1500 mg daily  Significant decreases in insulin and 

HOMA-IR  

Singh, 2012  Prospective  19/19  6  850 mg BID  Significant decrease in HOMA-IR  

Ozgurtas, 2008  Randomized  22/20  3  850 mg BID  Significant decrease in BMI  

Abbreviations: before metformin treatment (b), after metformin treatment (a), twice a day (BID), three times a day (TID) 
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Table 2. Hormonal indicators measured in included studies 

Author and publication year  Groups  FSH (mIU/mL)  LH (mIU/mL)  T (nmol/L)  SHBG (nmol/L)  A (ng/mL)  

Sahin, 2007  b  5.20 ± 1.10  11.50 ± 7.60    33.90 ± 21.90  3.10 ± 1.00  

a  5.10 ± 1.80  2.20 ± 3.60*   40.70 ± 29.20 2.50 ± 1.20 

Tan, 2007  b        2.60 ± 0.90      

a        1.80 ± 0.70*       

Kumari, 2005  b  6.30 ± 1.62  16.20 ± 6.90  2.50 ± 0.10     4.80 ± 1.50  

a  5.20 ± 1.60* 11.20 ± 1.20* 1.40 ± 0.80*    4.30 ± 0.90  

Kialka, 2016  b  6.87 ± 1.08  11.46 ± 2.74  2.51 ± 0.34  37.59 ± 6.33     

a  6.79 ± 1.04  5.55 ± 1.51* 1.80 ± 0.29* 46.70 ± 4.75*    

Orio, 2005  b  10.50 ± 1.20  24.60 ± 3.70  2.60 ± 0.40  28.10 ± 5.10  1.48 ± 0.20 

a  9.80 ± 1.60  23.20 ± 3.10  2.30 ± 0.90  35.50 ± 5.20* 1.40 ± 0.17 

Yilmaz, 2005a b  5.96 ± 2.47  9.89 ± 5.62        2.96 ± 1.46  

a  5.12 ± 2.38  8.12 ± 4.62        2.65 ± 1.41  

Christakou, 2014  b        2.85 ± 0.09  45.80 ± 3.40     

a        2.32 ± 0.07* 44.90 ± 3.00*    

Foda, 2019  b  4.11 ± 0.35  8.65 ± 0.98  2.16 ± 0.31       

a  4.37 ± 0.40* 5.06 ± 0.85* 2.05 ± 0.15*       

Koiou, 2011  b  5.90 ± 1.80  10.90 ± 6.80  2.83 ± 0.60     2.90 ± 0.90  

a  6.10 ± 3.20  12.60 ± 13.50  2.50 ± 0.57*    2.80 ± 0.80  

Soldat-Stanjovic, 2021  b  6.80 ± 1.80  7.99 ± 3.37  1.87 ± 0.49 59.60 ± 31.66     

a  6.77 ± 1.23  7.58 ± 3.49  1.70 ± 0.49 63.41 ± 24.96    

Yilmaz, 2005b b  6.45 ± 1.86  10.73 ± 7.68        2.89 ± 1.63  

a  6.20 ± 2.39  9.79 ± 8.05        2.71 ± 1.17  

Hasan, 2018  b                 

a                 

Singh, 2012  b                 

a                 

Ozgurtas, 2008  b  5.43 ± 1.77  9.19 ± 1.79  3.44 ± 0.26  30.59 ± 7.21  2.90 ± 0.30  

a  5.52 ± 1.95  7.51 ± 3.44  3.24 ± 1.08  31.48 ± 6.79  2.80 ± 0.40  

All values were rounded to 2 decimal places for consistency 

* Change after metformin treatment had a significance of p < 0.05 

Abbreviations: before metformin treatment (b), after metformin treatment (a), total testosterone (T), androstenedione (A) 
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Table 3. Metabolic indicators measured in included studies 

Author and publication year  Groups  BMI (kg/m²)  G (mg/dL)  I (µIU/mL)  HOMA-IR  

Sahin, 2007  b  22.40 ± 2.10  90.40 ± 7.80 9.80 ± 6.10 1.90 ± 1.20 

a  22.30 ± 2.60 85.50 ± 5.20* 14.10 ± 8.80  2.80 ± 1.80 

Tan, 2007  b  22.00 ± 1.60  84.60 ± 8.60  7.70 ± 4.20  1.70 ± 1.00  

a  21.60 ± 1.60  82.60 ± 8.20  5.40 ± 3.90* 1.10 ± 0.70* 

Kumari, 2005  b  24.30 ± 4.30     12.00 ± 3.20    

a  22.10 ± 3.20    9.10 ± 1.20*   

Kialka, 2016  b  21.19 ± 1.27  86.40 ± 10.80  14.40 ± 5.50    

a  20.95 ± 1.23  84.10 ± 6.10  10.20 ± 3.50*   

Orio, 2005  b  22.40 ± 2.10  109.90 ± 37.80  18.80 ± 5.50    

a  22.20 ± 2.30  93.60 ± 28.80  8.20 ± 3.50*   

Yilmaz, 2005a b  22.16 ± 3.57      3.18 ± 1.19  

a  20.08 ± 3.14*     2.32 ± 0.87* 

Christakou, 2014  b  23.03 ± 0.67       

a  22.44 ± 0.67       

Foda, 2019  b  24.66 ± 0.33  108.02 ± 7.87  12.36 ± 2.43  3.33 ± 0.87  

a  24.47 ± 0.25  84.23 ± 6.53* 8.54 ± 0.95* 1.79 ± 0.32* 

Koiou, 2011  b  23.20 ± 4.40  99.80 ± 16.30  18.40 ± 30.40  4.40 ± 6.40  

a  22.90 ± 3.00* 87.00 ± 7.30* 10.80 ± 9.30  2.30 ± 1.90  

Soldat-Stanjovic, 2021  b  20.96 ± 2.04  84.10 ± 7.70  9.80 ± 3.73  2.03 ± 0.76  

a  20.61 ± 1.79  80.10 ± 10.60  8.69 ± 2.61  1.76 ± 0.60  

Yilmaz, 2005b b  21.51 ± 1.74  80.51 ± 7.36  11.88 ± 5.46  2.29 ± 0.81  

a  20.12 ± 1.57* 80.09 ± 7.23  7.96 ± 2.92* 1.48 ± 0.56* 

Hasan, 2018  b  23.17 ± 0.94  84.05 ± 7.40  9.84 ± 2.55  2.90 ± 0.70  

a  23.05 ± 0.90 53.52 ± 6.74  7.04 ± 2.26* 1.47 ± 0.49  

Singh, 2012  b         3.62 ± 1.38  

a         2.90 ± 0.04* 

Ozgurtas, 2008  b  21.81 ± 1.27        

a  21.12 ± 1.06*       

All values were rounded to 2 decimal places for consistency 

* Change after metformin treatment had a significance of p < 0.05 

Abbreviations: before metformin treatment (b), after metformin treatment (a), fasting blood glucose (G), fasting blood insulin (I) 
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Follicle-Stimulating Hormone (FSH)  

FSH levels were measured in 10 articles, with 

significant changes observed in two of them [3,39]. Three 

of the 10 articles observed increases in FSH levels, with 

Foda et al. finding a significant increase from 4.11 ± 

0.35 mIU/mL to 4.37 ± 0.40 mIU/mL following metformin 

treatment [39]. Conversely, Kumari et al. noted a 

significant decrease in FSH after metformin treatment, from 

6.30 ± 1.62 mIU/mL to 5.20 ± 1.60 mIU/mL.  

 

Luteinizing Hormone (LH)  

LH levels were measured in 10 articles, with 

significant reductions observed in four of them 

[3,34,35,39]. Nine of the articles reported decreases in LH, 

although these findings are also not consistent with Koiou 

et al., who observed an increase in LH levels from 10.90 ± 

6.80 mIU/mL to 12.60 ± 13.50 mIU/mL, though not 

significant [40]. 

 

Total Testosterone (T) 

Total testosterone was found to be reduced after 

metformin treatment in all 9 articles it was measured in, 

though significant reductions were observed in only 6 of 

them [3,4,35,38–40]. 

 

Sex Hormone Binding Globulin (SHBG) 

SHBG levels were measured before and after 

metformin treatment in six articles, with significant changes 

observed in three of them [35,36,38]. Of the three articles, 

both Kialka et al. and Orio et al. measured significant 

increases in SHBG levels [35,36], while Christakou et al. 

observed a significant decrease after metformin treatment, 

from 45.80 ± 3.40 nmol/L to 44.90 ± 3.00 nmol/L [38].  

 

Androstenedione (A) 

Androstenedione levels were reported in seven articles, 

with reductions in all of them, though none were found to 

be statistically significant.  

 

Body Mass Index (BMI) 

BMI was measured in 13 articles. The change in BMI 

after metformin treatment was found to be statistically 

significant in five of these articles [37,38,40,42,45].  

 

Fasting Blood Glucose (G) 

Fasting blood glucose levels were measured in nine of 

the articles observed, with significant reductions 

demonstrated in three of them [34,39,40]. The articles 

reporting significant reductions generally had higher 

starting glucose concentrations, with the exception of Orio 

et al., which reported the greatest deviations in 

measurements [36]. 

 

Fasting Blood Insulin (I) 

Fasting blood insulin levels were measured in 10 

articles, with significant reductions observed in seven of 

them [3,34–36,39,42,43]. Only Sahin et al. reported an 

increase in insulin after metformin treatment, from 9.80 ± 

6.10 µIU/mL to 14.10 ± 8.80 µIU/mL [34].  

 

HOMA-IR 

HOMA-IR measured before and after metformin 

treatment in 10 articles, with significant reductions 

observed in six of them [37,39,42,42–44]. Of note, all 

articles that observed significant decreases in HOMA-IR 

also observed significant decreases in fasting blood insulin 

levels. 

 

Discussion 

Metformin, a widely used insulin sensitizing agent, 

was investigated for its effects on insulin resistance and 

hyperandrogenism in lean women with PCOS. Significant 

changes in total testosterone, SHBG, blood insulin, and 

HOMA-IR were reported in majority of the studies 

included. Some also observed significant changes in BMI, 

LH, and blood glucose levels. Meanwhile, only 2 out of the 

10 studies measuring FSH levels reported significant 

changes, while androstenedione levels were not 

significantly reduced after metformin treatment in any of 

the included studies.  

This study found significant changes in blood insulin 

and HOMA-IR in most observed articles. The beneficial 

effect of metformin observed in PCOS symptomology 

could be due to metformin’s effect on insulin receptors, 

reducing both insulin and proinsulin production [46,47]. 

Muscle sensitivity to insulin also improves, increasing 

insulin-stimulated systematic glucose disposal and leading 

to more efficient glucose uptake [48–50]. The specific 

mechanism for metformin’s action remains unclear. Body 

of evidence has elucidated the role of AMP-activated 

protein kinases (AMPK) through complex I of 

mitochondrial oxidative phosphorylation, which activate in 

response to metformin-induced reductions of AMP/ATP 

ratios [51–53]. However, Foretz et al. demonstrated that 

metformin acts on an AMPK-independent pathway, 

reducing ATP concentrations in liver kinase B1 (LKB1)-

dependent pathways and resulting in CREB regulated 

transcription coactivator 2 (CRTC2) production [54]. 

CRTC2 then causes the inhibition of gluconeogenic genes 

in the liver. Alternatively, Foretz et al. also demonstrated 

that metformin can inhibit gluconeogenesis in LKB1- and 

AMPK- independent pathways, suggesting an action of 

metformin through the regulation of gluconeogenesis flux 

[54]. Metformin ultimately increases peripheral insulin 

sensitivity and reduces insulin resistance, with some 

literature suggesting that the reduction is greater in lean 

PCOS women [55]. 

Blood glucose levels were not consistently reduced by 

significant amounts when compared to insulin levels. The 

results observed may be due to the pathophysiology of lean 

PCOS patients compared to obese patients, as studies have 

suggested that lean women with PCOS have similar blood 
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glucose concentrations when compared to BMI-matched 

controls [50,55]. A further examination of the measured 

indicators in lean PCOS patients against BMI-matched 

controls in each study may help clarify these findings. 

In this study, SHBG levels changed significantly after 

metformin treatment in half of the articles examined. Low 

levels of SHBG are known to be associated with type 2 

diabetes mellitus [56,57], and it has been suggested that 

hyperinsulinemia directly inhibits hepatic SHBG synthesis 

[56], though the mechanism is not well-known. In vitro 

experiments in human hepatoma cell lines demonstrated 

that insulin and prolactin inhibited SHBG production [58]. 

Later in vivo experiments by Nestler et al. further 

demonstrated that insulin-reduction therapy directly 

increased serum SHBG levels when ovarian steroidogenesis 

was inhibited, suggesting that the rise in SHBG levels were 

due solely to the suppression of insulin release [59]. 

However, it is unclear whether reductions in SHBG levels 

are directly due to decreases in endogenous insulin 

production, or rather general improvements in insulin 

resistance [60,61]. Selva et al. found that regulation of 

SHBG production in the liver was not affected by insulin, 

but rather a monosaccharide-induced downregulation of 

HNF-4ɑ [60]. Metformin has been shown to downregulate 

HNF-4ɑ expression via an AMPK signalling pathway, 

which may explain the decrease in SHBG levels observed 

after metformin therapy [62,63]. This study also 

demonstrated that changes in SHBG levels were 

inconsistent between articles observed. This may be due to 

markedly higher SHBG levels in lean PCOS women 

compared to their obese counterparts [64–66], leading to 

less significant changes after metformin therapy. 

A significant decrease in total testosterone levels was 

reported in most observed studies. This supports the 

observation that decreases in testosterone levels are more 

pronounced in lean PCOS women compared to obese women 

[67]. Insulin has been shown to stimulate the activity of 

CYP450 through direct and indirect mechanisms [28,68,69]. 

Metformin treatment reduces LH pulse amplitude [70], 

potentially reducing the activation of CYP450 by LH. In 

theca cells, insulin also increases the sensitivity of theca cells 

to LH, enabling the co-activation of CYP450 expression 

[71,72]. Moreover, insulin may stimulate testosterone 

biosynthesis directly by activating its own receptor and 

inducing signal transduction via inositolglycan mediators 

[73]. Metformin may also have a direct inhibitory effect on 

androgen synthesis [74,75]. Hirsch et al. demonstrated that 

metformin can directly inhibit the mitochondrial complex I, 

decreasing the expression of 17-Hydroxylase/17,20 lyase and 

3-hydroxysteroid dehydrogenase type 2, steroid enzymes 

involved in androgen biosynthesis [76]. These mechanisms 

may also account for the consistent, though not significant, 

decreases in androstenedione observed [75]. 

Elevated LH levels due to higher LH pulse amplitudes 

are also well documented in PCOS. This is possibly due to 

the increased sensitivity of the pituitary gland to GnRH 

[77–79], although it is unclear whether this hypothalamic-

pituitary hyperactivity is intrinsic in PCOS [77,80]. Insulin 

signalling has been shown to be an indirect factor on LH 

synthesis in PCOS, as insulin can have direct effects on 

GnRH neurons and stimulate GnRH gene expression 

[25,26]. However, it is unclear whether the mechanism of 

metformin’s action on LH levels is related to improvements 

in insulin resistance or hyperinsulinemia [29]. It has been 

suggested that metformin may target the hypothalamic-

pituitary unit directly, reducing the strength of GnRH 

signalling and, subsequently, LH synthesis [30,70]. 

Alternatively, metformin may exert its actions on the ovary 

directly by attenuating CYP450 activity [75,81], leading to 

decreased testosterone biosynthesis that then corrects 

inappropriate LH secretion [27]. The efficacy of metformin 

in reducing LH levels is also variable, with some studies 

demonstrating significant changes [30,81,82], while others 

show little change [83–85]. This may be more variable in 

lean PCOS patients, as BMI has been shown to influence 

LH pulse amplitude in PCOS women [86–88]. This studies’ 

results are reflective of this, as they demonstrate the 

inconsistency of significant changes in LH levels among 

lean PCOS women.  

Conversely, FSH levels were unaffected in nearly all 

the articles observed in this study. In PCOS women, 

baseline FSH levels are known to be slightly decreased or 

unchanged compared to normal women [89,90]. This may 

be attributable to the differential regulation of FSH 

synthesis by GnRH, which has been shown to be less 

effective at stimulating FSH with increased concentrations 

in comparison to LH [91,92]. Further, estradiol and 

progesterone are typically found at higher levels in PCOS 

women due to increased aromatase activity [77,93]. This 

may contribute to a regulation of FSH levels by preferential 

negative feedback [94–96], although it is unclear whether 

our data supports this. An expanded study to include the 

analysis of more sex hormones may clarify this in the 

future. 

The strengths of this review include its rigorous, 

specific criteria for the studies included, and its focus on 

assessing metformin in relation to lean women with PCOS 

only. There are, however, several limitations. For one, the 

studies included in this review use BMI measures to 

separate lean from obese PCOS women. BMI divides 

weight in kilograms by height in meters squared, and does 

not account for body fat versus muscle content [97]. This 

can lead to a more pronounced presentation of obesity in 

taller, more muscular people and a diminished presentation 

in shorter people [97]. Thus, its use as a means to determine 

obesity in scientific studies is controversial, and may have 

affected this review’s conclusions on the significance of 

metformin’s side effects. However, other metrics of body 

weight such as PBF (percent body fat) and BAI (body 

adiposity index) have not been found to be consistently 

more accurate at predicting the risk of diabetes or 

cardiovascular diseases than BMI [98]. As such, BMI is 
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still the most widely used metric of body fat and arguably 

the most reliable, hence its use in this literature review. 

Additionally, many of the studies included in this review 

used small sample sizes, ranging from 15-44 participants in 

each study. This makes it more difficult to interpret the 

significance of the data reliably or account for potential 

risks and inaccuracies due to chance. This review also 

would have benefitted from a comparison between 

metformin’s effects on obese and lean PCOS women, in 

order to further elucidate the differences between 

metformin’s treatment of insulin resistance in each 

demographic. Finally, since the p values reported in each 

study were used to determine the significance of results 

rather than conducting our own significance testing to 

verify parameters, no conclusions could be drawn. Further 

research should be conducted to determine the significance 

of metformin’s impact in lean women with PCOS. 

 

Conclusion 

This review demonstrates the efficacy of metformin in 

improving total testosterone, SHBG, and insulin resistance 

in a majority of studies in lean PCOS patients. Metformin 

also improved BMI, LH, and blood glucose levels, although 

in a smaller percentage of studies. The results indicate that 

metformin may be an effective treatment choice in cases 

with significant insulin resistance and hyperandrogenism, 

though the specific benefits in lean PCOS patients need to 

be further elucidated. Further, studies into the efficacy of 

metformin treatment in lean PCOS patients without insulin 

resistance, or with other desired therapeutic outcomes, is 

required. More studies with larger trial populations, 

randomized placebo-controlled, double-blind protocols 

should be carried out to examine the effects of metformin 

on a larger range of desired treatment outcomes in PCOS 

women. 
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