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Abstract 

Polycystic ovary syndrome (PCOS) is a prevalent endocrine–metabolic disorder affecting 5.5–11.5% 

of women of reproductive age. While reduced adiponectin levels have been consistently 

demonstrated in adult women with PCOS, findings in adolescents remain less clearly defined. A 

systematic review and meta-analysis was conducted in accordance with PRISMA guidelines. 

PubMed, Embase, Scopus, and Google Scholar were searched from inception to October 31, 2025. 

Observational studies comparing adiponectin levels in post-pubertal adolescents with PCOS and 

controls were included. A random-effects model with REML estimator was applied. Study 

heterogeneity and publication bias were assessed. Eighteen studies comprising 1,590 participants 

(679 PCOS; 911 controls) were included. Adolescents with PCOS demonstrated significantly lower 

adiponectin levels compared to controls (mean difference [MD] −3.17 µg/mL; 95% CI −4.27 to −2.07; 

p = 0.001), I² = 94.6%. Egger’s (p = 0.81) and Begg’s (p = 0.16) tests indicated no evidence of publication 

bias. Adolescents with PCOS exhibit significantly reduced circulating adiponectin levels, suggesting 

that adipose tissue dysfunction and metabolic dysregulation are present early in the disease course. 

These findings support the role of adiponectin as a potential early biomarker of cardiometabolic risk 

in adolescent PCOS and underscore the importance of early metabolic screening and intervention. 

Keywords: adiponectin; adipokines; polycystic ovary syndrome; PCOS; adolescent girls 

 

1. Introduction 

Polycystic ovary syndrome (PCOS) is a common and complex endocrine–metabolic disorder 

affecting women of reproductive age, characterized by chronic anovulation, hyperandrogenism, and 

polycystic ovarian morphology[1]. It is estimated to affect approximately 5.5–11.5% of women 

worldwide, making it one of the most prevalent endocrine conditions in this population[2]. Beyond 

its reproductive manifestations, PCOS is strongly associated with insulin resistance, obesity, 

dyslipidemia, and an increased risk of type 2 diabetes mellitus and cardiovascular disease, 

highlighting its importance as a major public health concern[3–5]. 

Adiponectin, an adipocyte-derived hormone with insulin-sensitizing, anti-inflammatory, and 

anti-atherogenic properties, has emerged as a key regulator of metabolic homeostasis[6]. Lower 

circulating adiponectin levels have been consistently linked to obesity, insulin resistance, and 

cardiometabolic dysfunction—features that are highly prevalent in women with PCOS[7]. 

Consequently, adiponectin has been proposed as a potential mechanistic link between adipose tissue 

dysfunction and the metabolic abnormalities observed in PCOS[8]. 

Several large-scale meta-analyses in adult women have demonstrated a robust association 

between PCOS and reduced circulating adiponectin concentrations[9,10]. However, adolescents 

represent a biologically distinct population undergoing pubertal hormonal transitions, evolving 

insulin sensitivity, and dynamic changes in adipose tissue biology[11,12].  
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Clarifying whether adiponectin is consistently reduced in adolescents with PCOS could 

therefore improve understanding of early metabolic risk and inform preventive strategies. To address 

whether adolescent girls share similar findings to adult women, we conducted a systematic review 

and meta-analysis of observational studies comparing adiponectin levels in post-pubertal female 

adolescents with PCOS and controls.  

2. Materials and Methods 

2.1. Study Protocol and Registration  

This systematic review and meta-analysis was conducted following the Preferred Reporting 

Items for Systematic Review and Meta-Analyses (PRISMA) guidelines and protocols (PRISMA-P) 

statement[13]. The study protocol was registered in the PROSPERO database (University of York, 

United Kingdom) [CRD420250654706]. The research question was based on the PECO (Population, 

Exposure, Control, Outcome) framework: “In post-pubertal female adolescents (population), is 

serum adiponectin levels (exposure) different in adolescents with PCOS (outcome) than in 

adolescents without PCOS (control)?” 

2.2. Eligibility Criteria, Information Sources, Search Strategy 

A systematic search of the literature was performed from inception to October 31, 2025, using 

Embase, Scopus, PubMed, and Google Scholar databases. The search strategy employed the 

following keywords: (“adiponectin” OR “adipokines”) AND (“adolescent” OR “girls”) AND 

(“polycystic ovary syndrome” OR “PCOS”).Citations retrieved from each database were compiled 

and imported into Zotero reference management software. After duplicate removal, the titles and 

abstracts of remaining records were screened for eligibility. Full texts of potentially relevant studies 

were then assessed against predefined criteria. All screening was done by two reviewers (S.F. and 

P.R.). Details of the screening process is shown in the PRISMA flow chart in Figure 1. 

 

Figure 1. PRISMA Flow Chart. 

Inclusion criteria comprised original case-control, cross-sectional, and cohort studies involving 

female adolescents diagnosed with PCOS. Diagnosis of PCOS was required to be based on the 

Rotterdam criteria[14], the National Institute of Health (NIH) criteria[15], or other clearly stated 
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diagnostic criteria. Studies were excluded if they were case reports, reviews, animal studies, abstracts, 

drug trials, or conference presentations, as well as studies not published in English or Spanish. 

Articles published in Spanish were translated into English by a translator. No restrictions were 

applied regarding the year of publication. 

2.3. Data Extraction and Assessment of Bias 

Data were extracted and transferred into a Microsoft Excel file using a standardized template 

with the following column headings: study, country, study design, sample size, PCOS diagnostic 

criteria, and adiponectin levels (including mean and standard deviation [SD]). For studies that 

reported adiponectin values as median and interquartile range, the mean and SD were estimated 

using the method described by Wan et al[16]. 

To ensure analytical precision, the extracted data were further stratified into subcategories based 

on the type of adiponectin measurement: fasting adiponectin or serum adiponectin. 

The methodological quality of all included studies was independently assessed by two 

reviewers (S.F. and P.R.) using the Newcastle-Ottawa Scale (NOS)[17]. The NOS is a validated tool 

for evaluating the quality of nonrandomized studies in meta-analyses and systematic reviews, with 

assessments based on three key domains: selection of study groups, comparability of groups, and 

ascertainment of exposure or outcome. Overall scores were recorded for each study. 

2.4. Data Synthesis and Analysis 

Data analysis was performed using RStudio software, version 4.4.1., to conduct pooled analyses 

and generate forest plots for assessing heterogeneity. A random-effects model was applied to account 

for the high heterogeneity among patient populations, attributed to differences in factors such as age, 

PCOS subtypes, and diagnostic criteria. This approach provides a more conservative estimate of the 

overall mean difference. 

Heterogeneity was assessed using Cochran’s Q test and the I² statistic. A random-effects model 

with REML estimator and Hartung–Knapp adjustment was applied. An I² value of 50% or higher was 

interpreted as indicating substantial variability, suggesting that the studies may not be estimating a 

common effect. In cases of high heterogeneity, further analysis was conducted using a leave-one-out 

sensitivity analysis to assess the influence of individual studies. 

Publication bias was examined through visual inspection of funnel plots, supplemented by 

Egger’s test[18] and Begg’s test[19]. Statistical significance was defined as a p-value of less than 0.05 

for all analyses. 

3. Results 

3.1. Study Selection 

Our search of PubMed, Embase, Scopus, and Google Scholar yielded a total of 321 records. After 

removing 123 duplicates, 198 titles and abstracts were screened for eligibility. Of these, 168 records 

were excluded based on title and abstract review, leaving 30 full-text articles to be assessed for 

inclusion. Following full-text review, 12 articles were excluded for the following reasons: age >21 

years (n = 2), study not in English or Spanish (n = 2), drug trials (n = 2), and failure to meet diagnostic 

or study criteria (n = 6). Ultimately, 18 studies met all inclusion criteria and were included in both the 

systematic review and meta-analysis.  

3.2. Study Characteristics 

A total of 18 studies[20–37] published between 2008 and 2025 were included in our analysis. The 

studies were conducted across nine countries, with the highest number from the USA (n = 7) and 

Türkiye (n = 5). Fifteen studies employed a case-control design, with the exception of two prospective 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 March 2026 doi:10.20944/preprints202603.0428.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0428.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 12 

 

cohort studies and one cross-sectional study. Sample sizes ranged from 30 to 363 participants, with a 

total of 1,590 participants across all studies. 

Regarding diagnostic criteria for PCOS, the Rotterdam criteria[14] were most frequently applied 

(n = 8), followed by the NIH criteria (n = 5)[15]. Two studies used the Endocrine Society Clinical 

Practice Guideline (ESCPG)[38], two studies applied the International Evidence-based Guideline 

(IEG)[39], and one did not specify which criteria were used.  

Study quality assessed using the Newcastle-Ottawa Scale (NOS)[17], yielded scores ranging 

from 4.5 to 8.5. The majority of studies (n = 11) scored 7 or above, indicating high methodological 

quality. Details of the study characteristics are shown in Table 1. 

Table 1. Study characteristics. 

Study Country Study Design 
Criteria for 

PCOS1 

Sample 

Size 

NOS2 

Score  

Rossi, 2008[20] USA Case-Control NIH3 74 8 

Guven, 2009[21] Türkiye Case-Control Rotterdam 38 8 

Pinhas-Hamiel, 

2009[22]  
Israel Case-Control Rotterdam 30 4.5 

Cekmez, 2011[23] Türkiye Case-Control Rotterdam 85 5 

Fulghesu, 2011[24] Italy Case-Control Rotterdam 99 8.5 

Yasar, 2011[25]  Türkiye Case-Control Rotterdam 41 7 

Kale-Gurbuz, 2013[26] Türkiye Case-Control Rotterdam 38 4.5 

Cankaya, 2014[27] Türkiye Case-Control Rotterdam 79 7 

Ayonrinde, 2016[28] Australia Case-Control NIH 162 7 

Cree-Green, 2016[29] USA Case-Control NIH 71 6 

Hughan, 2016[30] USA Case-Control ESCPG4 110 8 

Patel, 2017[31] USA Case-Control NIH 53 5 

Vital-Reyes, 2017[32] Mexico Case-Control Rotterdam 47 7 

Cree-Green, 2018[33] USA Case-Control NIH 48 6.5 

Kim, 2018[34] USA Case-Control ESCPG 42 4.5 

Ibáñez, 2020[35] Spain 
Prospective 

Cohort 
Not Stated 114 7 

Whooten, 2024[36] USA 
Prospective 

Cohort 
IEG5 363 5.5 

Foryś, 2025[37] Poland Cross-sectional IEG 96 8.5 
1PCOS – Polycystic Ovary Syndrome; 2NOS – Newcastle-Ottawa Scale; 3NIH – National Institute of 

Health; 4ESCPG – Endocrine Society Clinical Practice Guideline; 5IEG - International Evidence-based 

Guideline. 

3.3. Meta-Analysis 

Based on the forest plot presented in Figure 2, the meta-analysis included 18 studies examining 

adiponectin levels in adolescents with PCOS compared to controls, with a total of 679 participants in 

the PCOS group and 911 in the control group. The pooled analysis using a random-effects model 

demonstrated that adolescents with PCOS had significantly lower adiponectin levels compared to 

controls, with a mean difference of -3.17 (95% confidence interval: -4.27 to -2.07, p = 0.001). This 

indicates that, on average, adiponectin levels were approximately 3.17 units lower in the PCOS group 

than in controls.  

Fifteen studies (83.3%) reported lower adiponectin levels in the PCOS group, with 11 

demonstrating statistically significant differences. The most pronounced reductions were observed 

in Yasar et al.(MD: -13.22, 95% CI: -18.71 to -7.73)[25] and Cekmez et al.[23] (MD: -10.49, 95% CI: -

12.51 to -8.47). Only one study (Vital-Reyes et al.)[32] reported non-significantly higher adiponectin 

in the PCOS group. Substantial heterogeneity was present across studies (I² = 94.6%, τ² = 9.2413, p < 
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0.0001), supporting the use of the random-effects model and suggesting that variability in diagnostic 

criteria, patient characteristics, or measurement methods may influence effect sizes. 

 

Figure 2. Forest plot of mean difference in adiponectin level between PCOS and controls. PCOS – Polycystic 

Ovary Syndrome; N – Sample Size; SD – Standard Deviation; CI – Confidence Interval. 

3.4. Sensitivity Analysis 

Leave-one-out sensitivity analysis in Figure 3 demonstrated that the pooled MD in adiponectin 

levels between women with PCOS and controls remained consistently negative and statistically 

significant after sequential exclusion of each individual study. Across all iterations, the pooled MD 

ranged from approximately −2.68 to −3.47 µg/mL, with all corresponding 95% confidence intervals 

excluding the null value. 

The overall estimate with all studies included was MD = −3.19 µg/mL (95% CI: −4.90 to −1.49). 

No single study significantly altered the magnitude, direction, or statistical significance of the pooled 

effect, indicating that the observed association is robust and not driven by any individual study.  

 

Figure 3. Leave-one-out sensitivity analysis. MD – mean difference; CI – Confidence Interval. 
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3.5. Publication Bias 

Visual inspection of the funnel plot in Figure 4 appears symmetrical even though some studies 

are dispersed. This is corroborated with formal statistical tests for publication bias. Egger’s regression 

test[18] was non-significant (t = −0.24, p = 0.81), and Begg’s rank correlation test[19] was also non-

significant (z = −1.40, p = 0.16), thus indicating no publication bias. Consistent with these findings, the 

trim-and-fill procedure did not impute any missing studies and produced a pooled mean difference 

(MD = −3.19 µg/mL; 95% CI: −4.90 to −1.49) that was comparable to the primary random-effects 

estimate. 

 

Figure 4. Funnel plot to assess publication bias. 

4. Discussion 

In this systematic review and meta-analysis comprising 1,590 adolescents, we found that post-

pubertal girls with PCOS have significantly lower circulating adiponectin levels compared with their 

non-PCOS peers. The pooled estimate demonstrated a mean difference of −3.17 µg/mL, indicating a 

consistent and clinically meaningful reduction in adiponectin among adolescents with PCOS. 

Notably, 83% of the studies included reported lower adiponectin concentrations in the PCOS group. 

Collectively, these findings suggest that hypoadiponectinemia is already present in adolescence 

among girls with PCOS, supporting the hypothesis that adipose tissue dysfunction and early 

metabolic dysregulation are integral components of the syndrome from its earliest clinical 

manifestations[12,40]. 

Adiponectin plays a central role in metabolic regulation by enhancing insulin sensitivity through 

activation of key signaling pathways, including adenosine monophosphate–activated protein kinase 

(AMPK) and peroxisome proliferator–activated receptor alpha (PPAR-α)[41]. Activation of these 

pathways promotes glucose uptake in skeletal muscle and increases fatty acid oxidation in liver and 

peripheral tissues, thereby improving overall metabolic efficiency[42]. During normal puberty, 

adolescents experience a transient, physiologic reduction in insulin sensitivity, likely driven by 

hormonal changes associated with growth and sexual maturation[43]. In most individuals, this 

pubertal insulin resistance is temporary and resolves with completion of puberty. However, in girls 

with PCOS, reduced adiponectin levels may amplify this physiologic shift, tipping it toward a more 

sustained and pathologic state of insulin resistance due to underlying adipose tissue dysfunction[44]. 

Consequently, hypoadiponectinemia in adolescence may not merely reflect existing metabolic 

abnormalities but could serve as an early biomarker of future cardiometabolic risk, preceding the 

development of overt dysglycemia or type 2 diabetes. 

A growing body of evidence supports a bidirectional relationship between hyperandrogenism 

and adipose tissue dysfunction in PCOS[45]. Elevated androgen levels may directly contribute to 

adverse changes in body fat distribution, promoting visceral adiposity and impairing normal 

adipocyte differentiation and function[46]. Visceral fat, in turn, is metabolically active and associated 

with reduced secretion of protective adipokines such as adiponectin[46]. Lower adiponectin levels 
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can exacerbate insulin resistance, leading to compensatory hyperinsulinemia[47]. Hyperinsulinemia 

then acts synergistically with luteinizing hormone to stimulate ovarian theca cells, further increasing 

androgen production[48]. This creates a self-perpetuating pathogenic cycle: insulin resistance leads 

to hyperinsulinemia, which drives androgen excess; androgen excess worsens adipose tissue 

dysfunction; dysfunctional adipose tissue further reduces adiponectin levels, thereby reinforcing 

insulin resistance[48]. In adolescents with PCOS, this cycle may become established early, 

contributing to the persistence and progression of both reproductive and metabolic abnormalities. 

Adolescence is characterized by activation and maturation of the hypothalamic–pituitary–

ovarian (HPO) axis, resulting in dynamic fluctuations in gonadotropins, estrogen, and androgens[49]. 

These hormonal shifts not only regulate reproductive function but also influence adipose tissue 

biology and adipokine secretion. Estrogen is generally associated with a more favorable metabolic 

profile, promoting subcutaneous fat deposition and supporting beneficial adipokine patterns, 

including relatively higher adiponectin levels[50]. In contrast, androgen excess—an established 

hallmark of PCOS—may adversely affect adipocyte function and suppress adiponectin secretion[45]. 

During puberty, when endocrine systems are still maturing, sustained exposure to elevated androgen 

levels may disrupt normal metabolic adaptation and adipose tissue development. Early 

hyperandrogenism during these critical developmental windows could therefore contribute to long-

term metabolic programming, predisposing adolescents with PCOS to persistent insulin resistance 

and increased cardiometabolic risk in adulthood[51]. 

Adolescents with PCOS frequently demonstrate altered body composition characterized by 

increased central or visceral adiposity, even in the presence of a normal body mass index[52]. This 

suggests that BMI alone may underestimate underlying metabolic risk in this population. Visceral fat 

is metabolically active and more strongly associated with insulin resistance, inflammation, and 

adverse cardiometabolic outcomes than subcutaneous fat[53,54]. Importantly, visceral adipose tissue 

is linked to reduced adiponectin secretion, contributing to impaired insulin sensitivity[55]. Therefore, 

circulating adiponectin levels may reflect qualitative alterations in adipose tissue function and 

distribution rather than simply total fat mass. Early accumulation of visceral fat during adolescence 

may represent a key mechanistic pathway through which PCOS confers increased long-term risk of 

type 2 diabetes and cardiovascular disease, reinforcing the importance of early metabolic assessment 

beyond traditional anthropometric measures. 

Adiponectin exerts important anti-inflammatory and vasculoprotective effects, including 

suppression of pro-inflammatory cytokine production and inhibition of endothelial dysfunction[56]. 

By enhancing nitric oxide bioavailability and reducing oxidative stress, adiponectin contributes to 

maintenance of vascular integrity and metabolic homeostasis. Reduced adiponectin levels, as 

observed in adolescents with PCOS, may therefore facilitate the development of low-grade chronic 

inflammation—a well-recognized feature of the syndrome[57]. This inflammatory milieu, combined 

with insulin resistance and central adiposity, may initiate early endothelial and metabolic 

disturbances. Adolescence may represent a critical developmental window during which these early 

inflammatory and metabolic alterations become biologically embedded, potentially programming 

long-term susceptibility to type 2 diabetes mellitus and cardiovascular disease. Identifying 

hypoadiponectinemia during this period may thus provide insight into early cardiometabolic risk 

trajectories in girls with PCOS. 

From a developmental origins and life-course perspective, our findings suggest that the 

metabolic disturbances associated with PCOS may emerge much earlier than traditionally 

recognized. The presence of hypoadiponectinemia during adolescence indicates that adipose tissue 

dysfunction and insulin resistance are not merely late complications of longstanding disease but may 

represent early pathophysiologic features of the syndrome[58]. This aligns with the concept that 

cardiometabolic risk trajectories are established during critical developmental windows, including 

puberty, when hormonal, metabolic, and adipose tissue changes are highly dynamic. Early 

alterations in adipokine regulation may therefore contribute to long-term metabolic programming, 

increasing susceptibility to type 2 diabetes and cardiovascular disease in adulthood. These findings 
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underscore the importance of early metabolic screening in adolescents with PCOS and support timely 

lifestyle and therapeutic interventions aimed at modifying risk before irreversible cardiometabolic 

sequelae develop. 

The observed reduction in adiponectin levels among adolescents with PCOS has important 

clinical implications. Hypoadiponectinemia may serve as an early biomarker of metabolic risk, 

helping to identify girls who are at heightened risk for insulin resistance and future cardiometabolic 

complications even before overt dysglycemia develops[59]. In addition, adiponectin represents a 

potential therapeutic target, as interventions that improve insulin sensitivity may also restore more 

favorable adipokine profiles[60,61]. Lifestyle strategies such as structured physical activity, dietary 

modification, and weight management have been shown to increase adiponectin levels and improve 

metabolic parameters. Similarly, insulin-sensitizing agents, including metformin, may enhance 

adiponectin concentrations while addressing underlying insulin resistance[62]. Emphasizing early 

prevention and targeted metabolic intervention during adolescence may therefore help modify long-

term cardiometabolic trajectories and reduce the burden of type 2 diabetes and cardiovascular disease 

in women with PCOS. 

Taken together, these findings suggest that adiponectin dysregulation is not merely a 

consequence of long-standing metabolic disease but may represent an early pathophysiologic feature 

of PCOS emerging during pubertal maturation. 

Our systematic review and meta-analysis has several limitations. First, many included studies 

had relatively small sample sizes, which may reduce statistical power and limit the precision of 

individual effect estimates. Second, variability in PCOS diagnostic criteria and phenotypic 

presentation across studies may have contributed to inconsistencies in case definition. Third, 

substantial heterogeneity was observed in the pooled adiponectin data, likely reflecting differences 

in study design, population characteristics, assay methods, and metabolic profiles. 

Despite these limitations, our findings reinforce and extend evidence previously demonstrated 

in adult women with PCOS, suggesting that reduced adiponectin is an early and persistent feature 

of the disorder. Importantly, this analysis provides a foundation for future mechanistic and 

longitudinal studies aimed at clarifying the role of adiponectin in the pathophysiology and early 

metabolic risk associated with PCOS in adolescents. 

5. Conclusions 

This systematic review and meta-analysis demonstrates that post-pubertal adolescent girls with 

PCOS have significantly lower circulating adiponectin levels compared with controls. These findings 

support the role of adiponectin as a potential early biomarker for metabolic risk stratification in 

adolescents with PCOS. Early identification of hypoadiponectinemia could help guide targeted 

lifestyle and therapeutic interventions aimed at mitigating long-term risks of type 2 diabetes and 

cardiovascular disease. Future longitudinal and mechanistic studies are warranted to clarify the 

causal role of adiponectin in adolescent PCOS and to determine whether early metabolic 

interventions can favorably modify adipokine profiles and long-term outcomes. 
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The following abbreviations are used in this manuscript: 
PCOS Polycystic Ovary Syndrome 

NOS Newcastle-Ottawa Scale 

MD Mean Difference 

CI Confidence Interval 

N Sample Size 
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Preferred Reporting Items for Systematic Review and Meta-

Analyses 

NIH National Institute of Health 

ESCPG Endocrine Society Clinical Practice Guideline 

IEG International Evidence-based Guideline 
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