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ABSTRACT  

Background: Insulin resistance is a key factor in the pathophysiology of PCOS and is associated 

with various metabolic complications, including type II diabetes, obesity, and cardiovascular 

diseases.   

Objective:  The objective of this study is to evaluate effectiveness of multimodal treatment for 

managing insulin resistance in patients with Polycystic Ovarian Syndrome 

Methodology: It is a randomized control study conducted at Sandeman Provincial Hospital Quetta 

from 1st May 2023 to 30th April 2024. 100 participants received tablet Metformin 500mg thrice a day 

along with a low calorie diet and exercise plan. Participant were treated for 3 months and their BMI, 

caloric intake, serum FSH, LH, testosterone, fasting blood glucose and fasting insulin levels were 

measured. The data analysis was conducted using the Statistical Package for Social Sciences version 

24.00. The p value of ≤ 0.5 was considered significant. 

Result:  The average age of participants was 26.78±6.54years. There was reduction in BMI from 

30.13±5.41 to 26.2±2.9, Homeostasis Model Assessment of Insulin Resistance decreased 

significantly from 4.2±0.8 to 2.1±0.5, with FSH increasing from 5.1±1.7U/L to 7.9±2.8U/L(P = 0.02) 

and LH decreasing from 9.2±5.5U/L to 6.5±1.7U/L(P= 0.02), indicating improved ovarian function 

and hormonal balance. Total testosterone levels also decreased from 76.3±12.4 pg/ml to 

63.8±9.7pg/ml. menstrual regularity and ovulation restoration was observed in 71% and 59% of 

participants respectively.   

Conclusion: Comprehensive management strategies integrating dietary adjustments, regular physical 

activity, and pharmacological treatment are foundational in enhancing insulin sensitivity and 

mitigating risks such as menstrual irregularities and hyper-androgenism in patients with Polycystic 

Ovarian Syndrome.  

 

Keywords: Poly-cystic Ovarian Syndrome, PCOS, Insulin Resistance, Lifestyle Modification, Lipid 

Profile. 

 

INTRODUCTION  
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Polycystic Ovarian Syndrome (PCOS) is a complex, multifaceted endocrine disorder that affects a 

significant proportion of women of reproductive age worldwide. The prevalence of polycystic ovary 

syndrome (PCOS) is estimated to be between 4%-20% of women of reproductive age worldwide, 

with a pooled mean prevalence of 21.27% using different diagnostic criteria [1]. It is a disease that is 

most common in females aged 12-25 years with a combination of symptoms and clinical signs, 

including menstrual irregularities, hyper-androgenism, and polycystic ovaries [2].  75% of women 

with polycystic ovary syndrome suffer infertility due to anovulation [3]. Research indicates that 

women who have PCOS are at increased risk for spontaneous abortions due to ovarian hyper-

stimulation syndrome, gestational diabetes; pregnancy-induced hypertension (PIH); pre-term 

delivery [4]. Insulin resistance (IR) is common among many patients with this gynaecological 

disorder. The result of this condition is high levels of glucose circulating in the blood due to impaired 

cellular response to insulin.  

The pathophysiology of PCOS involves a key role for insulin resistance. Specifically, insulin 

resistance was observed in up to 60.7% and 24.5% of women diagnosed with polycystic ovary 

syndrome (PCOS) when using HOMA-IR cutoffs of 1.82 and 3.16 respectively [5]. It has been found 

that studies show that being obese puts you at risk of developing insulin resistance. According to 

Sharif et al., a randomized control study notes a remarkable increase in the occurrence rate of insulin 

resistance among overweight polycystic ovary syndrome cases compared with those with healthy 

body weights (2.47 ± 0.40 vs 2.30 ± 0.43) [6]. Nonetheless, the exact underlying mechanisms for 

PCOS-induced IR are complex and multi-factorial. 

Research has been done suggesting that insulin resistance in PCOS may be genetic. Different genetic 

polymorphisms that are connected to insulin signaling pathways like changes in the gene of insulin 

receptor and other genes influencing glucose metabolism have been found to increase insulin 

resistance in PCOS patients [7].  RP11-151A6.4 is a hub lncRNA that has been associated with insulin 

resistance, androgen excess and adipose dysfunction in women with polycystic ovary syndrome [8]. 

Gut microbiota disbiosis can as well result in insulin resistance, which is majorly associated with 

Polycystic Ovary Syndrome onset. Inflammation markers like TNF-α, IL-6 and CRP are elevated in 

females having PCOS at times. Therefore, persistent low level internal inflammation due to these 

reasons may interfere with the signaling of insulin leading to less sensitivity towards it thereby 

increasing possibilities of acquiring diabetes. [9].  

It can be difficult to diagnose insulin resistance in patients with PCOS because there are no 

standardized diagnostic criteria. This condition can be accurately assessed through standard methods 

like the Quantitative Insulin Sensitivity Check Index (QUICKI), the Matsuda index, and the 

Homeostasis Model Assessment of insulin resistance (HOMA-IR). These diagnostic tests are 

considered sensitive but imperfect since they show overlap along the detection threshold. In the 

diagnosis of insulin resistance, euglycemic hyper-insulinemic clamp technique still stands as the 

golden standard [10].  Alleviating symptoms of insulin resistance through dietary and 

pharmacological modifications is important in warding off chronic complications like type II diabetes 

and cardiovascular diseases. Management of insulin resistance normally involves a low glycemic 

index diet, resistance training exercises and the use of drugs have led to significant improvements; 

they include metformin, pioglitazone and rosiglitazone.. Moreover, myo-Inositol and D-chiro-

Inositol have shown promising results in managing PCOS symptoms, including menstrual 

irregularities and ovulatory dysfunction [11]. 

There are certain gaps in the literature. Different studies often use different criteria, such as the 

Rotterdam criteria, NIH criteria, or Androgen Excess and PCOS Society criteria, leading to 

inconsistent results and making it challenging to compare findings across studies. Most studies on 

insulin resistance in PCOS are cross-sectional, providing a snapshot in time rather than long-term 

insights [12]. While genetic predisposition is recognized as a factor in insulin resistance in PCOS, 

there is limited research on specific genetic and epigenetic mechanisms. There is a lack of 

comprehensive data on how insulin resistance in PCOS varies among different ethnic and racial 

groups. Most studies are conducted on Caucasian populations, with insufficient data on other 

ethnicities, which may have different genetic, lifestyle, and environmental influences on insulin 
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resistance [13].There is a need for more robust clinical trials comparing the efficacy and safety of 

different pharmacological treatments for insulin resistance in PCOS, including newer medications 

like GLP-1 receptor agonists and inositol. 

The primary objective of this study is to evaluate effectiveness of a multimodal treatment strategy for 

managing insulin resistance in patients with Polycystic Ovarian Syndrome (PCOS).  It uses a 

comprehensive approach that includes metformin, a healthy diet, and regular exercise. By assessing 

this approach, the study seeks to determine the improvements in insulin sensitivity and overall 

metabolic health in PCOS patients after treatment.   

 

METHODOLOGY  

It is a multicenter randomized control study conducted at Sandeman Provincial Hospital Quetta from 

1st May 2023 to 30th April 2024. Female patients aged 18 years or above with confirmed diagnosis of 

PCOS based on the Rotterdam criteria, clinical evidence of insulin resistance defined by elevated 

fasting insulin levels and Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) score 

>2.5 were included in this study. Participants known endocrine disorders such as thyroid dysfunction, 

adrenal hyperplasia, Cushing's syndrome were excluded from this study. In addition, participants with 

type 1 or type 2 diabetes mellitus, pregnant or lactating mothers, history of taking hormonal therapy 

(e.g., oral contraceptives, anti-androgens) within the last three months and patients with known 

allergies or intolerance to any medications or interventions used in the study were also excluded. 

After screening, 107 women were selected for inclusion in this study with 7 cases lost in follow up. 

The participants received tablet Metformin 500mg thrice a day along with a diet plan by the dietician 

& exercise plan made by the physiotherapist. A low calorie diet plan was designed for both groups 

with < 450 calories than the regular meal taken by the participant. Similarly, an individualized 

exercise plan was designed for participants with mix of endurance, aerobic and weight training 

according individual capacity and preferences. 

The demographic data including age, BMI, history of diabetes in family was collected. Each 

participant was kept under observation for 3 months and their BMI, caloric intake, serum FSH, LH, 

testosterone, fasting blood glucose and fasting insulin levels were measured at the time of enrollment 

and after 3 months of treatment. The results were compared to determine the effects of treatment.  

The data analysis was conducted using the Statistical Package for Social Sciences (SPSS) version 

24.00. For quantitative variables, the calculations were mean and standard deviation; for qualitative 

variables like age, the calculations were frequencies and percentages. The p value of ≤ 0.5 was 

considered significant.  

 

RESULT 

The study compared the effectiveness of different interventions on metabolic parameters in women 

with polycystic ovarian syndrome (PCOS). The average age of participants was 26.78 years (±6.54), 

indicative of a younger adult population under study. Body Mass Index (BMI) averaged at 30.13 

(±5.41), suggesting a cohort where weight management could be a significant factor in health 

outcomes. Daily caloric intake, was recorded at 2210 kcal (±399), reflecting dietary habits within the 

studied group. Fasting insulin levels was measured to be 15.4 ±3.2µU/mL. Fasting blood glucose 

levels averaged 117.6 mg/dL (±8.2). The Homeostasis Model Assessment of Insulin Resistance 

(HOMA-IR) score was noted at 4.2 (±0.8), further corroborating the presence of insulin resistance in 

the studied population. Hormonal markers included Follicle-Stimulating Hormone (FSH) at 5.1 U/L 

(±1.7) and Luteinizing Hormone (LH) at 9.2 U/L (±5.5). Total testosterone levels measured 76.3 ng/dl 

(±12.4), indicating potential hyperandrogenism. (Table 1, Figure 1). 

The post-treatment outcomes following a regimen of metformin, dietary modification, and exercise 

reveal significant improvements across various metabolic and hormonal parameters in the studied 

cohort. Participants experienced a notable reduction in BMI from 30.13 (±5.41) to 26.2 (±2.9) with a 

corresponding P value of 0.03. Caloric intake over a 24-hour period also showed a trend towards 

improvement, decreasing from 2210 kcal (±399) to 1500 kcal (±210), The Homeostasis Model 

Assessment of Insulin Resistance (HOMA-IR), decreased significantly from 4.2 (±0.8) to 2.1 (±0.5) 
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with a P value of 0.02, reflecting improved insulin sensitivity in response to treatment. Similarly, 

fasting insulin levels dropped from 15.4 µU/mL (±3.2) to 10.2 µU/mL (±2.0) (P value = 0.01), 

indicating reduced insulin secretion after intervention. Fasting blood glucose levels also improved, 

decreasing from 117.6 mg/dL (±8.2) to 96.4 mg/dL (±5.6) (P value = 0.04), suggesting enhanced 

glucose control. 

Hormonal markers such as FSH and LH levels showed significant changes, with FSH increasing from 

5.1 U/L (±1.7) to 7.9 U/L (±2.8) (P value = 0.02) and LH decreasing from 9.2 U/L (±5.5) to 6.5 U/L 

(±1.7) (P value = 0.02), indicating improved ovarian function and hormonal balance. Total 

testosterone levels also decreased from 76.3 pg/ml (±12.4) to 63.8 pg/ml (±9.7) (P value = 0.01), 

indicating reduced hyperandrogenism. Furthermore, improvements in metabolic health were evident 

with fasting triglyceride levels decreasing from 135.7 mg/dL (±16.1) to a statistically significant level 

(P value = 0.02). Menstrual regularity and ovulation restoration also showed substantial 

improvements, with 71% and 59% of participants respectively reporting enhanced outcomes 

following treatment (both P values = 0.01). (Table 2, Figure 2) 

 

Table 1: Pre-treatment assessment of different parameters 

Parameter Result  

Age (years) 26.78±6.54 

BMI 30.13±5.41 

Caloric intake in 24 hour  2210 ± 399 

Fasting Insulin (µU/mL) 15.4 ± 3.2 

Fasting blood glucose level  117.6±8.2 

Homeostasis Model Assessment of Insulin 

Resistance (HOMA-IR) Score 

4.2±0.8 

FSH U/L 5.1±1.7   

LH U/L 9.2±5.5  

Total Testosterone levels ng/dl 76.3 ± 12.4 

Fasting Triglycerides (mg/dL) 162.5 ± 18.3 

 

 
Figure 1: Comparison of different parameters in study population 
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Table 2: Post-treatment assessment of different parameters 

Parameter Post treatment outcome 

(metformin+ dietary 

modification+ exercise)  

P value  

BMI 26.2±2.9 0.03 

Caloric intake in 24 hour  1500 ±210 0.07 

HOMA-IR (Insulin Resistance Index 2.1± 0.5  0.02 

Fasting Insulin (µU/mL) 10.2±2.0 0.01 

Fasting blood glucose level   96.4 ± 5.6 0.04 

FSH U/L  7.9± 2.8 0.02 

LH U/L 6.5±1.7 0.02 

Total Testosterone levels ng/dl  63.8 ± 9.7 0.01 

Fasting Triglycerides (mg/dL) 135.7 ± 16.1 0.02 

Menstrual Regularity (Improved %) 71% 0.01 

Ovulation Restoration (Improved %) 59% 0.01 

 

 
Figure 2: Comparison of post treatment hormonal profile in study population 

 

DISCUSSION 

Insulin resistance is a common metabolic feature of Polycystic Ovarian Syndrome (PCOS). 

Therefore, understanding and addressing insulin resistance are crucial in the comprehensive 

management of PCOS. It will help not only in alleviating alleviate symptoms but also in reducing 

long-term health risks associated with metabolic disturbances and hormonal imbalances [14]. 
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conducted by Deshmukh et al which noticed a 10.9% weight reduction in the group taking very low 

caloric diet (p < 0.0001) with a reduction of 32.3% in free androgen index (FAI) [15]. Similarly, 

another study with a 6-month diet and exercise program has revealed an improvement in menstrual 

cycle irregularities, BMI, waist circumference, total cholesterol, and low-density lipoprotein 

cholesterol levels in women with polycystic ovary syndrome [16]. It significantly resonates with this 

study which noticed a significant decrease in fasting triglyceride levels decreasing from 162.5 ± 18.3 

to 135.7±16.1 mg/dL after 3 months of dietary and lifestyle modification. The significant reduction 
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in HOMA-IR score further sheds light on the role of multifaceted approach in improving insulin 

sensitivity. 

Moreover, metformin combined with dietary and lifestyle modification plays a vital role in managing 

insulin resistance by improving hormonal profile. The study conducted by Jungari et al has found a 

significant decrease in follicle-stimulating hormone, luteinizing hormone, and fasting insulin levels 

with 91% improvement in menstrual cycle regularity and 86% reduction in volume, theca, and 

appearance of polycystic ovaries on ultrasound of women [17]. Meanwhile, in this study Menstrual 

regularity and ovulation restoration showed substantial improvements in  71% and 59% of 

participants respectively with FSH increasing from 5.1 U/L (±1.7) to 7.9 U/L (±2.8) (P value = 0.02) 

and LH decreasing from 9.2 U/L (±5.5) to 6.5 U/L (±1.7) (P value = 0.02), indicating improved 

ovarian function and hormonal balance. These findings suggest that incorporating exercise into the 

treatment regimen may provide additional benefits in managing metabolic and hormonal 

dysregulation associated with PCOS [18]. The research indicates that a holistic approach to treatment 

involving the intake of metformin, diet adjustments, and exercising had a significant effect on various 

metabolic parameters, hormonal equilibrium, reproductive health outcomes among others. This 

shows that multifaceted interventions are crucial in managing PCOS condition in order to lower the 

risk of other illnesses while enhancing. 

In clinical practice and public health initiatives, this study gives important insights and strategies that 

can be applied effectively. This research paper is trying to show that it is very important for the 

medicine care providers and public health authorities to always keep track of insulin sensitivity 

markers such as fasting glucose, and insulin levels, then make changes on how they manage them 

depending on different issues [19]. Themes for further inquiry that may be pursued include studying 

innovative treatments (e.g., nutraceuticals, anti-inflammatory agents) and determining the ultimate 

outcomes associated with particular present therapy methods. Hence, there are campaigns focusing 

on the significance of early detection, regular testing, as well as lifestyle changes designed to reduce 

long-term health harm caused by PCOS.   

Some shortcomings of this study include its small sample size and brief time frame that may restrict 

the applicability of its findings. Additionally, the research depends on people reporting what they did 

using lifestyle changes or taking drugs as prescribed; these ways might not represent exact adherence 

behaviors.  This study was conducted in resource-limited settings and face challenges in accessing 

advanced diagnostic tools impacting the implementation and generalizability of findings.  

 

CONCLUSION 

It is critical to adopt dietary modifications, regular exercise, and drug management as an important 

part of managing high insulin resistance in women suffering from polycystic ovarian syndrome 

(PCOS) since these can help increase sensibility of insulin as well as reduce the risks related to this 

condition such as menopause disturbances or too much male hormones (hyper-androgens. Overall, a 

multifaceted approach tailored to individual patient needs is critical in optimizing outcomes and 

reducing long-term metabolic and cardiovascular complications associated with PCOS. 

 

Author’s Contribution: All the authors have read and agreed to the findings of the manuscript  

Conflict of Interest: None  

Funding: None  

 

REFERENCES 

1. Niksima S, Odel N, Khaki S, Gheshlagh R, Fallahi A et al. Prevalence of metabolic syndrome 

among Iranian women with polycystic ovary syndrome: A systematic review and meta-analysis. 

Diabetes Metab Syndr. 2019; 13(3):1911-1915. https://doi.org/10.1016/J.DSX.2019.03.026. 

2. Bilal M, Khadija S, Arshad N, Saleem S. Among The Largest Population Which Age Group is 

the Most Having Polycystic Ovarian Syndrome. Saudi J Med. 2022. 

https://doi.org/10.36348/sjm.2022.v07i01.007. 

 

https://jptcp.com/index.php/jptcp/issue/view/79


Dealing With Insulin Resistance Among Polycystic Ovarian Syndrome Patient 

 

Vol.31 No. 6 (2024) JPTCP (3159-3165)  Page | 3165 

3. Costello M, Misso M, Balen A, Boyle J, Devoto L, et al. A brief update on the evidence 

supporting the treatment of infertility in polycystic ovary syndrome. Aust N Z J Obstet Gynaecol. 

2019. https://doi.org/10.1111/ajo.13051. 

4. Sha T, Wang X, Cheng W, Yan Y. A meta-analysis of pregnancy-related outcomes and 

complications in women with polycystic ovary syndrome undergoing IVF. Reprod Biomed 

Online. 2019. https://doi.org/10.1016/J.RBMO.2019.03.203. 

5. Kim J, Hwang K, Oh S, Chae S, Yoon S, Choi Y. Prevalence of insulin resistance in Korean 

women with polycystic ovary syndrome according to various homeostasis model assessment for 

insulin resistance cutoff values. Fertil Steril. 2019. 

https://doi.org/10.1016/j.fertnstert.2019.06.035. 

6. Sharif Y. Serum leptin level-insulin resistance-based correlation in polycystic ovary syndrome 

obese and non-obese sufferer female. J Popul Ther Clin Pharmacol. 2022;29(2):e11-e19. 

https://doi.org/10.47750/jptcp.2022.916. 

7. Yang Y, Zhou W, Wu S, Tang W, Wang Z, et al. Intestinal flora is a key factor in insulin 

resistance and contributes to the development of polycystic ovary syndrome. Endocrinology. 

2021;162. https://doi.org/10.1210/endocr/bqab118. 

8. Zhao J, Huang J, Geng X, Chu W, Li S, et al. Polycystic ovary syndrome: Novel and hub 

lncRNAs in the insulin resistance-associated lncRNA–mRNA network. Front Genet. 2019;10. 

https://doi.org/10.3389/fgene.2019.00772. 

9. Rimmer M, Tan B, Teede H, Thangaratinam S, Wattar B. Metabolic inflexibility in women with 

polycystic ovary syndrome: A systematic review. Gynecol Endocrinol. 2019;36:501-507. 

https://doi.org/10.1080/09513590.2019.1698025. 

10. Biernacka-Bartnik A, Kocełak P, Owczarek A, Choręza P, Markuszewski L, et al. The cut-off 

value for HOMA-IR discriminating the insulin resistance based on the SHBG level in women 

with polycystic ovary syndrome. Front Med. 2023;10. 

https://doi.org/10.3389/fmed.2023.1100547. 

11. Moghetti P, Tosi F. Insulin resistance and PCOS: chicken or egg?. J Endocrinol Invest. 

2021;44(2):233-244. 

12. Xu Y, Qiao J. Association of insulin resistance and elevated androgen levels with polycystic 

ovarian syndrome (PCOS): A review of literature. J Healthc Eng. 2022;2022(1):9240569. 

13. Amisi CA. Markers of insulin resistance in Polycystic ovary syndrome women: An update. 

World J Diabetes. 2022;13(3):129. 

14. Shang Y, Zhou H, Hu M, Feng H. Effect of diet on insulin resistance in polycystic ovary 

syndrome. J Clin Endocrinol Metab. 2020;105(10):3346-3360. 

15. Deshmukh H, Papageorgiou M, Wells L, Akbar S, Strudwick T, et al. The effect of a very-low-

calorie diet (VLCD) vs. a moderate energy deficit diet in obese women with polycystic ovary 

syndrome (PCOS)—A randomised controlled trial. Nutrients. 2023;15. 

https://doi.org/10.3390/nu15183872. 

16. Khalil N, Farahat T, Shaheen H, Fathey A, Mohammed A, Alkalash S et al. Effect of diet and 

exercise program on clinical and metabolic features of polycystic ovarian syndrome. Menoufia 

Med J. 2022;35:1162-1169. https://doi.org/10.4103/mmj.mmj_181_22. 

17. Jungari M, Choudhary A, Gill N. Comprehensive management of polycystic ovary syndrome: 

Effect of pharmacotherapy, lifestyle modification, and enhanced adherence counseling. Cureus. 

2023;15. https://doi.org/10.7759/cureus.35415. 

18. Armanini D, Boscaro M, Bordin L, Sabbadin C. Controversies in the pathogenesis, diagnosis and 

treatment of PCOS: Focus on insulin resistance, inflammation, and hyperandrogenism. Int J Mol 

Sci. 2022;23(8):4110. https://doi.org/10.3390/ijms23084110. 

19. Purwar A, Nagpure S. Insulin resistance in polycystic ovarian syndrome. Cureus. 

2022;14(10):e153. 

 

https://jptcp.com/index.php/jptcp/issue/view/79

