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ABSTRACT

Objectives: This study aims to evaluate serum G-Protein Coupled Receptor 120 (GPR120) levels and its association with anti-inflammatory cytokine 
interleukin-10 (IL-10), homeostasis model assessment of insulin resistance (HOMA-IR), and female reproductive hormones in polycystic ovary 
syndrome (PCOS) subjects as it is disorder of affecting reproductive women with complex combination of symptoms, such as excess androgens, 
polycystic ovaries, ovulatory dysfunction, Insulin resistance and chronic low-grade inflammation.

Methods: In a cross-sectional study carried out at the tertiary care hospital of the South Gujarat district between March 2023 and December 2024. 
Using a convenience sampling technique, a total of 248 women (124 PCOS and 124 age-matched healthy controls) were assessed for markers, such 
as serum GPR120, IL-10, insulin, adiponectin, luteinizing hormone/follicle-stimulating hormone (LH: FSH), testosterone, and anthropometric 
parameters. Student’s t-test (p-value) was applied for significance and Pearson’s correlation (r-value) for finding the association between parameters 
as a part of statistical analysis.

Results: Elevated serum LH: FSH, testosterone, insulin, HOMA-IR, and significantly decreased levels of GPR120, IL-10, and adiponectin were reported 
in PCOS subjects as compared to the non-PCOS group. GPR120 showed a strong positive correlation with adiponectin (r=0.925), IL-10 (r=0.681) and 
a negative correlation with body mass index (r=−0.325), waist-to-hip ratio (r=−0.516), testosterone (r=−0.539), Insulin (r=−0.085), and HOMA-IR 
(r=−0.087) in women with PCOS disorder.

Conclusion: Lower levels of GPR120, and its strong correlation with HOMA-IR and inflammatory markers, suggest its key role in the pathophysiology 
of PCOS. GPR120 may serve as a novel therapeutic approach for alleviating metabolic and inflammatory disturbances in PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCOS), is an endocrine disorder with 
reproductive dysfunction affecting reproductive women with a 
worldwide prevalence of 8–15%. Hyperandrogenism, polycystic ovaries, 
and ovulatory dysfunction are the characteristic features of PCOS [1]. 
Apart from the compromised reproduction and hormonal imbalance 
PCOS is thought to be associated with metabolic disturbances, such as 
dyslipidemia, increased insulin resistance, and risk of type-2 diabetes 
mellitus [2].

G-protein coupled receptor-120 (GPR120) also designated as free fatty 
acid receptor-4, is a surface receptor that is activated by long-chain fatty 
acids, such as omega-3 fatty acids and is highly active in adipocytes [3]. 
Activation of GPR120 indicates strong anti-inflammatory effects and 
insulin sensitization by suppressing macrophage activation, reducing 
pro-inflammatory cytokine production, reducing inflammation, 
increasing insulin signaling in adipocytes, and ultimately restoring 
metabolic equilibrium [4]. Effects of GPR120 are widely investigated in 
obesity and type-2 diabetes mellitus [5], but its role in PCOS pathogenesis 
remains in the grey area. Chronic and low-grade inflammation has 
recently been recognized as a crucial element in the pathogenesis of 
PCOS in terms of both metabolic and reproductive disturbances [6]. 
Interleukin-10 (IL-10) is a pivotal anti-inflammatory cytokine involved 
in the inflammatory response associated with PCOS and IL-10 levels are 
found to be decreased in obese PCOS patients, indicating its key role in 
the pathogenesis and progression of disease [7].

It is hypothesized that GPR120 levels may be disrupted in PCOS women 
and identification of underlying mechanisms revolving around insulin 
resistance and inflammation through modulation of IL-10 is crucial 
for a better prognosis of disorder [8]. In this study, we investigated 
levels of serum GPR120 in women with PCOS and without PCOS and 
its correlation with insulin resistance and IL-10. It will provide novel 
insights into the role of GPR120 in the pathophysiology of PCOS 
and redefine the therapeutic landscape for insulin resistance and 
inflammation in PCOS, shedding light on a novel axis for intervention 
in this complex disorder.

METHODS

This cross-sectional study was conducted on 248 adult women aged 
from 18 to 35 years to evaluate the association between serum GPR120, 
serum IL-10, serum adiponectin testosterone, luteinizing hormone/
follicle-stimulating hormone (LH: FSH) ratio, and homeostasis model 
assessment of insulin resistance (HOMA-IR) at the tertiary care hospital 
of the South Gujarat district between March 2023 and December 
2024, A convenience sampling technique was used for the selection 
of cases based on existing hospital records from previous years. 
Ethical Clearance was obtained from of Institutional Ethics Committee 
Biomedical and Health Research (EC/NEW/INST/2021/2173).

Inclusion criteria
Patients with PCOS were selected as cases (PCOS group) based on 
Rotterdam diagnostic criteria [9], which require meeting at least two 
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out of three conditions: Ovulatory dysfunction (irregular or absent 
menstrual cycles), hyperandrogenism (clinical signs, such as hirsutism 
or elevated androgen levels), and polycystic ovaries (12 or more follicles 
per ovary or increased ovarian volume detected via ultrasound), 
and age-matched healthy individuals without any known metabolic, 
hormonal or psychiatric disorders were included in the control (non-
PCOS group) group.

Exclusion criteria
Subjects who had previously used or were currently using medications 
such as oral contraceptive pills, ovulation induction agents, estrogenic 
or anti-androgenic drugs, antidiabetic drugs, such as metformin, 
glucocorticoids, anti-obesity drugs, or had a history of hormone 
therapy, insulin sensitizers, and Vitamin-D or calcium supplements 
within the past 6 months were excluded. In addition, diagnosed cases of 
chronic illnesses, such as cardiovascular disease, hyperprolactinemia, 
diabetes mellitus, thyroid disorders or psychiatric disorders, and recent 
history of pregnancy or lactation within the past 6 months were also 
excluded from the study.

Clinical assessments
After being informed about the purpose and procedure of the study, 
voluntary written informed consent and detailed medical history along 
with anthropometric data, including age, weight, height, waist and hip 
circumference were recorded. Fasting blood samples were collected 
after 10–12 h of overnight fasting, for biochemical analyses on the next 
day after menstruation ends. Blood samples were processed to obtain 
serum for the quantification of serum IL-10, serum adiponectin, serum 
GPR 120, serum insulin, serum LH, serum FSH, and serum testosterone 
levels using enzyme-linked immunosorbent assay (ELISA) kits.

Statistical analysis
Body mass index (BMI), Waist-to-hip ratio (WHR), LH: FSH ratio, and 
HOMA-IR were calculated. Continuous variables were denoted as mean 
with standard deviation (Mean±SD). Differences between study groups 
were assessed using a student’s t-test, with a p<0.05 deemed statistically 
significant. Correlations between parameters were evaluated using 
Pearson’s correlation coefficient as R-value. Interpretation was done 
according to r-values as 0.00–0.19 (very weak correlation), 0.20–0.39 
(weak correlation), 0.40–0.59 (moderate correlation), 0.60–0.79 (strong 
correlation) and 0.80–1.00 (very strong correlation). Data were analyzed 
using IBM Statistical Packages for the Social Sciences 25.0 statistic software.

RESULTS

This cross-sectional study included 248 adult females, comprising 
124  patients diagnosed with PCOS based on Rotterdam criteria and 
age-matched 124 healthy controls.

Table 1 shows that PCOS subjects have significant differences in weight, 
BMI, waist and hip circumference, and WHR when compared to healthy 
non-PCOS controls. Age and height were not statistically significant 
between groups, which fulfilled the inclusion criterion.

Cohen’s d-test was applied to measure the effect size between two 
groups to quantify how different the two means are in terms of SD units 
and waist circumference, WHR, BMI, hip circumference, and weight 
showed very large effect size based on the value of d 4.140, 3.354, 
2.725, 1.834 and 1.293, respectively. Whereas age and height showed 
smaller effect sizes (0.0 and 0.09).

Table  2 depicts that, women with PCOS, have significant hormonal 
differences in comparison to healthy controls. Increased levels of 
LH, testosterone, an elevated LH: FSH ratio, higher serum insulin 
along with increased insulin resistance, decreased levels of serum 
FSH, adiponectin, GPR120, and IL-10 are seen with p<0.01 indicating 
statistically significant differences among the PCOS and non-PCOS.

Cohen’s d-test showed a very large effect size for GPR120, adiponectin, 
testosterone, insulin, IL-10, HOMA-IR, FSH, LH: FSH, and LH in 

descending order with values of d 3.749, 3.718, 3.019, 2.683, 2.584, 
2.381, 1.646, 1.520, and 1.458, respectively.

GPR120 correlation analysis in Table  3 reveals that the PCOS group 
showed statistically significant negative correlations with BMI, WHR, 
and serum testosterone suggesting metabolic disturbances, strong 
positive correlations with serum IL-10 and adiponectin indicating 
pivotal roles of inflammation and insulin sensitivity, and Serum insulin 
and HOMA-IR showed weak but significant negative correlations in 
PCOS subjects. In contrast, no significant associations among the 
measured parameters in the non-PCOS group.

DISCUSSION

PCOS is a multifaceted complex endocrine disorder characterized by not 
only reproductive abnormalities but also metabolic disturbances, such 

Table 1: Age and anthropometric measures of the participants

Parameters Non‑PCOS 
(n=124)

PCOS 
(n=124)

p‑value

Age (years) 27.11±4.75 27.50±3.85 0.288
Height (m) 1.62±0.03 1.62±0.05 0.481
Weight (kg) 63.39±4.73 69.84±5.23 <0.01**
BMI (kg/m²) 24.07±0.88 26.7±1.05 <0.01**
Waist circumference (cm) 68.88±2.98 89.23±6.28 <0.01**
Hip circumference (cm) 91.40±3.48 99.27±4.97 <0.01**
Waist‑hip ratio 0.75±0.02 0.09±0.06 <0.01**
PCOS: Polycystic ovary syndrome, BMI: Body mass index. Values are presented 
as mean±SD with confidence intervals of 95%. *p<0.05, **p<0.01 indicate 
statistical significance

Table 2: Comparison of laboratory parameters among the 
non‑PCOS and PCOS groups

Parameters Non‑PCOS 
(n=124)

PCOS 
(n=124)

p‑value

Serum LH (mIU/mL) 9.08±3.41 15.63±5.36 <0.01**
Serum FSH (mIU/mL) 6.03±1.95 3.05±1.66 <0.01**
Serum Testosterone (ng/mL) 17.56±4.68 71.60±24.88 <0.01**
Serum GPR 120 (ng/mL) 25.35±5.06 8.64±3.76 <0.01**
Serum IL‑10 (pg/mL) 19.98±3.57 10.21±3.98 <0.01**
Serum adiponectin (µg/mL) 12.20±2.45 4.39±1.68 <0.01**
Serum insulin (µIU/mL) 6.86±1.81 39.51±17.11 <0.01**
LH: FSH ratio 1.54±0.35 7.33±5.37 <0.01**
HOMA‑IR 1.55±0.38 9.07±4.45 <0.01**
PCOS: Polycystic ovary syndrome, LH/FSH: Luteinizing hormone/
Follicle‑stimulating hormone, GPR120: G‑protein coupled receptor 120, IL‑10: 
Interleukin‑10, HOMA‑IR: Homeostasis model assessment of insulin resistance. 
Values are presented as mean±SD with confidence intervals of 95%. *p<0.05, 
**p<0.01 indicate statistical significance

Table 3: Correlation of GPR120 with other parameters

Parameters Non‑PCOS PCOS

R† p‑value R† p‑value
BMI 0.026 0.776 −0.325 <0.01**
WHR −0.042 0.640 −0.516 <0.01**
Serum testosterone 0.016 0.862 −0.539 <0.01**
LH: FSH ratio 0.008 0.932 −0.067 <0.01**
Serum IL‑10 0.075 0.408 0.681 <0.01**
Serum adiponectin −0.058 0.522 0.925 <0.01**
Serum insulin 0.021 0.814 −0.085 <0.01**
HOMA‑IR 0.010 0.915 −0.087 <0.01**
GPR120: G‑protein coupled receptor 120, PCOS: Polycystic ovary syndrome, 
BMI: Body mass index, WHR: Waist‑to‑hip ratio, LH/FSH: Luteinizing hormone/
Follicle‑stimulating hormone, IL‑10: Interleukin‑10, HOMA‑IR: Homeostasis 
model assessment of insulin resistance.†R‑values represent correlation 
coefficients, where R>0 indicates a positive correlation and R<0 indicates a 
negative correlation; *p<0.05, **p<0.01 indicate statistical significance
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as insulin resistance, chronic low-grade inflammation, and dyslipidemia, 
hence metformin is commonly prescribed in PCOS subjects due to its 
effectiveness in managing conditions that share similarities with type 2 
diabetes mellitus [10]. The present study explored the role of GPR120 
and found significantly decreased levels in PCOS subjects compared 
to age-matched non-PCOS controls. A  noticeable decrease was also 
recorded for serum IL-10 and adiponectin, whereas increased levels of 
insulin, testosterone, and HOMA-IR were seen in PCOS patients. This 
indicated the hypothesis that impaired GPR120 signaling can play a 
pivotal role in the inflammatory and metabolic dysregulations in PCOS.

GPR120 being a lipid-sensitive receptor is activated by long-chain 
fatty acids specifically omega-3 polyunsaturated fatty acids, such as 
docosahexaenoic acid and Eicosapentaenoic acid [11] and has been 
used in the regulation of blood glucose, adipogenesis and inflammation. 
Liu et al. demonstrated that GPR120 activation inhibits macrophage-
mediated inflammation and improves systemic insulin sensitivity in 
obese mice, identifying GPR120 as a potential therapeutic target in 
metabolic diseases in rats [12]. Ichimura et al., reported that GPR120-
deficient mice exhibited obesity, glucose intolerance, and systemic 
inflammation due to impaired M2 macrophage polarization, and 
macrophage activation and adipose tissue inflammation are central to 
the pathogenesis of PCOS, reduced GPR120 signaling may exacerbate 
this immune-metabolic dysfunction [13]. Our study tried to extend 
these findings to PCOS women using human ELISA kits to make 
estimation easy and cost-effective compared to frequently used reverse 
transcriptase-polymerase chain reaction techniques. We reported 
that decreased GPR120 levels might be indicative of a compromised 
anti-inflammatory response, contributing to insulin resistance and 
hyperandrogenism. In a study related to PCOS. Liu et al. found that 
GPR120 agonists improved ovarian function and decreased insulin 
resistance was observed in the PCOS rat model [14]. Targeting GPR120 
might be an effective method for the suppression of GPR120, regulation 
of ovarian function, and lowering of lipid accumulation in the liver as 
these all are mainly regulated by GPR120.

Chugh et al. and Shamsi et al. stated that the pathogenesis of PCOS is 
known to be associated with chronic low-grade inflammation; IL-10 has 
an anti-inflammatory and immune-suppressive effect. Studies showed 
that women with PCOS had considerably lowered serum levels of IL-10, 
especially in patients with obesity and insulin resistance [15,16]. The 
strong positive correlation between GPR120 and IL-10 observed in our 
PCOS group reinforces the anti-inflammatory role of GPR120. IL-10 is 
a critical cytokine that suppresses pro-inflammatory mediators, such 
as tumor necrosis factor-alpha and IL-6 [17]. Our data are in line with 
these reports, suggesting that diminished GPR120 levels may underlie 
the reduced IL-10 production, fostering a pro-inflammatory milieu that 
worsens insulin resistance and ovarian dysfunction.

Adiponectin, another adipokine with anti-inflammatory properties, 
depicted a very strong positive correlation with GPR120. By activating 
adenosine monophosphate-activated protein kinase (AMPK) and 
and peroxisome proliferator-activated receptor–alpha (PPAR-) 
pathways and suppressing gluconeogenesis adiponectin enhances 
insulin sensitivity [18]. As shown by Patil et al. [19] and Shorakae et 
al. [20] decreased adiponectin levels are consistently associated with 
dyslipidemia, obesity, and insulin resistance in PCOS. Lower levels of 
adiponectin can also be predictive of cardio-metabolic risk in PCOS 
subjects as per Groth [21]. Suryapani and Uniyal stated that decreased 
adiponectin levels, along with reduced adiponectin: Leptinratio, are 
significantly linked to insulin resistance and reproductive hormone 
disturbances in PCOS [22]. Our findings supported the hypothesis that 
in PCOS women, GPR120 may facilitate adiponectin secretion/signaling 
and its downregulation can impair the insulin sensitization mechanism.

The crucial role of GPR120 in metabolic homeostasis, particularly in 
PCOS patients, where it shows inverse correlations with Fasting insulin, 
HOMA-IR, androgens, and anthropometric parameters, such as BMI and 
WHR. GPR120’s activation in adipose tissue enhances insulin receptor 

signaling and promotes glucose uptake, as demonstrated by Quesada-
López et al. [23]. Our results also found reduced GPR120 levels that 
can impair these pathways by enhancing insulin resistance, which is 
an important part of hyperinsulinemia-induced hyperandrogenism in 
theca cells leading to major clinical manifestations of PCOS, such as 
ovulatory dysfunction and hirsutism.

The significant inverse correlation between GPR120 and serum 
Testosterone is found in PCOS subjects, which is still not widely explored 
yet, but it is hypothesized that metabolic inflammation contributes to 
hyperandrogenism. Yan et al. showed that lower GPR120 expression in 
granulosa cells of PCOS patients was associated with impaired PI3K/
AKT signaling, which was playing a key role in follicular development 
and steroidogenesis [24].

A large number of vivisections have supported the therapeutic potential of 
GPR120 in PCOS. Wang et al. observed improvements in glucose tolerance, 
insulin sensitivity, ovarian morphology, and reduced levels of inflammatory 
cytokines when PCOS-induced rats were treated with a GPR120 agonist 
(TUG-891) [8]. These data parallel our pre-clinical findings and suggest 
that GPR120 activation might reverse some of the key pathological features 
of PCOS. Interestingly, dietary components such as omega-3 fatty acids are 
natural ligands for GPR120. Clinical trials done by Khani et al. [25] and, 
Mohammadi et al. [26] have shown that omega-3 supplementation in PCOS 
patients lead to improvement in insulin resistance, testosterone levels, and 
inflammatory markers. Oner and Muderris [27] and Nadjarzadeh et al. [28] 
in clinical trials suggested that omega-3 supplements can rectify insulin 
resistance, and female reproductive hormones, such as testosterone, 
LH/FSH ratio, BMI, and WHR in PCOS women. While these studies did 
not directly assess GPR120, their outcomes support the hypothesis that 
omega–3–mediated GPR120 activation could be a mechanism underlying 
the observed benefits [11]. Alpha-lipoic acid, is a powerful antioxidant, 
which has shown a promising role in PCOS management by appreciable 
hormonal benefits and improvements in metabolic issues, particularly done 
through the GPR120 pathway [29]. Thereby, GPR120 represents a unique 
intersection point for future therapeutic strategies. Targeted therapies 
focused on GPR120 activation, through supplementation of omega-3 fatty 
acid or synthetic agonists, can become a more comprehensive approach 
for the management of the disorder. These findings have paved the way 
for receptor-targeted interventions and precision medicine that can go 
beyond symptom control and address the underlying pathophysiology of 
PCOS.

Despite these promising findings, our study has limitations that as a cross-
sectional analysis, it cannot establish causality. Furthermore, serum 
GPR120 levels may not fully represent receptor activity at the tissue 
level. Future research should involve longitudinal and interventional 
designs, assessing GPR120 expression and signaling in adipose, hepatic, 
and ovarian tissues, along with trials of GPR120 agonists or omega-3 
fatty acid therapy in PCOS populations for validation.

CONCLUSION

The role of GPR120 in the pathophysiology of PCOS has been 
accentuated as significantly lower levels of GPR120 along with its strong 
correlation with inflammatory and metabolic parameters such as IL-10, 
adiponectin, insulin resistance, and androgen levels are found in PCOS, 
which highlights it as a potential biomarker and important therapeutic 
target. Major two components of chronic inflammation and metabolic 
dysregulation are found to be linked through a single receptor pathway 
and enhancing GPR120 activity can offer a binary benefit by reducing 
systemic inflammation and restoring insulin sensitivity.
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