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Introduction: Polycystic ovary syndrome (PCOS) is an endocrine disorder characterized by ovulatory dysfunction, 

hyperandrogenism, and metabolic dysregulation. Insulin resistance (IR) is a common hallmark of PCOS and contributes to 

metabolic dysfunction. A combination of lifestyle changes and symptom management treatments can help manage the 

condition. Metformin and myo-inositol (MI) have been shown to improve insulin sensitivity and reduce excess androgen 

levels in women with PCOS, but there is a lack of research on the effects of combinatory therapy of MI and metformin. This 

study aims to investigate the hypothesis that a combination of MI and metformin will result in improved insulin sensitivity 

and clinical outcomes of PCOS. 

Methods: The study is a double-blinded, randomized controlled trial examining 60 women diagnosed with PCOS that 

demonstrate the presence of IR. Participants are randomized to one of the following treatments over a six-month period: 

metformin (MET), inositol (INO), combined metformin and inositol (MET-INO) or placebo-control (CON). BMI, LH:FSH 

ratio, and the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) were assessed at day 0, day 84 and day 168. 

Anticipated Results: It is anticipated that the MET-INO group will have the most profound effects following intervention, 

with a decrease in BMI by 3-4%, a decrease in LH:FSH ratio by 30-40%, and a decrease in HOMA-IR by 1-1.5. MET group 

is expected to have a significant decrease in BMI by 2-3%, a decrease in LH:FSH ratio by 20-30%, and a decrease in 

HOMA-IR by 0.5-1.5. The INO group is anticipated to experience a significant decrease in BMI by 1-2%, a decrease in 

LH:FSH ratio by 10-20%, and a decrease in HOMA-IR by 0.2-0.4. 

Conclusion: The findings of this study suggest that a combination therapy of metformin and MI may offer a more effective 

treatment option for improving insulin sensitivity in women with PCOS, compared to metformin or inositol treatment alone. 

These results have important implications for patients with PCOS and clinicians managing their care. Future studies should 

further investigate the effectiveness and long-term effects of these treatments. 

 

Keywords: PCOS; insulin resistance; metformin; inositol 
 

 

Introduction 

Polycystic ovary syndrome (PCOS) is a common 

endocrine disorder among women of reproductive age, that 

affects an estimated 1.4 million Canadians [1]. The etiology 

of PCOS is unknown, but it is believed to be related to a 

combination of genetic and environmental factors [2]. 

Methods of classification include the Adams criteria [3], the 

Rotterdam Consensus [4] and the Androgen Excess Society 

criteria [5]. These tools are used to assess for ovulatory 

dysfunction (anovulation, oligo-ovulation, and less than 

nine menstrual periods in one year), hyperandrogenism 

and/or polycystic ovarian morphology. PCOS is also 

associated with IR, acne, obesity, metabolic syndrome and 

menstrual irregularities [6-8]. 

A common hallmark for PCOS is insulin resistance 

(IR), that causes dysregulation of insulin to facilitate 

glucose uptake. Subsequently, this contributes to metabolic 

problems including weight gain, increased body mass index 

(BMI), metabolic syndrome, and type II diabetes mellitus 

[9]. Additionally, women with PCOS can experience a 

disruption in the ratio of luteinizing hormone to follicle 

stimulating hormone (LH:FSH). This is caused by a 

disturbance in the secretion pattern of the gonadotrophin-

releasing hormone (GnRH). In women with PCOS, the 

elevated LH level can result in an overproduction of 

androgens, which disrupts normal hormone balance and can 

cause ovulatory dysfunction [10,11]. 

PCOS is a complex condition with no regulated 

treatments but is managed with a combination of lifestyle 

changes and symptom management treatments. Enhancing 

insulin sensitivity is a shared objective of these medical 

treatments. Metformin is a widely used medication that 

improves insulin sensitivity by enhancing peripheral glucose 

uptake and utilization while reducing hepatic glucose 

synthesis and intestinal glucose absorption [12]. Increased 

insulin sensitivity can then aid in the regulation of menstrual 

RESEARCH PROTOCOL        OPEN ACCESS 
 

https://www.urncst.com/
https://doi.org/10.26685/urncst.476
http://crossmark.crossref.org/dialog/?doi=https://doi.org/10.26685/urncst.476&domain=pdf
mailto:abousein@mcmaster.ca


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Abou-Seido et al. | URNCST Journal (2023): Volume 7, Issue 8 Page 2 of 8 

DOI Link: https://doi.org/10.26685/urncst.476 

cycles and ovulation, and the reduction of excess androgen 

levels and BMI [13]. Another known treatment is a naturally 

occurring carbohydrate called inositol. Myo-Inositol (MI) 

and D-Chiro-Inositol (DCI) are inositol isomers that have 

been investigated to improve insulin sensitivity, enhance 

ovarian function, and decrease excess androgen levels in 

PCOS [14,15]. It is important to note that while inositol has 

been shown to have potential benefits for people with PCOS, 

more research is needed to fully understand its effects and to 

determine the best form, MI or DCI, and dosages. 

Although studies have compared the effects of inositol 

and metformin on IR in women with PCOS, there is a lack 

of research on the effect of combinatory therapy. It has 

been found that both inositol and metformin significantly 

improve insulin sensitivity in women with PCOS [16,17]. It 

is hypothesized that a combination of these two therapies 

will result in improved insulin sensitivity and a decrease in 

the LH:FSH ratio in patients with PCOS compared to each 

therapy alone. Furthermore, this study provides insights on 

clinical management of PCOS to improve quality care and 

health outcomes of women with PCOS. 

 

Methods 

Participants 

The study is a double-blinded, randomized controlled 

trial that examines 60 insulin resistant women (30 ± 10 

years, BMI of ≥ 25 kg/m²) diagnosed with PCOS according 

to the Rotterdam criteria. The following exclusion criteria 

are applied to the selection of participants: history of other 

endocrine disorders, including Cushing's syndrome, 

congenital adrenal hyperplasia, and thyroid dysfunction; 

history of diabetes, liver or kidney disease, or 

cardiovascular disease; patients currently taking 

medications that affect glucose metabolism or hormonal 

balance, including oral contraceptives and glucocorticoids; 

patients who are pregnant or breastfeeding; history of 

alcohol or drug abuse; and history of bariatric surgery. 

 

Protocol 

Participants are randomized to one of the following 

treatments: metformin (MET), inositol (INO), combined 

metformin and inositol (MET-INO) or placebo-control 

(CON). The study is conducted over a six-month period, 

during which the participants are screened for baseline 

measurements on day 0, followed by assessments at day 84 

and day 168. The assessments include BMI (kg/m²), 

LH:FSH ratio, and the Homeostatic Model Assessment of 

Insulin Resistance (HOMA-IR). BMI of participants is 

measured by taking the precise weight and height 

measurements at assessment timepoints, the LH:FSH ratio 

is assessed by analyzing blood samples obtained from the 

participants. HOMA-IR is assessed by analyzing blood 

samples that measure the participants’ fasting insulin and 

blood glucose. In addition, adherence to treatment is 

completed by participants using the Medication Adherence 

Rating Scale (MARS) at assessments stages. 

 

Oral Administration 

Participants randomized to intervention groups are 

instructed to take their respective tablets once daily with 

their evening meal for the duration of six-months. 

Participants randomized to receive MET are instructed to 

take two 500 mg tablets of metformin from the brand 

Glucophage. Participants randomized to INO are instructed 

to take two 2000 mg tablets of MI from the brand Organika. 

Participants randomized to MET-INO are instructed to take 

one 1000 mg tablet of metformin from the brand 

Glucophage and one 4000 mg of MI from the brand 

Organika. Participants randomized to CON are instructed to 

take two placebo starch tablets (Figure 1). 

As part of the study protocol, all participants are 

instructed not to make any significant changes to their 

lifestyle such as physical activity, exercise programs or 

diets during the six-month study period. They are instructed 

not to begin any new medications or supplements, except 

for those provided by the study unless directed by health 

practitioner. During the initial screening, participants are 

informed of potential side effects and are instructed to 

report any adverse reactions to the research team 

immediately. Additionally, they are advised to consult with 

their healthcare practitioner for any issues related to other 

medications or treatments they are undergoing. 
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Figure 1. Flow chart of research protocol. Abbreviations used: MET (metformin treatment), INO (inositol treatment), MET-

INO (combined metformin and inositol treatment), CON (placebo-control), OD (once daily), MARS (Medication Adherence 

Rating Scale), ANOVA (Analysis of Variance), ITT (Intention to Treat Analysis). Figure was created using the online design 

software Canva. 

 

Statistical Analysis 

Calculated values included BMI and HOMA-IR: BMI 

= mass (kg) / height² (m²); HOMA-IR = [(glucose in mg/dL 

× 0.05551) × insulin in μU/mL]/22.5. Multivariable 

analysis of variance (ANOVA) is used to identify 

statistically significant differences between pre- and post-

intervention measurements for the assessed outcomes. An 

intention to treat analysis is conducted, and any missing 

data is accounted for using multiple imputations. Post-hoc 

tests are performed where necessary, and statistical 

significance is determined at a level of p<0.05. 

 

Results 

The combination of MI and metformin has not been 

extensively studied, but it is hypothesized that the 

combination therapy will result in significant improvements 

in insulin sensitivity compared to either treatment alone. 

The study aims to evaluate the effects of MI, metformin, 

and the combination therapy on BMI, LH:FSH ratio, and 

HOMA-IR values in women with PCOS. It is expected that 

all three intervention groups will demonstrate improved 

insulin sensitivity, with the combination therapy resulting 

in the greatest improvement. 

The study includes 60 women who meet selection 

criteria, and an intention to treat analysis is conducted. As 

the research protocol is designed to avoid substantial 

lifestyle changes, the expected rate of dropouts is estimated 

to be about 15%. It is anticipated that most participants 

would report 20 or above on the MARS questionnaire, 

indicating well adherence to the study protocol. To ensure 

an even distribution of participants across the four groups, a 

randomization process is used to assign 15 participants to 

each group (MET, INO, MET-INO and CON). 

 

MET: 

In MET, there is anticipated improvement in insulin 

sensitivity, leading to a reduction in BMI, LH:FSH ratio, 

and HOMA-IR. It is expected that MET will experience a 

decrease in BMI by 2-3%, a decrease in LH:FSH ratio by 

20-30%, and a decrease in HOMA-IR by 0.5-1.5 after the 

six-month period. 

 

INO: 

In INO, a significant improvement in insulin sensitivity 

is anticipated, leading to a decrease in BMI, LH:FSH ratio, 

and HOMA-IR. It is expected that INO will experience a 

decrease in BMI by 1-2%, a decrease in LH:FSH ratio by 

10-20%, and a decrease in HOMA-IR by 0.2-0.4 after the 

six-month period. 

 

MET-INO: 

In MET-INO, a significant improvement in insulin 

sensitivity compared to the groups receiving either 

treatment alone is anticipated. It is expected that MET-INO 

will experience a decrease in BMI by 3-4%, a decrease in 

LH:FSH ratio by 30-40%, and a decrease in HOMA-IR by 

1-1.5 after the six-month period. 

 

CON: 

In CON, it is expected that there will be little to no 

improvement in insulin sensitivity, BMI, LH:FSH ratio, or 

HOMA-IR values. 
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Discussion 

PCOS is a multifaceted endocrinological condition that 

is managed with symptom management therapies. A key 

goal of these treatments is to improve insulin sensitivity, 

which can help regulate menstrual cycles, ovulation, reduce 

excess androgen levels and lower BMI. In this study, the 

objectives are to evaluate the effects of MI, metformin, and 

a combination therapy of MI and metformin on BMI, 

LH:FSH ratio, and HOMA-IR values in women with 

PCOS. It is expected that the MET-INO group will 

demonstrate a significant improvement in insulin sensitivity 

compared to the groups receiving either metformin or 

inositol treatment alone. 

Metformin is a commonly used pharmaceutical 

therapy to improve the insulin sensitivity by increasing the 

efficiency of glucose uptake and utilization in peripheral 

tissues [12]. Metformin is frequently prescribed to women 

with PCOS as it has been associated with various positive 

effects, such as improving ovulation, decreasing body 

weight, lowering circulating excess androgen levels, and 

decreasing the risk of gestational diabetes mellitus [39]. 

Metformin has shown to reduce IR by suppressing glucose 

production in the liver and increasing gastrointestinal 

glucose absorption [12]. It prevents the production of 

glucagon, and inhibits certain mitochondrial complexes in 

hepatocytes, thereby preventing gluconeogenesis [12,18]. 

However, metformin has also been linked with severe 

gastrointestinal adverse effects, which can result in 

medication cessation [43]. To minimize adverse effects, a 

gradual increase in dosage, initially at 500 mg per day to a 

median of 1500 mg is recommended [39]. Metformin 

should be taken with meals to lessen the possibility of 

stomach or intestinal adverse effects during the first few 

weeks of therapy [41]. Studies have shown that women 

with PCOS who were treated with metformin for six 

months experienced a significant reduction in BMI [17]. It 

is anticipated that MET will experience a decrease in BMI 

by 2-3%. While metformin is generally associated with a 

modest reduction in BMI in women with PCOS [21], some 

studies have yielded inconclusive findings on its effect on 

BMI, though potential beneficial effects have been 

suggested in women with PCOS [22]. Metformin has also 

been shown to reduce the LH:FSH ratio in women with 

PCOS by improving insulin sensitivity. This effect is likely 

due to the ability of metformin to reduce IR, which in turn 

can lead to a reduction in androgen levels and an 

improvement in ovarian function [29]. This is consistent 

with studies that have found metformin to reduce LH 

levels in women with PCOS [28,29], with one study 

reporting a 23% decrease in LH levels [22]. As such, it is 

anticipated that MET will experience a decrease in 

LH:FSH ratio by 20-30%. Lastly, it is expected that 

metformin will lead to a decrease in HOMA-IR by 0.5-1.5. 

A systematic review and meta-analysis of randomized 

controlled trials showed that metformin significantly 

decreased HOMA-IR in women with PCOS [40], which is 

consistent with the anticipated reduction of HOMA-IR in 

metformin-treated patients. 

MI and DCI are inositol isomers that have been 

evaluated to improve insulin sensitivity, enhance ovarian 

function, and decrease excess androgen levels in PCOS 

[14,23]. Women with PCOS have an altered inositol 

metabolism, which may contribute to the development of 

IR and other symptoms of the disorder [23]. Studies on the 

effectiveness of each compound on LH:FSH ratio 

regulation and insulin sensitivity have shown that MI yields 

the most significant improvements in women with PCOS 

due to its increased affinity to insulin-regulated glucose 

transporters, known as GLUT-4 transporters [19]. MI 

stimulates the translocation of these transporters to the cell 

membrane, thus improving IR [16]. Additionally, MI can 

regulate FSH signaling by reducing circulating androgen 

levels in the blood and increasing the sensitivity of the 

ovaries to gonadotropins LH and FSH [15]. Furthermore, 

MI is generally considered safe and well-tolerated, with few 

mild gastrointestinal adverse effects reported, such as 

nausea, bloating, and diarrhea [23,30]. The recommended 

dosage of MI varies by individual, but a baseline of 2000-

4000 mg per day for at least 12 weeks is suggested to 

improve IR and other clinical symptoms of PCOS 

[16,25,26]. Several studies have shown that MI can 

influence BMI in women with PCOS [23,24]. A meta-

analysis indicated that inositol supplementation was 

associated with a significant decrease in BMI [19]. 

Therefore, it is expected that INO will experience a 

decrease in BMI by 1-2%. A decrease in LH:FSH ratio by 

10-20% is also expected in INO. While some studies have 

not found significant effects of MI on LH levels in women 

with PCOS [30,31], other studies have suggested that MI 

may have a beneficial effect on LH levels [19,32]. One 

study found that MI supplementation led to a significant 

reduction in LH levels in women with PCOS [42], and a 

randomized controlled trial reported a significant decrease 

in LH:FSH ratio in women with PCOS after 12 weeks of 

MI supplementation [24]. MI has also been found to 

improve HOMA-IR in women with PCOS [23,25]. It is 

expected that INO will experience a decrease in HOMA-IR 

by 0.2-0.4 after the six-month period. It has been found that 

MI significantly improves HOMA-IR in women with PCOS 

[19]. In addition, women with PCOS who were treated with 

MI experienced a significant improvement in glucose 

tolerance [35]. Overall, MI appears to be a promising 

therapy for improving insulin sensitivity, LH:FSH ratio, 

and BMI in women with PCOS. 

Although several studies have compared the effects of 

MI and metformin on IR in women with PCOS, there is 

limited research on the effects of combinatory therapy. It is 

anticipated that the combination of metformin and MI will 

result in a significant decrease in BMI by 3-4%. A study 

that investigated the effects of combining MI and 

metformin in overweight women with PCOS found that 

participants who received both MI and metformin had an 
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average reduction of 4% in BMI compared to the other 

groups [35]. Moreover, it is expected that MET-INO will 

lead to a substantial decrease in the ratio of LH:FSH by 30-

40%. The combination therapy of MI and metformin has 

been shown to significantly impact LH levels in women 

with PCOS, with some studies suggesting that the 

combination therapy may be more effective in reducing LH 

levels than MI alone [33]. These findings suggest that 

combination therapy of MI and metformin may offer an 

effective treatment option for improving LH levels in 

women with PCOS. Finally, it is anticipated that MET-INO 

will lead to a significant improvement in IR, with a 

decrease in HOMA-IR by 1-1.5 after a six-month period. 

Research has shown that the combination therapy of MI and 

metformin leads to a significant improvement in HOMA-IR 

compared to either treatment alone in women with PCOS 

[35]. Overall, studies suggest that both metformin and MI 

can improve IR in women with PCOS, and combination 

therapy may offer a more effective treatment option for 

improving IR in these patients. 

Although this study provides valuable insights into the 

efficacy of metformin and MI, it is important to 

acknowledge its limitations and strengths. A limitation of 

this study is the small sample size of participants given the 

challenges of recruiting women diagnosed with PCOS, 

however, it is important to note that having a smaller 

sample size is acceptable in studies that involve rare 

conditions, such as PCOS, and given the feasibility and 

resource constraints. Additionally, this study focuses on the 

short-term effects of PCOS treatments for IR. The long-

term effects of the combined treatment approach were not 

assessed, and future studies should investigate the effects of 

each treatment over time and their tolerability. A strength 

of this study is the avoidance of substantial lifestyle 

changes in the research protocol. Participants were given a 

MARS questionnaire to complete at assessment stages. It 

consists of five items, each scored on a five-point Likert 

scale, with a total score range of 5 to 25. Because of the 

protocol design, it is anticipated that most participants 

would report 20 or above on the scale, indicating well 

adherence. This study provides insight on the efficacy of 

alternative therapies for IR in women with PCOS beyond 

the conventional pharmacological treatments. The findings 

of this study can offer valuable information to clinicians 

regarding disease management and treatment options. 

 

Conclusions 

In this study, the effects of metformin, MI, and a 

combination therapy of metformin and MI on BMI, 

LH:FSH ratio, and HOMA-IR values in women with PCOS 

were evaluated. The combination therapy of metformin and 

MI is anticipated to be more effective in improving insulin 

sensitivity than either treatment alone. These findings have 

important implications for patients and clinicians managing 

PCOS and suggest that the combination therapy of 

metformin and MI may offer a more effective treatment 

option for improving insulin sensitivity in women with 

PCOS. Future research should investigate the effectiveness 

of the combination therapy in larger and diverse 

populations. It is also important to assess the long-term 

effects and impact of these treatments on other aspects of 

PCOS, such as fertility and cardiovascular risk factors. 
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