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Background: Polycystic ovary syndrome (PCOS) is a common reproductive disorder. Obesity, which is linked with 
lower adiponectin levels, increases a woman’s risk of developing PCOS; however, the association between adipo-
nectin and PCOS is controversial. Adiponectin levels could be affected by single nucleotide polymorphisms (SNPs) 
in the ADIPOQ gene. This study aimed to test the relationship between serum adiponectin and PCOS in Jordan 
and the association between the rs2241766, rs1501299, and rs266729 SNPs in the ADIPOQ gene and PCOS.
Methods: One hundred and fifty-four women with PCOS and 149 age- and body mass index–matched normally 
menstruating controls were recruited. Serum adiponectin levels were measured using enzyme-linked immunosor-
bent assay. Genotyping was performed using polymerase chain reaction–restriction fragment length polymor-
phism analysis. 
Results: Serum adiponectin levels were significantly lower (P=0.0064) in PCOS women and rs1501299 (+276 G/T) 
genotype distributions were significantly different (P=0.01) between them and normally menstruating women. 
Multivariate analysis revealed that adiponectin levels remained significantly lower in PCOS women (P=0.001; odds 
ratio [OR], 0.9; 95% confidence interval [CI], 0.84–0.96). The GT genotype of rs1501299 increased the risk of PCOS 
(P<0.001; OR, 5.46; 95% CI, 2.42–12.33) and increased the risk of PCOS by three-fold (P<0.001; OR, 3.00; 95% CI, 
1.36–6.60) relative to the TT genotype. The GG genotype increased the risk of PCOS as well (P<0.001; OR, 3:00; 95% 
CI, 1.36–6.60).
Conclusion: PCOS is associated with lower serum adiponectin levels independent of age and body mass index. 
The T allele of the rs1501299 (+276 G/T) SNP of the ADIPOQ gene protects against PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a metabolic disorder that affects 

women during their reproductive years. The disease is heterogeneous 

in its clinical presentation. Diagnostic features include irregular peri-

ods, increased androgen secretion and/or polycystic ovaries.1) Women 

that have PCOS are usually obese and are characterized by an android 

pattern of fat distribution.2) Not surprisingly, insulin resistance is a 

common characteristic of women that have PCOS. This might explain 

why women with PCOS are at a higher risk of developing type 2 diabe-

tes mellitus (T2DM) in their lifetime.3) Abdominal obesity is not only a 

feature of PCOS, it seems to be involved in the disease etiology.4) This 

is supported by the fact that PCOS patients benefit from weight reduc-

tion and the accompanying increase in insulin sensitivity.5)

 Abdominal obesity is characterized by an increase in subcutaneous 

or visceral fat. The contribution of subcutaneous or visceral fat to the 

etiology of metabolic disorders is not well-determined.6) Recent evi-

dence indicates that visceral fat percentage is more strongly linked 

than subcutaneous fat with the development of insulin resistance.7) 

Most importantly, visceral fat has a different metabolic profile than 

subcutaneous fat, including its production of several peptide hor-

mones collectively called adipocytokines.8,9) Indeed, the activity of 

these hormones modulates the sensitivity of the surrounding tissues 

to insulin; therefore, their levels appear to modify the risk of develop-

ing several metabolic disorders.10)

 Of the many adipocytokines secreted by visceral fat cells, adiponec-

tin is the most abundant.11) Adiponectin reduces the risk of developing 

several disorders with insulin resistance as a common feature.12) This 

finding is supported by several lines of evidence; adiponectin is one of 

the few proteins produced by adipose tissue that is negatively correlat-

ed with obesity and the development of T2DM.13,14) Moreover, muta-

tions that inactivate the gene that codes for adiponectin (ADIPOQ) 

predispose affected individuals to the development of T2DM.15) Given 

the above discussion, it is not surprising that lower adiponectin levels 

were linked with PCOS in some but not all populations.16)

 Variations in adiponectin levels could be the result of differences in 

adipose tissue distribution but can be also the result of genetic varia-

tions in the ADIPOQ gene that affect its activity/expression.17) A num-

ber of single nucleotide polymorphisms (SNPs) in the ADIPOQ gene 

are associated with lower adiponectin expression or a predisposition 

to several diseases characterized by insulin resistance such as obesi-

ty18) and T2DM.19) Here we examined the association between serum 

adiponectin levels and PCOS in a Jordanian population. Using the 

same population, we also evaluated the association between three 

SNPs in the ADIPOQ gene (rs2241766, rs1501299, and rs266729) and 

PCOS.

METHODS

1. Study Design
This was a matched case-control study. Prior to patient recruitment, 

the project was approved by the appropriate institutional review 

boards (IRB approval no., 284/2016) affiliated with Jordan University 

of Science and Technology (Irbid, Jordan). Participation in the study 

required informed consent. Recruitment took place at the gynecology 

clinics of King Abdullah University Hospital (Irbid, Jordan) between 

September 2016 and March 2017.

2. Subjects
Women with PCOS were recruited from the gynecology clinics at King 

Abdullah University Hospital. Each was diagnosed with PCOS by at 

least two gynecologists according to the Rotterdam guidelines,1) which 

include the presence of any two of the following three criteria: (1) oli-

gomenorrhea and amenorrhea; (2) presence of biochemical and clini-

cal signs of hyperandrogenism; and (3) presence of 12 or more ovarian 

follicles or an ovarian volume >10 cm3. Women in the control group 

were recruited from the same tertiary hospital but not necessarily from 

the gynecology clinics. Women who met the following criteria were in-

vited to participate in the control arm of the study: (1) regular men-

strual cycle quantity and duration for at least 6 months prior to enroll-

ment; (2) no evidence of hyperandrogenism such as hirsutism or acne 

development; (3) ovaries that were free of any cysts on an ultrasound 

examination by the study gynecologist; and (4) normal hormonal pro-

file. Women who were affected with Cushing syndrome, syndromes of 

severe insulin resistance, androgen-secreting neoplasms, thyroid dys-

function, congenital adrenal hyperplasia, or hyperprolactinemia were 

excluded from both study arms. Normally menstruating women were 

recruited after women with PCOS, and the two groups were matched 

by body mass index (BMI) and age. The PCOS women were grouped 

by BMI (<25.0, 25.0–29.9, or ≥30.0 kg/m2) and age (≤18, 19–24, 25–29, 

or ≥30 years). Frequency matching was then performed during the re-

cruitment of normally menstruating women.

3. Data Collection
During each patient’s visit to the gynecology clinic, the study was ex-

plained and written consent was requested. Patients who met the eli-

gibility criteria described above were interviewed by the attending gy-

necologist and relevant information was collected by a clinical re-

search coordinator into a structured data collection sheet. Height, 

weight, and age were recovered from the patients’ medical records. 

The formula BMI=weight (kg)/(height [m]2) was used to calculate BMI.

4. Blood and Serum Sample Collection
The blood withdrawal was performed after an overnight fast. Blood 

samples were divided into an ethylenediaminetetraacetic acid (EDTA) 

tube (5 mL of blood; AFCO, Amman, Jordan) and a clot activator with 

gel plain tube (10 mL blood; AFCO, Jordan). Blood in the EDTA tube 

was used for the DNA extraction. To recover the serum, blood in the 

plain tubes was centrifuged at 4,000×g for 7 minutes and later used to 

determine adiponectin concentrations.
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5. Adiponectin Measurements

Adiponectin concentrations were determined using an enzyme-linked 

immunosorbent assay kit according to the manufacturer’s instructions 

(R&D Systems, Minneapolis, MN, USA). Absorbance at 450 nm was 

determined on an ELx800 Microplate Reader (BioTek Instruments, 

Winooski, VT, USA).

6. DNA Extraction and Genotyping
Whole blood was used to purify genomic DNA using a QIAamp DNA 

Blood Mini Kit purchased from Qiagen (Hilden, Germany) according 

to the manufacturer’s instructions. Following DNA extraction, the final 

DNA concentration was measured spectrophotometrically using an 

ND-2000 Nanodrop (Thermo Scientific, Waltham, MA, USA). Poly-

merase chain reaction–restriction fragment length polymorphism 

(PCR-RFLP) was used to genotype all three SNPs of the ADIPOQ gene. 

The final volume of all PCR reactions was 25 mL. The reaction mixture 

contained GoTaq Green Master Mix (Promega, Madison, WI, USA), 5 

ng of DNA and 0.4 mM forward and reverse primers. The sequence of 

the primers used for genotyping each SNP, size of the corresponding 

PCR amplicon, and name of the restriction enzyme used for genotyp-

ing are shown in Table 1. NEB (New England BioLabs, Ipswich, MA, 

USA) was the source of all restriction enzymes. The undigested PCR 

amplicons and the products of restriction enzyme digestion were elec-

trophoresed on a 3% agarose gel containing ethidium bromide. Ultra-

violet light was used to visualize the products. The genotyping results 

were confirmed by direct Sanger sequencing performed at Princess 

Haya Biotechnology Center.

7. Statistical Analysis
IBM SPSS software ver. 22.0 (IBM Corp., Armonk, NY, USA) was used 

to conduct the statistical analyses. Student t-test was used to identify 

whether significant differences existed in serum adiponectin levels be-

tween normally menstruating and PCOS women. Pearson’s chi square 

test was used to examine whether an association existed between each 

ADIPOQ SNP and PCOS. Multinomial logistic regression was used in 

the multivariate analysis using the following variables: age, BMI, adi-

ponectin, rs2241766, rs1501299, and rs266729.

RESULTS

1. Demographic Data
During the 7-month recruitment period, 154 PCOS and 149 normally 

menstruating women were recruited. Normally menstruating women 

were matched with PCOS women by BMI and age as shown in Table 2. 

No significant differences in BMI or age were observed between PCOS 

and normally menstruating women (Table 2).

2. Association between Adiponectin, Adiponectin Gene 
Variations, and Polycystic Ovary Syndrome

This study aimed to investigate whether an association exists between 

serum adiponectin levels and PCOS in Jordan by comparing serum 

adiponectin levels between normally menstruating and PCOS women. 

In normally menstruating women, the mean adiponectin levels were 

7.916±0.3970 mg/mL. The serum adiponectin levels in PCOS women 

were significantly lower (6.582±0.2871 mg/mL, P=0.0064) (Figure 1).

Table 1. Location and genotyping strategy of ADIPOQ SNP

SNP ID Location and base change Forward primer (5’ to 3’) Reverse primer (5’ to 3’) Product size (bp) Restriction enzyme

rs266729 Promoter region (C/G) 5’ ACTGTGGAGATGATATCTGG ’3 5’ CATTTTGACAGCTACCTTGG ’3 412 Hha1
rs1501299 Intron2 (G/T) 5’ TGACCAGGAAACCACGACTC ’3 5’ CCATCTACACTCATCCTTGG ’3 341 BsmI
rs2241766 Exon 2 (T/G) 5’ AGTAGACTCTGCTGAGATGG ’3 5’ ACATTCTTACCTGGATCTCC ’3 333 BspH1

SNP, single nucleotide polymorphism.

Table 2. Participants’ demographic characteristics

Characteristic
Normally  

menstruating  
women (n=149)

Women with polycystic 
ovarian syndrome 

(n=154)
P-value

Age (y) 24.2±5.1 23.9±5.1 0.50
   ≤18 12.2 10.7
   19–24 45.8 47.3 0.96
   25–29 25.2 24.0
   ≥30 16.8 18.0
Body mass index (kg/m2) 26.2±5.9 26.6±5.8 0.80
   <25.0 46.0 45.5
   25.0–29.9 28.5 26.5 0.85
   ≥30.0 25.5 28.0

Values are presented as mean±standard deviation or %. P-values were calculated 
by Student t-test. Figure 1. Adiponectin levels in normally menstruating or PCOS women. Values are 

presented as mean±standard error of the mean. Adiponectin levels were significantly 
lower in PCOS compared to normally menstruating women. PCOS, polycystic ovarian 
syndrome. **Indicates significant differences between the two groups (P<0.01).
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 The association between several SNPs of the ADIPOQ gene and in-

sulin resistance was previously reported.20) Considering the central 

role insulin resistance presumably plays in PCOS, we evaluated the as-

sociation between three SNPs (rs266729, rs1501299, and rs2241766) 

and PCOS. These SNPs are located on different areas of the ADIPOQ 

gene and represent the promoter (rs266729), intron number 2 

(rs1501299), and exon number 2 (rs2241766) (Figure 2). These SNPs 

were all genotyped using the PCR-RFLP strategy. The genotype fre-

quencies of all three SNPs in normally menstruating and PCOS wom-

en are shown in Table 3. Our results showed significant differences in 

the genotype frequencies of rs1501299 between normally menstruat-

ing and PCOS women (P=0.01) (Table 3).

 The results above motivated us to perform a multivariate analysis 

with all study variables in the model. Our analysis showed that lower 

adiponectin levels remained associated with PCOS (P=0.001; odds ra-

tio [OR], 0.9; 95% confidence interval [CI], 0.84–0.96) (Table 4) even af-

ter the inclusion of age, BMI, rs266729, rs1501299, and rs2241766 in 

the model. Moreover, the above analysis also showed that the GT gen-

otype of rs1501299 increased the risk of PCOS (P<0.001; OR, 5.46; 95% 

CI, 2.42–12.33) relative to the TT genotype. A similar result was ob-

served for the GG genotype of rs1501299, where it also increased the 

risk of PCOS relative to the TT genotype (P<0.001; OR, 3.00; 95% CI, 

1.36–6.60).

DISCUSSION

The results of this study add to a growing body of evidence that a link 

exists between lower adiponectin levels and PCOS. Although this as-

sociation was documented in several populations of various genetic 

backgrounds, this was the first study to investigate whether such an as-

sociation exists in a Jordanian population. Furthermore, in addition to 

the association between PCOS and lower serum adiponectin protein 

levels, we found that a SNP (rs1501299) of the ADIPOQ gene was asso-

ciated with PCOS. Specifically, in the multivariate analysis, we ob-

served that the G allele of rs1501299 significantly increased the risk of 

PCOS in our population. This result supports our observation that 

lower adiponectin levels are associated with PCOS because previous 

reports have found that the T allele of rs1501299, presumably the pro-

tective allele, is associated with higher adiponectin expression levels.21) 

The exact mechanism by which this allele affects adiponectin expres-

sion and/or PCOS risk remains undetermined. However, rs1501299 is 

an intronic variant located in an area of the intron that expresses long 

non-coding RNA.22) These RNA species were shown to regulate gene 

expression23) and potentially affect the expression of gene products, in-

cluding adiponectin, that are mechanistically involved in PCOS devel-

opment. This hypothesis, however, requires further testing in cellular 

and animal models.

 Noteworthy was the finding that rs1501299 was the only SNP associ-

ated with PCOS among the three investigated SNPs. There could be 

several reasons for this: (1) rs1501299 may not be in linkage disequilib-

rium with the two other SNPs and thus could be part of a different 

chromosomal region that influences PCOS development; (2) neigh-

boring population-specific SNPs could be present that could specifi-

Table 3. Genotype frequencies of rs266729, rs1501299, and rs2241766 SNPs in 
normally menstruating and PCOS women

SNP ID Genotype
Normally menstruating 

women (n=149)
PCOS women 

(n=154)
P-value

rs266729 CC 59.1 (88) 54.5 (84) 0.37
CG 36.2 (54) 38.0 (58)
GG 4.7 (7) 9.1 (14)

rs1501299 GG 42.3 (64) 40.7 (62) 0.01
GT 35.6 (54) 49.7 (77)
TT 22.2 (33) 9.6 (15)

rs2241766 TT 62.4 (93) 59.5 (92) 0.85
GT 28.2 (42) 30.8 (48)
GG 9.4 (14) 9.1 (14)

Values are presented as % (number). P-values were calculated by Pearson’s chi-
square test.
SNP, single nucleotide polymorphism; PCOS, polycystic ovarian syndrome.

Table 4. Multivariate analysis of study participants with BMI, age, adiponectin, 
rs266729, rs1501299, and rs2241766 as variables

Variable Genotype
Odds ratio  

(95% confidence interval)
P-value

BMI (kg/m2) - 1.01 (0.97–1.06) 0.579
Age (y) - 0.96 (0.92–1.01) 0.132
Adiponectin (mg/mL) - 0.90 (0.84–0.96) 0.001
rs266729 CC 1

CG 2.41 (0.88–6.60) 0.089
GG 1.12 (0.67–1.86) 0.674

rs1501299 TT 1
GT 5.46 (2.42–12.33) 0.000
GG 3.00 (1.36–6.60) 0.006

rs2241766 GG 1
GT 1.30 (0.55–3.05) 0.653
TT 0.83 (0.38–1.84) 0.546

P-values were calculated by multinomial logistic regression.
BMI, body mass index.

Figure 2. Schematic representation of the 
ADIPOQ gene structure with the relative 
locations of the rs266729, rs1501299, and 
rs2241766 single nucleotide polymorphisms.
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cally modify the effect of rs1501299 on PCOS but not those of the other 

two SNPs; and (3) the effect of the two other SNPs on PCOS could be 

smaller, so our population may not be large enough to detect an asso-

ciation.

 The association of rs1501299 of the ADIPOQ gene with PCOS sug-

gests that adiponectin levels and PCOS risk accordingly could be ge-

netically determined. This observation supports those of the case-

control study published by Mirza et al.,24) which found that females 

with a family history of PCOS are more likely to have lower adiponec-

tin levels than women with no family history of PCOS. Both of our 

studies support the notion that adiponectin levels are genetically de-

termined, which could also explain the genetic predisposition ob-

served in several diseases where insulin resistance, influenced by adi-

ponectin levels, plays an important role in disease etiology.

 Panidis et al.25) compared the adiponectin levels of women with 

PCOS to those of normally ovulating women without hyperandrogen-

ism. In his analysis, he further stratified PCOS women into two groups 

by BMI (<25.0 or ≥25.0 kg/m2). In contrast to our results, Panidis et al.25) 

found that adiponectin levels were only lower in obese PCOS women 

relative to normally ovulating women or non-obese PCOS women and 

concluded that adiponectin might not contribute to the pathophysiol-

ogy of PCOS. Although this study also examined the relationship be-

tween adiponectin and other metabolic markers of insulin resistance, 

the normal ovulating women group was relatively small (n=15) and 

not matched to the PCOS women.

 Our finding that adiponectin concentrations are lower in PCOS 

women relative to normally menstruating women in Jordan highlights 

approaches that can be used to mitigate the metabolic effects and/or 

clinical manifestations of this disease. Indeed, our results support the 

notion that PCOS and/or its complications could be treated by a phar-

macological increase in serum adiponectin levels. Certain drug classes 

such as PPAR-gamma agonists can increase serum adiponectin levels 

and mitigate insulin resistance.26) Indeed, thiazolidinediones (PPAR-

gamma agonists) reportedly enhance the fertility of PCOS women.27) 

Considering the findings of this study, whether thiazolidinediones are 

superior drugs for treating fertility and other complications of PCOS 

than other insulin sensitizers (e.g., metformin) remains to be deter-

mined in controlled clinical trials.

 Lower adiponectin levels are associated with obesity,13) a major risk 

factor of PCOS development.2) The fact that normally menstruating 

women recruited to participate in this study were matched with PCOS 

women by BMI excludes BMI as a confounding variable in our analy-

ses. Body fat distribution is an important confounding variable of the 

relationship between adiponectin and PCOS.28) Unfortunately, our 

study failed to include any indicators of body fat distribution such as 

waist-hip and visceral fat ratios. This, however, is a future direction of 

our research team.

 In conclusion, our research group was the first to report lower levels 

of adiponectin in PCOS women in Jordan and the first to report that 

SNPs in the ADIPOQ gene modify PCOS risk. These results require 

further validation in larger studies across multiple institutions.
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