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Abstract 52 

Context: Polycystic ovary syndrome (PCOS) is reported to be associated with an increased risk 53 

of metabolic syndrome (MS). However, it is unknown if that association is linked with the 54 

individual clinical characteristics of PCOS, or that it confounded by body mass index (BMI). 55 

Objective: We aimed to evaluate the associations of endocrine and ultrasound characteristics 56 

with MS in women with PCOS. We hypothesized that these associations are modified by BMI. 57 

Design and setting: Secondary analysis of baseline data from a randomized controlled trial of 58 

PCOS for ovulation induction. 59 

Participants: Oligo-anovulatory Chinese women with PCOS according to Rotterdam 2003 60 

criteria complicated with or without MS according to Chinese Diabetes Society criteria. 61 

Main Outcome Measure: Association of MS with baseline clinical and biochemical 62 

measurements. 63 

Results: Among 947 women with PCOS, 153 (16.2%) were diagnosed with MS. The prevalence 64 

of MS in women with normal (<24) and increased (24) BMI was 3.6% and 30.5%, respectively. 65 

In all women, high free androgen index (FAI5%) was positively associated with MS (OR 2.06, 66 

95%CI 1.11-3.82). High FAI was positively associated with MS among women with increased 67 

BMI (OR 3.37, 95%CI 1.78-6.37), but the association was not significant in women with normal 68 

BMI (OR 1.27, 95%CI 0.34-4.70). The presence of polycystic ovary (PCO) morphology was 69 

negatively associated with MS (OR 0.52, 95%CI 0.26-1.03) in all women (normal BMI OR 0.42, 70 

95%CI 0.11-1.67; increased BMI OR 0.54, 95%CI 0.23-1.28, respectively). Luteinizing hormone 71 

(LH), Sex hormone binding globulin (SHBG), and anti-mullerian hormone (AMH) were negatively 72 

associated with MS. The associations of FAI, SHBG, and AMH in relation to MS were 73 

significantly modified by BMI.  74 

Conclusions: The prevalence of MS is low in lean women with PCOS. In women with PCOS, 75 

FAI is positively associated with MS, while PCO morphology is negatively associated. The 76 
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presumed cardiovasculair risk in women with PCOS is mediated by BMI, and does not hold for 77 

lean women.78 
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Introduction 79 

 80 

Polycystic ovary syndrome (PCOS), characterized by anovulation, infertility, and androgen 81 

excess, is the most common endocrine disorder in women of reproductive age1. These 82 

manifestations typically provide the impetus to seek medical evaluation. However, metabolic 83 

comorbidities are commonly found in women with PCOS and could be more important 84 

determinants of overall and long-term health2-4.  85 

Metabolic syndrome (MS) is a clustering of disorders including abdominal obesity, high blood 86 

pressure, high blood glucose, high serum triglycerides, and low high-density lipoprotein (HDL) 87 

levels, which is associated with the risk of developing cardiovascular disease and type 2 88 

diabetes. In general, women with PCOS have a higher chance to develop MS (odds ratio 2.2) 89 

compared to women without PCOS5-7. However, PCOS is a heterogeneous disorder in terms of 90 

its link with metabolic disorder. The association is much stronger in the classic PCOS phenotype 91 

that presents hyperandrogenism and oligo-anovulation than in the ovulatory or 92 

non-hyperandrogenic phenotype8-10. On the basis of traditional phenotyping, personalized 93 

diagnosis according to clinical characteristics would capacitate more accurate foreseeing of the 94 

long-term health consequences of PCOS, thereby facilitating the peace of mind of women with 95 

PCOS and individualized treatment strategy. There is limited evidence indicating that 96 

characteristics including age, acanthosis, and free androgen index (FAI) are positively 97 

associated with MS, while sex hormone-binding globulin (SHBG) is inversely associated with the 98 

risk of MS in women with PCOS11. However, the application of these findings is hampered by the 99 

small sample size of the study, likely confounding, and various diagnostic criteria of PCOS used.   100 

Overweight and obesity are the most important factors responsible for the metabolic 101 

heterogeneity of PCOS1. While an excess of androgen secretion is a prerequisite for developing 102 

PCOS, obesity is suggested to be an effect magnifier for hyperandrogenism, allowing obese 103 
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women with mild hyperandrogenism to develop PCOS1,12. In the general population, obese 104 

adolescent and adult women are 8 to 17 times more likely to be identified as MS than their lean 105 

counterparts12,13. Obesity was found to be associated with MS in adolescents with PCOS but not 106 

in adolescents without PCOS 14. Moreover, increased prevalence of MS was found in overweight 107 

or obese women with PCOS (OR 1.88, 95% 1.16, 3.04) but not in lean women (OR 1.45, 95% CI 108 

0.35, 6.12)15. Thus, it is reasonable to hypothesize that BMI is an effect modifier for the 109 

associations between clinical characteristics and MS in women with PCOS.    110 

In this study, we utilized the baseline data of a large-scale, multicenter, randomized control trial 111 

of PCOS to determine the associations of endocrine and ultrasound characteristics of PCOS with 112 

MS and examine interactions between BMI and clinical characteristics.113 
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Materials and Methods 114 

Participants 115 

This is a secondary analysis of the baseline characteristics of Chinese women with PCOS 116 

participated in the PolyCystic Ovary Syndrome Acupuncture plus Clomiphene Trial (PCOSAct)16. 117 

PCOSAct was a large-sample, multi-center, randomized controlled trial of ovulation induction in 118 

women with PCOS conducted between 2012 and 2015 in mainland China. The trial was 119 

registered in ClinicalTrial.gov (NCT01573858) and chictr.org.cn (ChiCTR-TRC-12002081). The 120 

study protocol had been described elsewhere17, and the main results were published in details16. 121 

In this trial, participants were women diagnosed with PCOS according to the modified Rotterdam 122 

criteria18, who all had oligo-or anovulation (OA) with either clinical/biochemical hyperandrogenism 123 

(HA) or polycystic ovary (PCO) morphology, but no HA and PCO without OA (ovulatory PCOS). 124 

Exclusion criteria were other endocrine disorders, use of hormonal or other medication including 125 

Chinese herbal prescriptions in the past 2 months, miscarriage or given birth within 6 weeks, and 126 

breastfeeding within the last 6 months.  127 

Demographic and clinical data 128 

Participating women underwent an interview at baseline to obtain information on 129 

socio-demographics, health history, reproductive history, and menstruation. Oligomenorrhea 130 

was defined as an intermenstrual interval >35 days and <8 menstrual bleedings in a year, and 131 

amenorrhea was defined as an intermenstrual interval >90 days19. Participants also underwent a 132 

complete physical examination at baseline, including weight and height measurement, waist 133 

circumference, systolic blood pressure (SBP), diastolic blood pressure (DBP), skin and hair 134 

condition, and transvaginal ultrasound examination of the ovaries. We computed body mass 135 

index (BMI). Hirsutism was scored in accordance with the modified Ferryman-Gallwey (mF-G 136 
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score20. Clinical HA was defined as mF-G score ≥521. Acne was measured using a standard 137 

acne lesion assessment diagram and definition22. Acanthosis nigricans (AN) severity was 138 

evaluated according to the neck severity scale23. PCO morphology was diagnosed by 139 

transvaginal ultrasound when at least one ovary had a volume of >10cm3 or there were 12 or 140 

more follicles measuring 2-9 mm in diameter24. 141 

Biochemical data 142 

Baseline laboratory measurements were performed after an overnight fast. Sex steroids and 143 

gonadotropins, total testosterone (TT), free testosterone (FT), sex hormone binding globulin 144 

(SHBG), estradiol, progesterone, luteinizing hormone (LH), and follicle-stimulating hormone 145 

(FSH), glucose, triglyceride, and high-density lipoprotein (HDL) were measured at the core 146 

laboratory in Heilongjiang University of Chinese Medicine. All sex hormones were analyzed by 147 

electro-chemiluminescent immunoassays, except for FT, which was measured by 148 

radioimmunoassay (RIA). Glucose and lipid profiles were measured by enzymatic methods. 149 

Anti-mullerian hormone (AMH) was measured by Ultra-Sensitive AMH ELISA assay (Wester, Tx, 150 

USA) at the laboratory of reproduction and development in the Chinese University of Hong Kong, 151 

Prince of Wales Hospital. Baseline FAI was calculated as a percentage ratio of total testosterone 152 

to SHBG values. Biochemical HA was defined as TT ≥1.67 nmol/L or AFI >5%25.  153 

Outcome 154 

MS was diagnosed according to the most updated China Diabetes Society (CDS) criteria26 with at 155 

least three of the following: 1) abdominal obesity defined as waist circumference ≥85 cm for 156 

women; 2) hyperglycemia defined as fasting peripheral glucose ≥6.1 mmol/L or plasma glucose at 157 

2h after glucose load ≥7.8 mmol/L and/or diagnosed with diabetes and receiving treatment; 3) 158 

hypertension defined as blood pressure ≥130/85 mmHg and/or having been confirmed with 159 
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hypertension and receiving treatment; 4) fasting triglycerides ≥1.7 mmol/L; 5) fasting HDL-C 160 

<1.04 mmol/L.  161 

Statistical analysis 162 

Data were described as frequencies and percentages for categorical data; or median and 163 

interquartile range (IQR) for numerical data after examining normality. We first analyzed the 164 

associations between individual characteristics of PCOS (age, acne, acanthosis, menstrual 165 

cycles, duration between menstruation, oligo-amenorrhea, hirsutism, TT, FT, FAI, PCO 166 

morphology, LH, FSH, progesterone, estradiol, SHBG, and AMH) and MS with univariable 167 

logistic regression in all women. As there were missing values for TT (4.06%), FAI (5.07%), PCO 168 

morphology (4.77%), LH (4.26%), FSH (4.26%), progesterone (4.46%), estradiol (4.16%), SHBG 169 

(4.56%), and AMH (1.72%), we performed multiple imputation using chained equations (50 170 

iterations) prior to multivariable analysis. We then performed multivariable logistic regression to 171 

calculate the odds ratio (OR) and 95% confidence interval (95% CIs) for the association between 172 

clinical and endocrine variables related to MS risk. Further, we performed subgroup analysis (low 173 

BMI<24 and high BMI24) by including significant variables in the previous multivariable 174 

regression. We used the medians of hormones as cut-offs in the subgroup analysis to highlight 175 

the difference in their associations with MS between the two subgroups. We then computed 176 

multiplicative interaction between variables included in the subgroup analysis and BMI. We also 177 

performed a sensitivity analysis by equally dividing participants according to quartiles of BMI 178 

(BMI<21.0, 21.0BMI23.7, 23.7BMI26.7, BMI26.7) in all women. Finally, receiver operating 179 

characteristic curve with both discrimination and calibration analyses was performed in both 180 

subgroups (low BMI<24 and high BMI24). Statistical significance for all analyses was defined 181 

as a two-tailed P value of less than 0.05. Data analysis was performed using Stata Version 13.0 182 

(Stata Corp., College Station, TX). 183 

184 
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Results 185 

Out of the 1000 women recruited in PCOSAct, metabolic status was available in 947 women with 186 

PCOS, of whom 153 (16.2%) were diagnosed with MS according to the criteria of CDS. 187 

Compared with oligomenorrhea women with PCO morphology alone, those who had clinical or 188 

biochemical HA with (OR 2.39, 95%CI 1.61-3.55) or without (OR 2.58, 95%CI 1.28-5.20) PCO 189 

morphology had elevated risk of MS. 190 

In all women, amongst all endocrine characteristics, high FAI (5%) was positively associated 191 

with MS (OR 2.06, 95% CI 1.11-3.82), while LH, SHBG, and AMH were negatively associated 192 

with MS (OR 0.93, 95% CI 0.89-0.98; OR 0.98, 95% CI 0.96-0.99; OR 0.95, 95% CI 0.92-0.99, 193 

respectively). (Table 1) The association between PCO morphology and MS was borderline 194 

significant (OR 0.52, 95%CI 0.26-1.03). Clinical HA, TT, FT, FSH, estradiol, and progesterone 195 

were not significantly associated with MS. 196 

In subgroup analysis, the prevalence rates of MS in women with low (<24) and high (≧24) BMI 197 

were 3.56% and 30.54%, respectively. In women with high BMI, high FAI (5%) was positively 198 

associated with MS (OR 3.37, 95% CI 1.78-6.37), but PCO morphology was not significantly 199 

associated with MS (OR 0.54, 95% CI 0.23-1.28). In women with low BMI, neither FAI (OR 1.27, 200 

95% CI 0.34-4.70) nor PCO morphology (OR 0.42, 95% CI 0.11-1.67) was significantly 201 

associated with MS. In women with low BMI, low median SHBG (33.90pmol/L) was positively 202 

associated with MS (OR 3.98, 95%CI 1.06-14.91), but the OR inverted to 0.61 (95% CI 0.32-1.14) 203 

in women with high BMI. Low AMH (11.42 ng/ml) was associated with MS (OR 1.60, 95% CI 204 

1.03-2.48) in women with high BMI and the association was likely stronger in women with low 205 

BMI (OR 2.15, 95% CI 0.74-6.29). (Table 2) The p-values for the interaction of BMI in relation to 206 

FAI, PCO morphology, LH, SHBG, and AMH were 0.014, 0.537, 0.081, 0.005, and 0.005, 207 
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respectively. We also observed the pattern of effect modification of BMI in the sensitivity analysis. 208 

(Figure 1) 209 

ROC analysis incorporating age, FAI, PCO morphology, LH, SHBG, and AMH presented good 210 

discrimination (AUC 0.84, 0.75-0.93) and calibration in women with low BMI. In women with high 211 

BMI, the discrimination (AUC 0.63, 0.58-0.69) and calibration of ROC were poor. (Figure 2)  212 
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Discussion 213 

In this study, we demonstrated that in women with PCOS, the prevalence of MS is strongly 214 

dependent on BMI, with MS being present in 3.6% in normal weight women and 30.5% in 215 

overweight women. PCO morphology was negatively associated with MS, but the association 216 

was not statistically significant in either normal weight or overweight women. High FAI was 217 

positively associated with MS only in women with high BMI, but not in women with low BMI. 218 

SHBG was positively associated with MS in women with BMI <24 but negatively associated with 219 

MS in women with increased BMI. The associations of FAI, AMH, and SHBG in relation to MS 220 

were significantly modified by BMI.  221 

 222 

It had been documented that there was an inverse association of SHBG with MS incidence in 223 

women with and without PCOS27,28, but not the FAI29. In Ko’s study, the MS was defined 224 

according to International Diabetes Federation criteria and the sample size was small (n=25), 225 

which had a high chance to incur inaccurate estimations due to bias. Here, we comprehensively 226 

evaluated the association of clinical and endocrine characteristics of PCOS with MS using 227 

high-quality data of a large randomized controlled trial. To further minimize bias and increase 228 

statistical power, we dealt with the missing data by employing multiple imputation prior to 229 

multivariable analysis. We not only found that SHBG and FAI were associated with MS in women 230 

with PCOS, but also discovered that BMI was an effect modifier for the associations between 231 

FAI, AMH and SHBG and MS in women with PCOS. Nevertheless, the present study still has 232 

several limitations. First, the risk of MS for ovulatory women with HA and PCO was not available 233 

to evaluate. Second, this was a cross-sectional study, and thus the findings warrant to be 234 

validated in future cohort studies. Finally, we could not evaluate the effect modification of BMI in 235 

women without PCOS. 236 
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Clinical HA, namely hirsutism, ranges from 6.1% to 10% in women with PCOS in China, yet the 237 

prevalence of biochemical HA could be as high as 21.1%21,30. Biochemical HA was found to be 238 

independently associated with the risk for MS (OR 2.1) and obesity (OR 1.7) among women with 239 

PCOS31,32. For clinical HA, there have been inconsistent findings for the association of MS and 240 

hirsutism which was defined as mFG score of ≥833,34. In this study, instead of clinical HA, we 241 

found that biochemical HA defined according to FAI≥5%, was positively associated with MS. 242 

Apart from HA, the MS development in women with PCOS depends on several factors such as 243 

high BMI. Obesity is an independent risk factor for many diseases including MS, diabetes 244 

mellitus, and cardiovascular diseases. Our study demonstrated that overweight PCOS women 245 

with high FAI bear a significantly higher risk of MS, but the risk in lean women with PCOS is low. 246 

Apart from medication, the management of both PCOS and MS includes lifestyle changes, 247 

especially for weight optimization which has multiple clinical and personal benefits. Weight loss 248 

in overweight subjects could reduce the risk of suffering diabetes and death from cardiovascular 249 

causes by 28% 36and 21%35, respectively. At present, clinicians often only focus on infertility in 250 

women with PCOS, resulting in an underestimation of the risk of MS and other long-term 251 

diseases. In general, women with PCOS have an 11-fold increase in the prevalence of MS 252 

compared with their age-matched controls37. Although MS screening and precautionary 253 

measures are required for women with PCOS, given the low prevalence of MS in lean patients 254 

and the effect modification of BMI found in this study, when it comes to MS screening and 255 

prevention, it is reasonable to focus on overweight women with PCOS, especially those with high 256 

FAI. Such an attempt may save medical input and avoid unnecessary psychological stress 257 

imposed on lean PCOS patients concerning long-term MS hazards.    258 

Our study shows that in PCOS women with low BMI, the diagnosis of PCOS according to the 259 

Rotterdam criteria, apart from infertility, has limited value for the prognosis and treatment in 260 

these population. The Rotterdam criteria, widely used to diagnose the PCOS, expanded the 261 
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criteria from the National Institutes of Health (NIH) to include polycystic ovaries, resulting in 262 

approximate 2- to 3-fold increase of prevalence38,39. This rise is due to the inclusion of more 263 

phenotypes, along with the increases in obese population, disease awareness, and sensitivity of 264 

tests. The over-diagnosis tends to result in a rise in milder cases40. Indeed, polycystic ovaries are 265 

present in many women in general population without PCOS41. Acne and oligomenorrhoea are 266 

also common features of pubertal development in adolescence42. Menstrual irregularity and 267 

sporadic high free testosterone may occur in a substantial proportion of younger women7. In 268 

addition to the questionable using of the criteria in adolescents and young women, more 269 

importantly, non-hyperandrogenic phenotypes of PCOS do not have the similar associated 270 

adverse implications as the hyperandrogenic phenotypes, and labelling low BMI women with 271 

PCOS might negatively impact their physical and psychological health, inducing fear and anxiety 272 

about future fertility, MS and long term health43. Our study shows that applying a one-size-fits-all 273 

diagnostic criteria to heterogeneous presentations of symptoms in PCOS is not justified. 274 

In summary, we found that the prevalence of MS is low in lean women with PCOS. FAI, PCO 275 

morphology, LH, SHBG, and AMH are associated with MS in women with PCOS. BMI is an effect 276 

modifier for the associations of FAI, SHBG, and AMH in relation to MS. Labeling PCOS appears 277 

to be unnecessarily for low BMI women. These findings echo future cohort studies. 278 
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Legends 436 

Figure 1. Sensitivity ananlysis: adjusted OR of endocrine characteristics with metabolic syndrome in 437 

women with PCOS in subgroups. Patients were divided into four subgroups according to the 438 

quartiles of BMI of all patients. Prevalence of MS: BMI<21.02, 0% (0/237); 21.02≤BMI<23.71, 439 

6.20% (15/242); 23.71≤BMI<26.71, 21.10% (50/237); BMI≥26.71, 38.10% (88/231). 440 

Figure 2. ROC discrimination and calibration of metabolic syndrome in women with PCOS by BMI. 441 

Indicators: Age, FAI, PCO morphology, LH, SHBG, AMH. A, BMI<24 kg/m2,  AUC: 0.84 442 

(0.75-0.93); B, BMI≥24  kg/m2,  AUC: 0.63 (0.58-0.69). 443 



 

Table 1. Association of metabolic syndrome and phenotypes in women with PCOS 
 

PCOS phenotype 
CDS MS 

OR (95%CI) 
negative positive 

Oligomenorrhea + PCO 341 (46.46) 40 (26.49) Reference  

Oligomenorrhea + hyperandrogenism 43 (5.86) 13 (8.61) 2.58 (1.28-5.20) 

Oligomenorrhea + hyperandrogenism + PCO 350 (47.68) 98 (64.90) 2.39 (1.61-3.55) 

n (%) are presented.  
Abbreviations:  CDS MS, China Diabetes Society Criteria for Metabolic Syndrome; PCO, polycystic ovary morphology. 



 
Table 2. Association of metabolic syndrome and clinical characteristics in women with PCOS 

Median (IQR) or n (%) are presented. 
Abbreviations:  CDS MS, China Diabetes Society Criteria for Metabolic Syndrome; CI, confidence interval; IQR, interquartile 
range; OR, odds ratio; FAI, free androgen index; LH, luteinizing hormone; FSH, follicle-stimulating hormone; SHBG, sex 
hormone binding globulin; AMH, Anti-Müllerian hormone 
a Results based on multiple imputation; multivariable analysis including age, acne, acanthosis, menstrual cycles, durations 
between menstrual cycles, oligo-amenorrhea, hirsutism, total testosterone, free testosterone, FAI, polycystic ovary morphology, 
LH, FSH, progesterone, estradiol, SHBG, and AMH. 
b Polycystic ovaries morphology was defined by an antral follicle count of 12 or more or by a volume of more than 10 cm3 in at 
least 1 ovary. 

Variable 
CDS MS Unadjusted 

OR (95%CI) 
Adjusted 

OR (95%CI)a Negative (n=794) Positive (n=153) 

Age (years) 28 (26, 30) 29 (26, 31) 1.08 (1.03-1.14) 1.06 (1.01-1.13) 

Clinical characteristics     

Acne n(%)     

No 535 (67.38) 111 (72.55) Reference Reference 

Yes 259 (32.62) 42 (27.45) 0.78 (0.53-1.15) 0.68 (0.45-1.05) 

Acanthosis (score)     

1 666 (83.88) 111 (72.55) Reference Reference 

�2 128 (16.12) 42 (27.45) 2.00 (1.34-2.99) 1.53 (0.96-2.43) 

Menstrual cycles (time/yrs) 6 (5, 8) 6 (4, 8) 0.91 (0.83-0.99) 0.94 (0.80-1.10) 
Duration between menstruation 
(days) 

60 (45, 72) 60 (45, 90) 1.00 (1.00-1.01) 1.00 (0.99-1.01) 

Oligo-amenorrhea     

Oligomenorrhea n(%) 710 (89.42) 127 (83.01) Reference Reference 

Amenorrhea n(%) 84 (10.58) 26 (16.99) 1.73 (1.07-2.79) 1.18 (0.51-2.72) 

Clinical hyperandrogenism     

Hirsutism (F-G score)      

F-G score <2 288 (36.27) 46 (30.07) Reference Reference 

F-G score 2≤ and <5 305 (38.41) 60 (39.22) 1.23 (0.81-1.87) 0.97 (0.61-1.52) 

F-G score ≥5 201 (25.31) 47 (30.72) 1.46 (0.94-2.28) 1.14 (0.70-1.87) 

Biochemical hyperandrogenism         

Total testosterone (nmol/L)         

<1.67nmol/L 432 (54.89) 74 (48.68) Reference Reference 

1.67≤ and <2.39nmol/L 260 (33.04) 57 (37.50) 1.28 (0.88-1.87) 1.24 (0.78-1.97) 

≥2.39 nmol/L 95 (12.07) 21 (13.82) 1.29 (0.76-2.20) 1.43 (0.70-2.88) 

Free testosterone (pg/mL)         

<3.00 pg/mL 632 (79.60) 113 (73.86) Reference  Reference 

≥3.00 pg/mL 162 (20.40) 40 (26.14) 1.38 (0.93-2.06) 0.99 (0.62-1.59) 

Free androgen index         

<5% 448 (57.58) 37 (24.34) Reference  Reference 

≧5% 330 (42.42) 115 (75.66) 4.22 (2.84-6.27) 2.06 (1.11-3.82) 

Polycystic ovary morphology b         

No 57 (7.62) 14 (9.21) Reference Reference 

Yes 691 (92.38) 138 (90.79) 0.81 (0.44-1.50) 0.52 (0.26-1.03) 

Hormones     

LH (mU/mlL 9.65 (6.39, 14.76) 8.2 (4.71, 11.36) 0.92 (0.89-0.96) 0.93 (0.89-0.98) 

FSH (mU/mL) 6.06 (5.11, 7.08) 5.57 (4.73, 6.85) 0.87 (0.78-0.97) 0.96 (0.84-1.11) 

Progesteone (nmol/L) 1.74 (1.22, 2.44) 1.69 (1.16, 2.27) 0.99 (0.96-1.03) 0.99 (0.94-1.04) 

Estradiol (pmol/L) 200.2 (159, 267.9) 195.3 (164, 250.5) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 

SHBG (pmol/L) 36.2 (23.5, 59.4) 22.5 (5.89, 13.84) 0.96 (0.95-0.97) 0.98 (0.96-0.99) 

AMH (ng/mL) 11.87 (7.54, 16.2) 8.99 (5.89, 13.84) 0.94 (0.91-0.97) 0.95 (0.92-0.99) 



 

Table 3. Association of metabolic syndrome and clinical characteristics in women with PCOS by BMI. 
 

Median (IQR) or n (%) are presented. 
Abbreviations: CDS, china diabetes society; CI, confidence interval; OR, odds ratio; FAI, free androgen index; LH, luteinizing hormone; SHBG, sex hormone 
binding globulin; AMH, Anti-Müllerian hormone; PCOM, polycystic ovary morphology 
a Results based on multiple imputation; multivariable analysis including age, PCOM, FAI, LH, SHBG, and AMH. 
b Polycystic ovaries were defined by an antral follicle count of 12 or more or by a volume of more than 10 cm3 in at least 1 ovary. 
c Median of all patients as cut-off. 

Variable BMI<24   BMI≧24 

  CDS MS negative 
(n=487) 

CDS MS positive 
(n=18) 

OR (95% CI) a,b   CDS MS negative 
(n=307) 

CDS MS positive 
(n=135) 

OR (95% CI) a 

Age (years) 28 (26, 30) 29 (27, 32) 1.17 (1.01-1.36)   28 (26, 30) 29 (26, 31) 1.05 (0.98-1.11) 

FAI               

 <5% 328 (68.91) 8 (44.44) Reference   120 (39.74) 29 (24.64) Reference 

 ≧5% 148 (31.09) 10 (55.56) 1.27 (0.34-4.70)   182 (60.26) 105 (78.36) 3.37 (1.78-6.37) 

PCOM b               

No 44 (9.89) 3 (16.67) Reference   13 (4.29) 11 (8.21) Reference 

Yes 401 (90.11) 15 (83.33) 0.42 (0.11-1.67)   290 (95.71) 123 (91.79) 0.54 (0.23-1.28) 

LH c               

>9.33 mU/mL 285 (58.52) 10 (55.56) Reference   134 (43.65) 51 (37.78) Reference 

≦9.33 mU/mL 202 (41.48) 8 (44.44) 0.94 (0.32-2.77)   173 (56.35) 84 (62.22) 1.36 (0.87-2.12) 

SHBG c               

> 33.90 pmol/L 335 (70.23) 6 (33.33) Reference   94 (30.92) 33 (24.44) Reference 

≦33.90 pmol/L 142 (29.77) 12 (66.67) 3.98 (1.06-14.91)   210 (69.08) 1020 (75.56) 0.61 (0.32-1.14) 

AMH c               

> 11.42 ng/ml 270 (55.44) 6 (33.33) Reference   154 (50.16) 52 (38.52) Reference 

≦11.42 ng/ml 217 (44.56) 12 (66.67) 2.15 (0.74-6.29)   153 (49.84) 83 (61.48) 1.60 (1.03-2.48) 



 

 

Figure 1. Sensitivity ananlysis of metabolic syndrome in women with PCOS according to quatiles of BMI. 
Note: Patients were divided into four subgroups according to the quartiles of BMI of all patients  
Prevalence of CDS: BMI<21.02, 0% (0/237);  21.02≤BMI<23.71, 6.20% (15/242); 23.71≤BMI<26.71, 21.10% (50/237); 
BMI≥26.71, 38.10% (88/231). 
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Figure 2. Prediction value of metabolic syndrome in women with PCOS by BMI. 
Indicators: Age, FAI, PCO, LH, SHBG, AMH. A, BMI<24 kg/m2,  AUC: 0.84 (0.75-0.93); B, BMI≥24  kg/m2,  AUC: 0.63 (0.58-0.69). 
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