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Objective: Regular physical activity wheels important interactive pathways linking energy balance, neuroendocrine function and 

hypothalamic pituitary ovarian axis. Consistent physical activities are known to improve insulin sensitivity which exerts its effects via 

adipokines. Purpose of the study is to determine insulin resistant status and the effect of brisk walking on the levels of adipocytokines in 

women with Polycystic ovarian syndrome. Design: Prospective study was conducted in infertile women in reproductive age group of 21 to 

40 years diagnosed as  polycystic ovarian syndrome according to Rotterdam’s criteria with irregular menstrual cycle but anxious to conceive. 

Methods: Study included 143 PCOS married women (as per Rotterdam’s criteria) and 110 married women as control with atleast one child 

through natural conception. Anthropometric measurements were documented Adiponectin and Resistin were analyzed. HOMA-IR and 

HOMA-adiponectin was calculated to assess insulin resistance. Follow-up task of 150 mins/week of physical activity of brisk walking of 

moderate intensity was advised for 12 weeks and status reassessed. Results: Hypoadiponectinemia and hyperesistinemia with elevated 

markers of insulin resistance (HOMA-IR and HOMA-adiponectin) was observed in 143 PCOS infertile women. The baseline data were 

compared with estimates after 12 weeks, it was found that adiponectin levels were increased with 4.75% of weight loss and decreased 

Resistin, HOMA-IR and HOMA-adiponectin was observed. Participants who met 150 mins/week of brisk walking revealed an increase in 

adiponectin levels with strongly positive correlation (r = 0.76) was observed with regression analysis of METs/week physical activity with 

adiponectin levels. Diagnostic sensitivity and specificity of Adiponectin at a cut-off value of 7.3 µg/ml with 150 mins/week of physical 

activity was found to be 93.8% and 82.1% respectively. Conclusion: Brisk walking of 150 mins/week had resulted in 4.75 % of weight 

reduction as well as increased Adiponectin levels. Beneficial Adiponectin facilitates ovulatory menstrual cycle and thereby the chance of 

ovulation is increased in PCOS women. 
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INTRODUCTION  

The most prevalent cause of ovulatory dysfunction and one that affects 5 to 10% of women of reproductive age is polycystic 

ovary syndrome1. PCOS is characterized by insulin resistance associated with metabolic features independent of body mass 

index. Insulin resistance is the key compulsive cause resulting in menstrual irregularity, ovulatory dysfunction, 

hyperandrogenism and polycystic ovaries 2. Lifestyle interventions are found to improve both metabolic and reproductive 

process. 

The endocrine system in adipose tissue is thought to be active, secreting a wide range of bioactive chemicals called 

adipocytokines. In fact adipocytokines are found to have its impact on the normal reproductive process. Evidences suggest that 

physical activity regulates the endocrine role of visceral adipose tissue and influences to improve insulin sensitivity even in the 

absence of weight loss 3. 

 

 

Adiponectin resistin ratio beneficial index of insulin
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Adiponectin, 16 kDa protein mainly produced by the adipose tissue has anti-inflammatory and cardio protective function with 

beneficial role over ovulatory mechanism and maintenance of normal reproductive process. Researchers have observed that in 

exercise trained individuals, increased adiponectin concentrations 4-6 and also m RNA expression for adiponectin receptors are 

enhanced 7. Also performing aerobic exercise three times per week had resulted in 3.5% reduction in weight and also favoured 

adiponectin m RNA gene expression 8. 

Resistin is a 12.5kDa, cysteine rich adipocytokine produced by the macrophages. High resistin levels were found in women 

with PCOS characterized by insulin resistance, hyperinsulinemia and hyperandogenism 9,10. 

Insulin resistance and hyperinsulinemia was observed to be characteristics findings in 30% non-obese PCOS and 70% obese 

PCOS women. Increased insulin levels results in increased theca cell steroid production with raised LH levels which have its 

effect on preovulatory follicles contributing to premature luteinization and follicular arrest11. 

Routine sequel of lifestyle modifications has proved to possess health benefits in all age groups. According to the International 

Androgen Excess and PCOS Society (AE-PCOS) physical activity of 150 mins per week of moderate intensity has been 

suggested to maintain healthy body quality, regularizes the menstrual cycle and favors increased ovulation rate, thereby 

increases the chance of pregnancy 12. Thus regular exercise alleviates insulin resistance and insulin dependent peripheral action 

is enhanced.    

The present study seeks to assess the impact of moderate physical activity on adipocytokines and insulin resistance in PCOS 

infertile women. The molecular relationship between insulin resistance plays a major pathogenic function in PCOS. 

 

METHODS 

In this prospective study 143 PCOS infertile women attending the infertility clinic enrolled for participation. Commencement 

of the study occurred after obtaining the Institutional ethical committee (IEC: No: 963/IEC/2016) and individual participant’s 

written informed consent for the follow-up study.  

Infertile women in reproductive age group of 21 to 40 years diagnosed as  polycystic ovarian syndrome according to 

Rotterdam’s criteria1 with irregular menstrual cycle but anxious to conceive are recruited for the follow-up  study.  

The infertile women with tubal defects or uterine anomaly, infection, not willing to participate and pregnant women were 

excluded. 

Initial evaluation as per the infertility clinic protocol was done by the Gynecologist. Proforma based details such as medical 

history, menstrual history and dietary history was documented.  During regular visit to infertility OPD, anthropometric 

measurements such as weight (kg), height (meter), waist circumference (cm), hip circumference (cm) measured and calculation 

of BMI and WHR were also documented. The initial evaluation includes the current exercise or activity program and physical 

activity was assessed with baseline Global Physical Activity questionnaire 13. 

After overnight fasting, blood samples were analyzed to check the routine protocol of hormonal parameters, insulin, 

adiponectin, leptin and resistin were analyzed with BIO-RAD equipment using ELISA technique with standardardised Human 

Adiponectin and Resistin Bio Vendor ELISA kits. HOMA-IR and HOMA-adiponectin was calculated. 

The following dimensions of the physical activity were advised for the participants: The mode of brisk walking was advised 

for 5 days a week with a specified time frame of 30 – 45 mins duration of physical activity was recommended. A goal of 150 

mins of brisk walking per week at an intensity of perceived exertion of 13 was advised as per Borg’s scale. Participants were 

advised to use Android mobile Health app to get the step count and duration of physical activity. The frequency and duration 

of physical activity were recorded in the physical activity monitor chart. The exercise volume was measured in terms of 

Metabolic Equivalents of task for moderate intensity brisk walking and calculated using a formula MET minutes = MET value 

of brisk walking at moderate pace (3.5) x duration of physical activity. The effectiveness of moderate exercise whether followed 

routinely was verified by checking the weight of the participants during their visit to Infertility clinic. Physical activity of 12 

weeks brisk walking was successfully completed by 56 participants. 
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At the end of 12 weeks during the regular visit, blood sample was drawn to re-evaluate Adiponectin, leptin, resistin and insulin 

levels after physical activity of moderate exercise. Adipocytokines, High fasting insulin levels (> 15 IU/mL), HOMA-IR 

computed using (Fasting insulin X FPG)/405, and HOMA-adiponectin calculated using HOMA-IR/adiponectin are all 

indicators of insulin resistance. 14. Further the participants’ undergone follow-up with follicular study for ovulation at 14 - 16th 

day of menstrual cycle.  

Statistical analysis was performed with SPSS version 16.0. The descriptive data are reported are reported as mean ± SD. 

Anthropometric and biochemical variables were compared between baseline and data’s after 12 weeks of physical activity with 

paired Student t test. The relationship between physical activity and variables were analyzed with regression analysis. Further 

the ROC analysis was used to assess the diagnostic effectiveness of HOMA-adiponectin as marker of insulin resistance.  

 

RESULT 

In this prospective study, 143 infertile women were diagnosed as PCOS as per Rotterdam’s criteria. As shown in table (1) 

anthropometric variables and adipocytokine levels were compared between healthy controls and PCOS. Mean adiponectin 

levels was decreased 6.29 ± 1.92 µg/ml and resistin levels was increased 28.04 ± 12.07 ng/ml in PCOS as compared to the 

controls which was statistical significant.  Markers of insulin resistance such as HOMA-IR and HOMA-adiponectin were 

increased and significant difference was observed as compared with controls. 

Table 1 : Comparison of anthropometric and biochemical variables in PCOS and control 

 

Anthropometric                    Control                          PCOS                    P value 

Indicators                              (n=110)                         (n=143) 

Age yrs                                25.7 ± 5.58                   23.91 ± 3.97                 0.047* 

Wt (kg)                                50.26 ± 4.24                   68.06 ± 6.28                 0.000*** 

Ht (mt2
 )                                 1.54 ± 0.04                   1.54 ± 0.037                 0.945 

BMI                                       21.08 ± 1.83                   27.3 ± 3.72                0.000*** 

WC (cm)                                8.41 ± 5.35                     92.34 ± 4.49               0.000*** 

HC (cm)                               95.43 ± 6.63                  104.65 ± 6.97                0.000*** 

WHR                                       0.82 ± 0.025                 0.85 ± 0.36                  0.000*** 

ADN (µg/ml)                         15.14 ± 2.03                  6.57 ± 1.86                  0.000*** 

RES (ng/ml)                            13.4 ± 3.6                  28.04 ± 12.07                0.000*** 

FPG (mg/dl)                          90.14 ± 6.62                102.1 ± 14.37                0.031* 

Insulin (mIU/ml)                     5.32 ± 1.27                16.57 ± 6.48                 0.000*** 

HOMA-IR                                1.18 ± 0.285                 4.16 ± 1.66                 0.000*** 

HOMA-a                                0.081 ± 0.028                 0.73 ± 0.48                0.000*** 
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Wt – weight, Ht – height, BMI – body mass index, WC – waist circumference, HC – hip 

circumference, WHR – waist hip ratio, ADN – Adiponectin, RES – Resistin, FPG – fasting plasma 

glucose, HOMA-a – HOMA-adiponectin 

In terms of mean and standard deviation, values are expressed. 

*p value less than 0.05 is regarded as significant. 

Not significant, or NS. ***Extremely Significant **Very Significant 

About 79 participants enrolled for further follow-up, out which only 56 women completed the physical activity of brisk walking 

of moderate intensity. As per table (2) anthropometric variables and adipocytokine levels were compared before and after 

physical activity of brisk walking. As compared to the initial mean weight, after 12 weeks of physical activity there observed a 

mean difference of 3 kg of weight loss which accounts to 4.75% of reduction of weight.  

TABLE 2: Comparison of anthropometric and Adipocytokine levels before and after 3 months moderate physical activity 

follow-up of PCOS infertile females 

[Comparison by paired Student’s t test - Paired Differences at 95% Confidence Interval] 

PCOS Infertile females                 Baseline                  After 3 mths of                p value 

(n=56)                                                                               brisk walking            

Wt (kg)                                       63.036 ± 6.01                  60.21 ± 7.3                     < 0.05* 

WC (cm)                                      88.22 ± 5.9                    87.68 ± 5.78                      NS 

PAI                                             38.068 ± 8.9                    55.32 ± 6.82                   0.0001*** 

Insulin mIU/ml                            15.04 ± 6.57                  13.19 ± 4.7                       0.001** 

ADN (μg/ml)                                  6.29 ± 1.92                      7.8 ± 1.22                     0.005** 

RES (ng/ml)                                 28.04 ± 12.07                22.94 ± 9.49                     0.001** 

HOMA-IR                                       3.84 ± 0.97                      3.2 ± 1.24                     0.003** 

HOMA-a                                         0.807 ± 0.78                0.572 ± 0.54                     0.002** 

Wt – weight, WC – waist circumference, PAI – Physical activity index score, ADN – Adiponectin, RES – Resistin, 

HOMA a – HOMA-adiponectin 

In terms of mean and standard deviation, values are expressed. 

*p value less than 0.05 is regarded as significant. 

Not significant, or NS. ***Extremely Significant **Very Significant 

Paired student t test revealed significant increase in adiponectin and decrease in resistin levels as compared to the baseline data. 

It was observed a 16.6% reduction of HOMA-IR and 29% of HOMA- adiponectin in the women who completed 12 weeks of 

physical activity (PA).  
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Furthermore, as per table (3) to assess the actual reduction of insulin resistant state the data’s were compared between the 

participants with 150 mins of physical activity and without 150 minutes per week of physical activity. Group A (20 participants) 

met 150 mins/wk of PA had 491.74 ± 42.67 of Metabolic Equivalents of Task minutes per week (METs /week). Whereas 

HOMA-IR (2.12 ± 0.44) and HOMA-adiponectin (0.19 ± 0.06) was found to be decreased with statistical significance p < 0.05. 

TABLE 3: Comparison of anthropometric and Adipocytokine levels in PCOS infertile females with physical activity of 

duration less than and greater than 150 mins per week 

 

PCOS Infertile females     Physical activity less   Physical activity greater      p value 

         than 150 mins per week  than 150 mins per week 

(n=36)                        (n=20) 

PA mins / week                   95.42 ± 13.82                     163.68 ± 13.27                  0.0001*** 

MET mins per week         333.96 ± 48.39                     491.75 ± 42.67                  0.0001*** 

Average duration of           23.85 ± 4.36                         40.94 ± 3.47                     0.0001*** 

physical activity 

Wt (kg)                                  62.7 ± 7.64                         59.48 ± 9.44                     0.0001*** 

ADN (μg/ml)                         6.13 ± 2.14                           9.32 ± 1.46                     0.0001*** 

RES (ng/ml)                        25.71 ± 9.95                         18.12 ± 6.4                       0.0001*** 

HOMA-IR                             3.46 ± 0.86                        2.12 ± 0.44                  0.0001*** 

HOMA-a                                0.73 ± 0.34                           0.19 ± 0.06                    0.0001*** 

PA – Physical activity, MET – Metabolic equivalents of task, Wt – weight, ADN – Adiponectin, 

 RES – Resistin, HOMA a – HOMA-adiponectin  

In terms of mean and standard deviation, values are expressed. 

*p value less than 0.05 is regarded as significant. 

Not significant, or NS. ***Extremely Significant **Very Significant 

(Fig 1), Pearson correlation analysis of METs / week with adiponectin showed highly significant positive correlation (r = + 

0.874, R2 = 0.76, p 0.000), negative correlation with Resistin (r = - 0.55), HOMA-IR (r = -0.632) and HOMA-adiponectin (r = 

- 0.60) with statistically significant p value 0.000. Receiver’s operating curve analysis revealed the diagnostic performance of 

Adiponectin to assess insulin sensitivity had area under the curve as 0.964 (fig 2); and at a cut-off value of adiponectin 7.3 

µg/ml the sensitivity is 93.8% and specificity 82.1% below which indicates insulin resistant state. 
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Fig: 1 Regression analysis of Physical activity (METs per week) with Adiponectin in infertile PCOS women 

 

Fig 2: Receiver’s operating curve analysis : ADIPONECTIN in infertile women after 3 months of Physical activity of brisk 

walking 

 

At a cut-off value of adiponectin 7.3 µg/ml, area under the curve is 0.964,  the sensitivity is 93.8% and specificity is 82.1%. 

Similarly, Resistin had area under the curve as 0.768, at a cut-off value 18.1 ng/ml the diagnostic sensitivity and specificity to 

measure insulin resistance is 78.6% and 56.2% respectively. 

 

DISCUSSION 

PCOS is the commonest cause of ovulatory dysfunction, with hormonal imbalance and insulin resistance independent of body 

mass. The outcome of the present study showed hypoadiponectinemia with elevated HOMA-adiponectin in PCOS infertile 

women. The study reveals the evident role of beneficial adiponectin in regulating the normal reproductive process. 

Serum adiponectin levels were found to be increased in participants’ who followed the protocol of 150 mins/week of physical 

activity of brisk walking of moderate intensity and had 5% weight loss. The mechanistic increase of adiponectin with weight 

reduction programme was demonstrated by researchers that following aerobic exercise three times a week had resulted in 

increased mRNA adiponectin expression, enhanced mRNA expression of adiponectin receptors 1 and 2 and high molecular 

weight adiponectin concentration are considered to be increased which have negative association with insulin resistance 15. 

Antagonistic presentation of Resistin levels revealed the severity of insulin resistant status of the individuals. Serum Resistin 

levels were found to be increased in women who participated in less than 150 mins of PA /wk  or less than METs /wk of energy 
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expenditure. In support to our work one of the studies had demonstrated reduced Adiponectin Resistin ratio in obese PCOS 

women 16. Steppan et al had described the potential link of Resistin between PCOS, obesity and insulin resistance. In our study, 

following 5% reduction of weight loss after 12 week of brisk walking decreased Resistin levels was observed. Resistin seems 

to have a potential link with insulin dependent peripheral action via inducing suppressor of cytokine signaling 3 which in turn 

impairs insulin signal transduction pathway. This compelling evidence found the close link between resistin and insulin 

resistance affecting reproductive function17,18. Treatment with antioxidants has found to rectify menstrual irregularities and 

decreases insulin resistance19. The emerging data reported the antagonistic effect of adiponectin and resistin as the mechanistic 

link that exists in dysregulated adipose tissue with chronic  low grade inflammatory environment resulting in the development 

of reproductive dysfunction in women with PCOS20 .  

A total of 39% PCOS women participated in life style modification of brisk walking. The study revealed increase in the 

beneficial adiponectin, decrease in HOMA-IR and HOMA-adiponectin in women who met the AEPCOS guidelines of 150 

mins /week. The present study revealed the diagnostic importance of Adiponectin with a cut-off value less than 7.3 µg/ml and 

Resistin cut-off value greater than 18.1 ng/ml as insulin resistant state. We found that individuals participating with more than 

150 mins/week of PA of moderate intensity or 450 METs/week are likely to possess enhanced insulin sensitivity21. Thus 

physical activities are needed to promote insulin sensitivity, hormonal balance, regularize menstrual cycle and thus chance of 

ovulation is favoured 22,23. 

The present study provides the platform of self-motivation to brisk walking. Furthermore study has to be carried out in PCOS 

women with discontinuation of brisk walk and reassess the adipocytokine levels in the participants. 

 

CONCLUSION 

Women with PCOS who adhered to the AEPCOS physical activity recommendations were like to have higher favourable 

Adiponectin levels and lower Resistin levels. Thus lifestyle modification measures such as diet control and physical activity of 

moderate intensity should be included as a part of the routine treatment regimen that augments the chance of ovulation and 

improve the quality of life of infertile PCOS women. 

 

PRACTICAL IMPLICATIONS: 

• In women, physical activity of moderate intensity results in improvisation of insulin sensitivity.  

• Brisk walking of 30 minutes duration can trim the waistline, reduced weight and improve general well-being of an 

individual. 

• In fact women who follow standard routine walking protocol promotes ovulatory cycle especially in women with pcos 

which is contributed by increased adiponectin levels that has anti-inflammatory action.  
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