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ABSTRACT 56 

 57 

Objectives: Polycystic ovary syndrome (PCOS) is the most common endocrinopathy 58 

of women at reproductive age. Although the etiology of PCOS remains unclear, 59 

potential effects of environmental endocrine-disrupting compounds (EEDCs) on the 60 

development of PCOS has come to notice. The aim of the current study was to 61 

examine the association between triclosan (TCS) and PCOS, and explore possible 62 

mechanisms on how TCS may contribute to the development of clinical 63 

manifestations of PCOS. 64 

Design: Cross-sectional study. 65 

Setting: This study was conducted in one tertiary-level hospital located in Zhejiang, 66 

China. 67 

Participants: A total of 705 infertile women at 18-45 years of age were recruited in 68 

2014 – 2015. Participants with (n=84) and without (n=212) PCOS with urinary TCS 69 

concentration available were included in the analyses. 70 

Methods: Urinary TCS concentration was measured using high performance liquid 71 

chromatography-electrospray ionization tandem mass spectrometry in participants. 72 

Logistic regression model was used to examine the association between TCS and 73 

PCOS. Fractional polynomial regression models were built to fit the potential 74 

nonlinear relationships between TCS concentrations and LH and LH/FSH in 75 

non-PCOS participants. 76 

Results: PCOS group had significantly higher TCS concentration than the non-PCOS 77 
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group [geometric mean of TCS (µg/g creatinine): 1.49 vs. 1.06, p=0.0407]. Compared 78 

to the lowest tertile, the highest tertile of TCS concentration was associated with 79 

increased odds of PCOS [OR=2.12, 95% confidence interval (CI): 1.12, 3.99]. After 80 

adjusting for potential confounders, the significant association remained (OR=1.99, 81 

95%CI: 1.05, 3.79). Nonlinearly positive relationships were found between TCS 82 

levels and LH and LH/FSH ratio in non-PCOS participants. 83 

Conclusions: TCS exposure at a relatively low level is associated with PCOS. Further 84 

epidemiologic studies are needed to confirm our finding, which may have important 85 

public health implications. 86 

 87 

 88 

Strengths and limitations of this study 89 

� The flexibility of the fractional polynomial model in fitting nonlinear 90 

relationships between TCS concentrations and LH and LH/FSH in non-PCOS 91 

participants at relatively low levels of TCS exposure is a strength of this study. 92 

� TCS levels measured at a single point after the onset of PCOS in the current study 93 

may not represent continuous levels of exposure before onset of diseases. 94 

� The inclusion of infertility women with genital tract inflammation in the control 95 

group may have drawn the estimates towards the null. 96 

� Our findings of positively nonlinear association between TCS and symptoms of 97 

PCOS were limited to the range of low-dose TCS exposure in the current study, 98 

which could not be generalized to the high-dose exposure population. 99 

  100 
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Environmental Exposure to Triclosan and Polycystic Ovary Syndrome: a 101 

cross-sectional study 102 

 103 

INTRODUCTION 104 

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy of women at 105 

reproductive age, which encompasses a broad range of signs including 106 

hyperandrogenism, polycystic ovaries, oligo- or anovulation, insulin resistance, and 107 

elevated luteinizing hormone (LH) level.
1
 Elevated LH concentration was observed in 108 

about 60% of women with PCOS,
1 2

 whereas the elevated LH/follicle stimulate 109 

hormone (FSH) would be found in about 95% of the subjects.
3
 Although the etiology 110 

of the syndrome remained unclear, potential effects of environmental 111 

endocrine-disrupting compounds (EEDCs) on the development of PCOS has come to 112 

notice.
4 5

 For example, animal studies have demonstrated that bisphenol A (BPA), a 113 

widely recognized EEDC, is involved in the pathogenesis of PCOS.
4
 BPA has also 114 

been found to be associated with reduced female fertility
6
 and reduced anogenital 115 

distance in male infants.
7
 116 

Triclosan (TCS) is a chlorinated aromatic compound that has a similar chemical 117 

structure to BPA. It is widely used in personal care as well as household products such 118 

as perfumed soaps, shampoo toothpaste, and liquid disinfectants.
8
 
9 10

 Widespread 119 

exposures to TCS have been observed in many countries.
11-14

 Public concerns over the 120 

ubiquitous exposure to TCS and other EEDCs have increased.
12-15

 Evidence from 121 

animal and in vitro studies suggested a variety of hormonal activities of TCS, 122 
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including estrogenic, androgenic and anti-androgenic activities, and disturbance of 123 

thyroid hormone activities,
16-19

 which may all be related to PCOS-like syndrome. But 124 

human studies are few. 125 

Based on the structure activity relationship, we hypothesized that like BPA, TCS 126 

may mimic, alter, or attenuate estradiol and other natural hormone functions.
16

 We 127 

speculated that effects of TCS exposure on reproductive hormones may induce the 128 

development of symptoms of PCOS such as hyperandrogenism, anovulation, elevated 129 

LH. For example, inverse associations were found between TCS exposure and pubic 130 

hair development in girls,
14

 anogenital distance at 3 months of age in boys
12

 and head 131 

circumference at birth.
11

 Although results from human studies were often inconsistent, 132 

these findings suggested that TCS exposure may affect the 133 

hypothalamic-pituitary-gonadal axis and lead to changes in production and action of 134 

reproductive hormones. Thus, we speculated that TCS exposure may contribute to the 135 

pathogenesis of PCOS. The aim of the current study was to examine the association 136 

between TCS and PCOS, and explore possible mechanisms on how TCS may 137 

contribute to the development of clinical manifestation of PCOS. 138 

 139 

METHODS 140 

Study sample. 141 

A total of 705 infertile women at 18-45 years of age were recruited from the Women’s 142 

Hospital, Zhejiang University School of Medicine, in 2014 – 2015. Of them, 118 143 

women were diagnosed of PCOS according to the revised 2003 Rotterdam criteria ,
1
 144 
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while other 556 women were non-PCOS participants; 31 women diagnosed of 145 

infertility due to genital tract malformation with or without surgery were excluded 146 

from this study. Urinary TCS concentration was measured in 84 PCOS and 212 147 

non-PCOS participants. Among the 212 subjects without PCOS, 74 women came to 148 

the hospital due to male infertility for artificial insemination with donor’s semen (AID) 149 

or intra-cytoplasmic sperm injection (ICSI), and 138 women diagnosed of infertility 150 

due to genital tract infection, tubal obstruction or adhesion but with a normal sex 151 

hormone profile. All participants provided written informed consent and the study 152 

protocol was approved by the Ethics Committee of the Women’s Hospital, Zhejiang 153 

University School of Medicine. 154 

An in-person interview was administered by a trained research assistant to collect 155 

information on women’s demographic, environmental exposure and behavioral 156 

characteristics. Clinical information (reproductive history and baseline reproductive 157 

hormones) were abstracted from the medical record. Blood and urine samples were 158 

also collected on the same day as the questionnaire was administered. 159 

 160 

Urine specimen collection and TCS measurements. 161 

About 100 ml urine samples were collected in sterile polypropylene cups at the visit. 162 

Samples were aliquoted to polypropylene storage tubes (15 ml, 430791 CentriStar, 163 

Coring, CA, USA) and stored at -20ºC prior to TCS analysis. Urinary TCS 164 

concentration was measured using high performance liquid 165 

chromatography-electrospray ionization tandem mass spectrometry (HPLC-MS/MS) 166 
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(Agilent 1290-64090, Agilent Technologies, Little Falls, DE, USA). The limit of 167 

detection (LOD) was 0.1ng/mL. TCS concentrations were corrected for urine dilution 168 

by creatinine. Creatinine concentration was measured using enzymatic method on 169 

automatic chemical analyzer (7100 Automatic Analyzer, Hitachi, Tokyo, Japan). More 170 

details on urinary TCS analytical methods were provided elsewhere.
20

 We substituted 171 

(LOD)/2	for the results below LOD. 172 

 173 

Outcomes. 174 

PCOS cases were diagnosed based on the revised 2003 Rotterdam criteria [meeting at 175 

least two out of three criteria: oligo- or anovulation; clinical and/or biochemical signs 176 

of hyperandrogenism; polycystic ovaries and exclusion of other etiologies (congenital 177 

adrenal hyperplasia, androgen-secreting tumors, Cushing’s syndrome)]
1
. Levels of 178 

estradiol, progesterone, LH, and FSH were measured in blood serum collected on the 179 

second or third day of the menstrual cycle, using an automated 180 

electrochemiluminescence immunoassay. 181 

 182 

Data analysis. 183 

Normally distributed variables were presented as means and standard deviance (SD). 184 

The two-tailed unpaired t test was used to evaluate the difference between PCOS and 185 

non-PCOS group. Variables with skewed distribution were described as median and 186 

inter-quartile range (IQR). Wilcoxon two-sample test was used to assess the 187 

difference in skewed distributed variables between two groups. We conducted a 188 
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categorical logistic regression analysis for the association between TCS and PCOS. 189 

Potential covariates included age, education, smoking, alcohol intake, caffeine 190 

consumption, body mass index (BMI) and et al.
12 15

 191 

To explore the potential nonlinear association of TCS exposure with PCOS, 192 

fractional polynomial regression models were used to fit the relationship between 193 

urinary TCS levels and LH, FSH, LH/FSH ratio, estradiol, and progesterone. As an 194 

extension of polynomial regression models, the power terms of TCS concentration are 195 

chosen from a predefined set of values (-2, -1, -0.5, 0, 0.5, 1, 2, 3). More flexibility 196 

can be obtained in fractional polynomial models than polynomial regression models. 197 

Since the first or second-degree of fractional polynomials can provide adequate 198 

flexibility, we chose the best model from first or second-degree of fractional 199 

polynomials without consideration a higher degree model. The best fit model is 200 

defined as the one that maximizes the likelihood (minimizes the deviance).
21 22

 The 201 

alternative models and deviances of the models for relationships between TCS and 202 

LH, LH/FSH and estradiol were shown in Appendix Tables 1-2. Deviance residuals 203 

plotted against urinary TCS concentrations showed no non-random trends or patterns 204 

for the selected models. 205 

Analyses of associations between TCS and reproductive hormones levels were 206 

restricted to non-PCOS participants so that we can avoid the interferences of PCOS 207 

per se. The hormone levels were log-transformed wherever appropriate. Serum level 208 

of estradiol was log10-transformed because of its skewed distribution. LH, FSH, 209 

LH/FSH ratio, and progesterone were left untransformed because of their acceptable 210 
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normal distributions of the residuals. We first fit crude fractional polynomial 211 

regression models. Then we explored adjusted models. All covariates retained in the 212 

aforesaid logistic regression models were retained in this analysis. We further adjusted 213 

estradiol to evaluate the independent effects of TCS on the development of symptoms 214 

of PCOS by controlling feedback regulations of estradiol on LH and FSH. All 215 

analyses were carried out using the statistical package SAS version 9.2 (SAS Institute 216 

Inc., Cary, NC, USA). 217 

 218 

RESULTS 219 

We limited this study to participants with available urinary TCS concentrations. There 220 

were no significant differences in demographic characteristics or reproductive 221 

hormones levels between participants with or without urinary TCS measurements in 222 

either PCOS or non-PCOS group except for education level. But subjects without 223 

TCS measurements had more missing values of tobacco, alcohol, and caffeine 224 

consumption (Appendix Tables 3-4). Finally, a total of 84 infertile women with PCOS 225 

and 212 women without PCOS were retained in the analyses. The mean age of 226 

participants was 31.7 (SD 4.1). Women in the PCOS group were younger and had 227 

higher education levels than those of the non-PCOS group (Table 1). There were no 228 

significant differences between the two groups in tobacco, alcohol, and caffeine 229 

consumption. 18% and 16% of the women were overweight or obese in these two 230 

groups, respectively. Age at menarche and menstrual cycle length were similar 231 

(p=0.0874 and 0.6138, respectively, Table 1). 232 
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 233 

Table 1 Basic characteristics in women with and without PCOS 234 

 PCOS (n=84) Non-PCOS (n=212) p 

Age
a
 30.4 (3.6) 32.2 (4.2) 0.0012 

BMI
a
 21.9 (3.2) 22.0 (3.6) 0.8067 

Overweight
b
 18.1 16.3 0.7091 

Age at menarche
a
 14.0 (1.4) 14.3 (1.8) 0.0874 

Menstrual cycle
a
 30.2 (5.9) 29.8 (5.1) 0.6183 

Education
b
    

 Primary school and below 3.6 7.6 <0.0001 

 Junior and senior high school 40.5 63.7  

 College, university, and postgraduate 

education 

52.4 24.1  

 Missing 3.6 4.7  

Smoking
b
   0.3721 

No 79.8 72.6  

 Yes 2.4 1.9  

 Missing 17.9 25.5  

Alcohol
b
   0.6644 

 No 31.0 33.5  

 Occasionally 39.3 37.7  

 Often 14.3 9.9  

 Missing 15.5 18.9  

Caffeine
b
   0.2101 

 Non 58.3 59.4  

 Occasionally 27.4 20.3  

 Often 4.8 2.8  

 Missing 9.5 17.5  
a 
[�̅	(��)]. 235 
b 
(%). 236 

  237 
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Urinary TCS concentration was above the LOD in 90.5% (76/84) and 83.7% 238 

(185/221) of PCOS and non-PCOS participants, respectively. PCOS group had 239 

statistically significantly higher TCS concentrations (with or without correction for 240 

creatinine) than the non-PCOS group (Table 2). Serum LH concentration was higher 241 

in the PCOS group than that in the non-PCOS group, but the difference was not 242 

statistically significant. Whereas the LH/FSH ratio elevated significantly in the PCOS 243 

group as compared with the non-PCOS group. Decreased estradiol concentration was 244 

observed in the PCOS group. There is no significantly difference in serum FSH or 245 

progesterone between the two groups (Table 2). 246 

 247 

Table 2 Distribution of TCS, LH, FSH, estradiol, and progesterone in women 248 

with and without PCOS 249 

 PCOS (n=84) Non-PCOS (n=212) p 

TCSa b 0.45 (0.25, 1.54) 0.37 (0.14, 0.98) 0.0249 

TCS_Crea c 1.49 (0.68, 3.80) 1.06 (0.52, 3.02) 0.0407 

LHd 9.22 (6.05) , (n=40) 7.81 (7.04), (n=125) 0.2552 

FSHd 5.97 (2.03) , (n=40) 6.57 (1.87), (n=124) 0.0865 

LH/FSH 1.65 (1.05) , (n=40) 1.22 (0.85) , (n=124) 0.0094 

Estradiola e 

 

127.96 (88.55, 229.49), 

(n=40) 

182.90 (116.90, 311.28), 

(n=125) 

0.0164 

Progesteronea b 1.73 (1.16, 2.17) 

(n=39) 

1.85 (1.26, 2.49), (n=122) 0.2625 

a [median (IQR)]. 250 
b ng/mL. 251 
c TCS_Cre: creatinine-corrected TCS concentration; µg/g creatinine. 252 
d [�̅	(��)]; IU/L 253 
e pmol/L 254 

 255 

We fitted a logistic regression model to creatinine-corrected TCS tertiles and the 256 

probability of PCOS. Higher TCS was associated with increased odds of PCOS (P for 257 

Page 13 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019707 on 17 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

14 

 

trend=0.0204). The significantly increased odds ratio of PCOS was showed in the 258 

highest tertile when compared with the lowest tertile [OR=2.12 (95%CI: 1.12, 3.99)]. 259 

After adjusting for covariates, an association of borderline statistical significance was 260 

observed between TCS exposure and increased risk of PCOS in the highest tertile: 261 

OR=1.99 (95%CI: 1.05, 3.79, p=0.0682) (Table 3). 262 

 263 

Table 3 The association between TCS exposure and PCOS 264 

TCS n Crude odds ratio （（（（95% CI））））a p Adjusted odds ratio （（（（95% CI））））b p 

<0.68 101 reference - reference  

0.68-2.21 97 1.55 (0.81, 2.96) 0.8269 1.47 (0.76, 2.84) 0.8780 

>=2.21 98 2.12 (1.12, 3.99) 0.0475 1.99 (1.05, 3.79) 0.0682 

a p-trend crude=0.0204. 265 

b Adjusted for age, education , and BMI; p-trend adjusted=0.0351. 266 

 267 

To explore the association between TCS exposure and the developments of PCOS 268 

symptoms we limited the further analyses to non-PCOS participants. We fitted 269 

fractional polynomial regression models to explore the possible nonlinear associations 270 

between creatinine-corrected TCS and LH, FSH, LH/FSH, estradiol, and progesterone 271 

in non-PCOS group. Non-linear association was found between urinary levels of TCS 272 

and LH in both crude and adjusted models (Table 4). Even after adjusting for estradiol, 273 

trends of the curves were essentially unchanged, but the confidence interval narrowed 274 

significantly (Figure 1). The fitted curves showed that LH increased gradually with 275 

elevated TCS when TCS levels below 1 to 2ng/g. But LH increasing slowed down 276 

when TCS concentration increased further. 277 

 278 

Table 4 Association between TCS and LH and LH/FSH in women without PCOS 279 

based on fractional polynomial regression models 280 
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Response 

variable 

Crude model (n=125)  Adjusted model
b
 (n=122)  Adjusted model

c 
(n=121) 

Transformation 

of TCS 

β 

(SE)
a
 

P Transformation 

of TCS 

β 

(SE)
a
 

P Transformation 

of TCS 

β 

(SE)
a
 

P 

LH TCS
-0.5

 1.70 

(1.66) 

0.3073 TCS
-0.5

 1.74 

(1.72) 

0.3125 TCS
-0.5

 -4.73 

(2.36) 

0.0467 

 ln (TCS) 1.79 

(0.89) 

0.0464 ln (TCS) 1.79 

(0.92) 

0.0538 TCS
-0.5

* ln 

(TCS) 

-1.36 

(0.76) 

0.0774 

LH/FSH TCS
0.5

 0.18 

(0.05) 

0.0005 TCS
0.5

 0.18 

(0.05) 

0.0004 TCS
-0.5

 0.42 

(0.16) 

0.0103 

       ln (TCS) 0.30 

(0.09) 

0.0007 

a 
β (SE): regression coefficient (standard error), obtained through selected fractional polynomial regression models. 281 

b
 Adjusted for age, education, and BMI. 282 

c 
Adjusted for same variables as in b plus estradiol. 283 

 284 

Non-linear associations were also found between TCS and LH/FSH (Table 4). As 285 

depicted in Figure 1, LH/FSH increased slightly with the elevated levels of TCS. The 286 

crude and adjusted models (with and without adjusting for estradiol) were also very 287 

close (red, blue, and black curves, Appendix Figure 1). 288 

 289 

DISCUSSION 290 

Our study showed that PCOS group had significantly higher TCS concentration than 291 

the non-PCOS group. Nonlinear relationships were found between TCS 292 

concentrations and LH and LH/FSH ratio in non-PCOS group. These findings 293 

suggested that TCS may be associated with the developments of PCOS. 294 

Levels of urinary TCS in our study population were somewhat lower than that 295 

reported in Danish women (geometric mean of TCS=1.01ng/mL),
12

 but much lower 296 

than in girls in the United States (geometric mean of TCS=12.4 µg/g creatinine) based 297 

on the data from the Centers for Disease Control and Prevention’s National Health 298 
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and Nutrition Examination Survey (NHANES).
13

A previous study in Beijing reported 299 

serum concentrations of TCS at 0.549 and 0.649 ng/mL in pregnant women with 300 

normal and abnormal fetuses, respectively.
11

 Data of urinary or serum TCS levels in 301 

both normal and PCOS population is limited in China. The difference in TCS levels 302 

across studies may reflect differences in consumer behavior of personal care and 303 

household products among countries and regions. 304 

A variety of reproductive hormone like actions of TCS had been reported in vitro 305 

and animal experiments, including estrogenic, androgenic, and anti-androgenic 306 

effects.
12 17 18 23

Although different mechanisms as well as a high degree of 307 

tissue/organ specificity of TCS may impact dose-dependent responses,
24

 ample 308 

evidence indicated that TCS may have a wide range of actions through its effects on 309 

hypothalamic-pituitary-gonadal axis (HPGA).
12

 The positive association between 310 

TCS and elevated LH concentration and LH/FSH ratio found in a low-dose exposed 311 

population like ours was compatible to the findings in previous studies.
16 25

  312 

Elevated LH concentrations and LH/FSH ratio was a common clinical 313 

manifestation in PCOS patients.
1-3 26

 The positive association between TCS and LH 314 

and LH/FSH ratio in non-PCOS group suggested that TCS may contribute to the 315 

pathogenesis of PCOS. Although reduced LH and FSH concentrations were found to 316 

be associated with increased TCS levels in animal experiment, the TCS exposure 317 

level in the animal study (rats were treated with TCS 20 mg/kg bw/day for a period of 318 

60 days by intubation) was much higher than in human beings in the current study.
27

 319 

Different species, dose, duration, timing, and route of exposure may lead to diverse 320 

Page 16 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019707 on 17 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

17 

 

modes of actions for TCS in vitro, in animal, and epidemiologic studies. 321 

Human TCS exposure mostly came from common personal care and household 322 

products such as perfume soap, shampoo, toothpaste, and liquid detergent. Compared 323 

with TCS exposure levels in general population in the United States and Europe, the 324 

urinary TCS concentrations in both PCOS and non-PCOS group [1.49 (IQR: 0.68, 325 

3.80) and 1.06 (IQR: 0.52, 3.02) µg/g in the PCOS and non-PCOS group, respectively] 326 

were in relatively low levels in our study.
12 13

 We found a positive association between 327 

urinary TCS and the contact frequency with perfume soap/shampoo and liquid 328 

detergent (data no shown). Although it would be difficult to compare the contact 329 

frequency with personal care and household products across studies without 330 

standardized questionnaire, we may speculate that different TCS exposure levels may 331 

be due to different consumer behavior of personal care and household products among 332 

countries and regions. 333 

 334 

Strength and Limitations 335 

To our knowledge, this is the first study that provides evidence of TCS exposure and 336 

the development of PCOS in human. However, several limitations are worth 337 

mentioning. First, the present study was a cross-sectional investigation. TCS levels 338 

were measured at a single point after the onset of PCOS. The concentration may not 339 

represent continuous levels of exposure before onset of diseases. Ideally, we should 340 

measure urinary TCS several times in a prospective cohort study. However, a person’s 341 

lifestyle usually does not change dramatically over time; exposure to environmental 342 
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TCS is likely to be more or less stable. Thus, the spot urinary TCS would reflect a 343 

general exposure level of individual.
28

 Second, the comparison group in this study 344 

consisted of infertility women due to genital tract inflammation and male infertility. 345 

TCS may be associated with both endocrine function and inflammation reaction.
16 29

 346 

The inclusion of infertility women with genital tract inflammation may have drawn 347 

the estimates towards the null. But in a sensitivity analysis, we found no significant 348 

association of TCS with genital inflammation. Neither did we find remarkable 349 

changes in the relationships between TCS and estradiol, LH and FSH after adjusting 350 

for inflammation (data no shown). Third, effects of EEDCs are rarely uniform across 351 

the entire dose-response range.
24

 The whole range of TCS exposure in the current 352 

study was limited to relatively low levels. We could not make interpretation of 353 

reproductive activities of TCS beyond the span of current study. Our findings of 354 

positively nonlinear association between TCS and symptoms of PCOS (elevated LH 355 

and LH/FSH ratio) could not be generalized to the high-dose exposure population. 356 

Finally, although unique, the sample size of the current study is still small. Larger 357 

studies are needed to confirm or refute our finding. 358 

 359 

CONCLUSIONS 360 

TCS exposure was significantly associated with PCOS in a Chinese population. LH 361 

and LH/FSH ratio increased nonlinearly with elevated TCS concentration at a 362 

relatively low level in women with a normal reproductive endocrine function. Further 363 

epidemiologic studies are needed to address this important, modifiable issue that may 364 
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have important public health implications. 365 
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FIGURE LEGENDS 468 

Figure 1 Dot plots and predicted curves based on fractional polynomial models fit for 469 

the association between TCS and LH and LH/FSH 470 
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Grey curves: predicted curve (solid curve) and 95% CI (dashed curves) fit to fractional polynomial 471 

models adjusting for age, education, and BMI. 472 

Black curves: predicted curve (solid curve) and 95% CI (dashed curves) fit to fractional 473 

polynomial models adjusting for age, education, BMI, and estradiol. 474 

 475 

 476 

SUPPLEMENTARY FILE 477 

Appendix Table 1 Fractional polynomial models and deviances for the association 478 

between TCS and LH 479 

Appendix Table 2 Fractional polynomial models and deviances for the association 480 

between TCS and LH/FSH 481 

Appendix Table 3 Basic characteristics in non-PCOS women with and without urinary 482 

TCS concentration measurements 483 

Appendix Table 4 Basic characteristics in PCOS women with and without urinary 484 

TCS concentration measurements 485 

 486 

Appendix Figure 1 Dot plots and predicted curves based on fractional polynomial 487 

models fitted for the association between TCS and LH and LH/FSH 488 

Red solid curves: fractional polynomial models without adjusting for covariates. 489 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and education. 490 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, and estradiol. 491 

 492 
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Appendix 
Appendix Table 1 Fractional polynomial models and deviances for the association between TCS and 

LH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  848.5   840.8   803.5  
-1  841.5   833.9   797.0  

-0·5  836.9   829.6   793.2  
0  835.2   828.1   792.6  
0.5  834.6   827.5   793.1  
1  840.1   832.8   798.4  
2  850.6   843.0   807.2  
3  859.9   852.2   814.9  
Second degree       
p q       

-2 -2  853.1  845.5  808.8 
-2 -1  846.6   839.2   802.7  
-2 -0·5  843.1   835.8   799.6  
-2 0  842.5   835.4   799.9  
-2 0·5  842.5   835.3   801.0  
-2 1  848.0   840.6   806.4  
-2 2  858.4   850.8   815.2  
-2 3  867.7   860.0   822.9  
-1 -1  839.8   832.5   796.0  
-1 -0·5  834.3   827.2   790.7  
-1 0  835.3   828.2   792.7  
-1 0·5  836.0   828.8   794.5  
-1 1  841.4   834.0   800.0  
-1 2  851.7   844.1   808.7  
-1 3  860.8   853.2   816.3  

-0·5 -0·5  832.1   825.0   788.8     

-0·5 0  831.3      824.2      789.0  

-0·5 0·5  832.8   825.6   791.4  

-0·5 1  838.0   830.7   796.5  

-0·5 2  847.7   840.3   804.8  

-0·5 3  856.5   849.1   812.1  
0 0  835.5   828.4   793.7  
0 0·5  832.8   825.6   791.0  
0 1  837.9   830.7   795.5  
0 2  846.4   839.3   802.5  
0 3  854.5   847.4   809.4  

0·5 0·5  833.7   826.6   791.0  

0·5 1  835.3   828.2   791.5  

0·5 2  843.5   836.6   798.3  
0·5 3  851.7   844.8   806.0  
1 1  839.2   832.2   794.2  
1 2  845.6   838.7   800.1  
1 3  854.9   847.9   809.5  
2 2  853.8   846.7   808.6  
2 3  862.3   855.1   817.0  
3 3  870.9   863.6   825.5  
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a
 Value of -2 Log L corresponding to the best-fit model is underlined. 
b
 Adjusted for age, BMI, and education. 
c 

Adjusted for same variables as in + plus estradiol. 
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Appendix Table 2 Fractional polynomial models and deviances for the association between TCS and 

LH/FSH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  326.7   341.4   289.7  
-1  320.2   334.9   283.6  

-0·5  315.5   330.2   280.1  
0  310.8   325.3   276.3  
0.5  306.7      321.0      274.0  
1  311.7   325.9   280.3  
2  323.8   338.0   292.1  
3  334.8   349.1   301.7  
Second degree       
p q       

-2 -2  336.0  350.6  299.3 

-2 -1  329.5   344.2   293.7  
-2 -0·5  325.1   339.7   289.4  
-2 0  321.5   335.8   286.2  
-2 0·5  318.4   332.7   285.3  
-2 1  323.6   337.9   292.1  
-2 2  335.8   350.0   304.0  
-2 3  346.9   361.1   313.7  
-1 -1  322.0   336.6   285.5  
-1 -0·5  314.8   329.2   277.6  
-1 0  312.7   327.0   276.3  
-1 0·5  311.4   325.7   278.1  
-1 1  317.2   331.4   285.6  
-1 2  329.5   343.6   297.9  
-1 3  340.5   354.7   307.5  

-0·5 -0·5  310.5   324.8   272.8  

-0·5 0  307.3   321.6   271.5     

-0·5 0·5  308.3   322.5   275.6  

-0·5 1  314.3   328.5   283.2  

-0·5 2  326.1   340.3   294.9  

-0·5 3  336.6   350.9   304.2  
0 0  310.9   325.2   277.2  
0 0·5  308.7   323.0   276.7  
0 1  314.7   328.9   283.0  
0 2  324.8   339.1   292.1  
0 3  334.0   348.4   300.0  

0·5 0·5  310.2   324.5   277.7  

0·5 1  312.3   326.6   278.6  

0·5 2  321.2   335.6   285.6  
0·5 3  329.6   344.0   293.4  
1 1  316.2   330.7   280.8  
1 2  322.9   337.5   286.5  
1 3  332.2   346.8   296.1  
2 2  331.3   345.8   295.5  
2 3  340.0   354.5   304.4  
3 3  349.0   363.5   313.5  
a
 Value of -2 Log L corresponding to the best-fit model is underlined. 
b 

Adjusted for age, BMI, and education. 
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c 
Adjusted for same variables as in b plus estradiol.  
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Appendix Table 3 Basic characteristics in non-PCOS women with and without urinary TCS 

concentration measurements 

 Without TCS 

measurements (n=344) 

With TCS measurements 

(n=212) 

p 

Age
a
 31.8 (7.4) 32.2 (4.2) 0.4971 

BMI
a
 21.8 (3.9) 22.0 (3.6) 0.1155 

Overweight
b
 14.3 16.3 0.4369 

Age at menarche
a
 14.3 (1.4) 14.3 (1.8) 0.8048 

Menstrual cycle
a
 29.3 (3.8) 29.8 (5.1) 0.2285 

Education
b
   0.0292 

 Primary school and below 4.1 7.6  

 Junior and senior high school 56.0 63.7  

 College, university, and 

postgraduate education 

34.4 24.1  

 Missing 5.5 4.7  

Smoking
b
   <0.0001 

No 42.4 72.6  

 Yes 0.9 1.9  

 Missing 51.3 25.5  

Alcohol
b
   <0.0001 

 No 24.1 33.5  

 Occasionally 19.2 37.7  

 Often 1.7 9.9  

 Missing 54.9 18.9  

Caffeine
b
   <0.0001 

 Non 30.2 59.4  

 Occasionally 16.3 20.3  

 Often 2.0 2.8  

 Missing 51.5 17.5  

LH
a c

 9.53 (9.87), (n=267) 7.81 (7.04), (n=125) 0.0807 

FSH
a c

 7.07 (3.27), (n=268) 6.57 (1.87), (n=124) 0.1099 

LH/FSH
a
 1.35 (0.98), (n=267) 1.22 (0.85) , (n=124) 0.7842 

Estradiol
d e

 195.00 (113.00, 345.20), 

(n=266) 

182.90 (116.90, 311.28), 

(n=125) 

0.6488 

Progesterone
 d f

 1.63 (1.16, 2.34), (n=258) 1.85 (1.26, 2.49),  (n=122) 0.1337 
a [�̅	(��)]. 
b (%). 
c IU/L. 
d [median (IQR)]. 
e pmol/L. 
f ng/mL. 
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Appendix Table 4 Basic characteristics in PCOS women with and without urinary TCS concentration 

measurements 

 Without TCS 

measurements (n=34) 

With TCS measurements 

(n=84) 

p 

Age
a
 30.4 (3.4) 30.4 (3.6) 0.8998 

BMI
a
 22.2 (3.8) 21.9 (3.2) 0.6845 

Overweight
b
 21.2 18.1 0.7909 

Age at menarche
a
 14.2 (1.6) 14.0 (1.4) 0.4313 

Menstrual cycle
a
 32.8 (14.7) 30.2 (5.9) 0.2679 

Education
b
    

 Primary school and below 0.0 3.6 0.6919 

 Junior and senior high school 38.2 40.5  

 College, university, and 

postgraduate education 

58.8 52.4  

 Missing 2.9 3.6  

Smoking
b
   0.0039 

No 52.9 79.8  

 Yes 0.0 2.4  

 Missing 47.1 17.9  

Alcohol
b
   0.0216 

 No 20.6 33.5  

 Occasionally 32.4 37.7  

 Often 5.9 9.9  

 Missing 41.2 18.9  

Caffeine
b
   0.0273 

 Non 35.3 59.4  

 Occasionally 32.4 20.3  

 Often 2.9 2.8  

 Missing 29.4 17.5  

LH
a c

 10.25 (4.71) , (n=26) 9.22 (6.05) , (n=40) 0.4653 

FSH
a c

 6.90 (1.85), (n=26) 5.97 (2.03), (n=40) 0.0647 

LH/FSH 1.58 (0.80), (n=26) 1.65 (1.05), (n=40) 0.7842 

Estradiol
d e

 176.95 (132.80, 217.30), 

(n=26) 

127.96 (88.55, 229.49), 

(n=40) 

0.2342 

Progesterone
 d f

 1.80 (1.35, 2.22), (n=24) 1.73 (1.16, 2.17) 

(n=39) 

0.9270 

a [�̅	(��)]. 
b (%). 
c IU/L. 
d [median (IQR)]. 
e pmol/L. 
f ng/mL. 
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Red solid curves: fractional polynomial models without adjusting for covariates. 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and education. 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, and 

estradiol. 

 

Appendix Figure 1 Dot plots and predicted curves based on fractional polynomial 

models fitted for the association between TCS and LH and LH/FSH 
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ABSTRACT 56 

 57 

Objectives: Polycystic ovary syndrome (PCOS) is the most common endocrinopathy 58 

of women at reproductive age. Although the etiology of PCOS remains unclear, 59 

potential effects of environmental endocrine-disrupting compounds (EEDCs) on the 60 

development of PCOS have drawn increasing attention. The aim of the current study 61 

was to examine the association between triclosan (TCS) and PCOS, and explore 62 

possible mechanisms on how TCS may contribute to the development of clinical 63 

manifestations of PCOS. 64 

Design: Cross-sectional study. 65 

Setting: This study was conducted in one tertiary-level hospital located in Zhejiang, 66 

China. 67 

Participants: A total of 674 infertile women at 18-45 years of age were recruited in 68 

2014 – 2015. Participants with (n=84) and without (n=212) PCOS with urinary TCS 69 

concentration available were included in the analyses. 70 

Methods: Urinary TCS concentration was measured using a high performance liquid 71 

chromatography-electrospray ionization tandem mass spectrometry. Logistic 72 

regression model was used to examine the association between TCS and PCOS. 73 

Fractional polynomial regression models were built to fit the potential nonlinear 74 

relationship between TCS concentrations and LH and LH/FSH. 75 

Results: The PCOS group had significantly higher level of TCS concentration than the 76 

non-PCOS group [geometric mean of TCS (µg/g creatinine): 1.49 vs. 1.06, p=0.0407]. 77 
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Compared to the lowest tertile, the highest tertile of TCS concentration was associated 78 

with an increased odds of PCOS [OR=2.12, 95% confidence interval (CI): 1.12, 3.99]. 79 

After adjusting for potential confounders, the significant association remained 80 

(OR=1.99, 95%CI: 1.05, 3.79). Positive relationships were found between TCS levels 81 

and LH and LH/FSH ratio in non-PCOS participants. 82 

Conclusions: TCS exposure at a relatively low level is associated with PCOS in 83 

Chinese women. Further epidemiologic studies are needed to confirm our finding, 84 

which may have important public health implications. 85 

 86 

 87 

Strengths and limitations of this study 88 

� The flexibility of the fractional polynomial model in fitting nonlinear 89 

relationships between TCS concentrations and LH and LH/FSH in non-PCOS 90 

participants at relatively low levels of TCS exposure is a strength of this study. 91 

� TCS level measured at a single point after the onset of PCOS may not represent 92 

continuous levels of exposure before onset of diseases in the current study. 93 

� The inclusion of infertility women with genital tract inflammation in the control 94 

group may have drawn the estimates towards the null. 95 

96 
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Environmental Exposure to Triclosan and Polycystic Ovary Syndrome: a 97 

cross-sectional study in China 98 

 99 

INTRODUCTION 100 

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy of women at 101 

reproductive age, which encompasses a broad range of signs including 102 

hyperandrogenism, polycystic ovaries, oligo- or anovulation, insulin resistance, and 103 

elevated luteinizing hormone (LH) level.
1
 The latter was observed in about 60% of 104 

women with PCOS,
1 2

 whereas the elevated LH/follicle stimulate hormone (FSH) 105 

ratio could be found in 95% of PCOS cases.
3
 Although the etiology of the syndrome 106 

remained unclear, potential effects of environmental endocrine-disrupting compounds 107 

(EEDCs) on the development of PCOS have drawn increasing attention.
4 5

 For 108 

example, animal studies have demonstrated that bisphenol A (BPA), a widely 109 

recognized EEDC, is involved in the pathogenesis of PCOS.
4
 BPA has also been 110 

found to be associated with reduced female fertility
6
 and reduced anogenital distance 111 

in male infants.
7
 112 

Triclosan (TCS) is a chlorinated aromatic compound that has a similar chemical 113 

structure to BPA. It is widely used in personal care as well as household products such 114 

as perfumed soaps, shampoo, toothpaste, and liquid disinfectants.
8
 
9 10

 Widespread 115 

exposures to TCS have been observed in many countries.
11-14

 Public concerns over the 116 

ubiquitous exposure to TCS and other EEDCs have increased.
12-15

 Evidence from 117 

animal and in vitro studies suggested a variety of hormonal activities of TCS, 118 
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including estrogenic, androgenic and anti-androgenic activities, and disturbance of 119 

thyroid hormone activities,
16-19

 all of which are related to PCOS-like syndrome. But 120 

human studies are few. 121 

Based on the structure-activity relationship, we hypothesize that like BPA, TCS 122 

may mimic, alter, or attenuate estradiol and other natural hormone functions.
16

 We 123 

speculate that effects of TCS exposure on reproductive hormones may result in PCOS 124 

symptoms such as hyperandrogenism, anovulation and elevated LH. For example, 125 

inverse associations were found between TCS exposure and pubic hair development 126 

in girls,
14

 anogenital distance at 3 months of age in boys
12

 and head circumference at 127 

birth.
11

 Although results from human studies were often inconsistent, the available 128 

evidence suggests that TCS exposure may affect the hypothalamic-pituitary-gonadal 129 

axis and lead to changes in production and action of reproductive hormones. Thus, we 130 

speculated that TCS exposure may contribute to the pathogenesis of PCOS. The aim 131 

of the current study is to examine the association between TCS and PCOS, and 132 

explore possible mechanisms on how TCS may contribute to the development of 133 

clinical manifestation of PCOS. 134 

 135 

METHODS 136 

Study sample. 137 

All infertile women at 18-45 years of age who came to the Women’s Hospital, 138 

Zhejiang University School of Medicine for infertility were potentially eligible for the 139 

current study. From March 2014 to August 2015, a total of 705 infertile women were 140 
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recruited. Infertility cases due to genital tract malformation with or without surgery 141 

(N=31) were excluded from this study. Infertility due to PCOS was treated as the case 142 

of interest while male infertility (women presenting for artificial insemination with 143 

donor’s semen (AID) or intra-cytoplasmic sperm injection (ICSI) or genital tract 144 

infection, tubal obstruction or adhesion but with a normal sex hormone profile were 145 

taken as the control group. PCOS was diagnosed according to the revised 2003 146 

Rotterdam criteria. 147 

A total of 118 PCOS cases and 556 non-PCOS infertile women were selected. We 148 

limited the analyses to 84 PCOS cases and 212 controls who had urinary TCS 149 

measured. Among the 212 controls, 74 were due to male infertility for AID or ICSI 150 

and 138 diagnosed of infertility due to genital tract infection, tubal obstruction or 151 

adhesion but with a normal sex hormone profile (Figure 1). All participants provided a 152 

written informed consent and the study protocol was approved by the Ethics 153 

Committees of the Women’s Hospital, Zhejiang University School of Medicine and 154 

Xinhua Hospital, Shanghai Jiao Tong University School of Medicine. 155 

An in-person interview was administered by a trained research assistant to collect 156 

information on women’s demographic, environmental exposure and behavioral 157 

characteristics. Clinical information (e.g., reproductive history and baseline 158 

reproductive hormones levels) was abstracted from the medical record. Blood and 159 

urine samples were also collected on the same day as the questionnaire was 160 

administered. 161 

 162 
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Urine specimen collection and TCS measurements. 163 

About 100 ml urine samples were collected in sterile polypropylene cups at the visit. 164 

Samples were aliquoted to polypropylene storage tubes (15 ml, 430791 CentriStar, 165 

Coring, CA, USA) and stored at -20ºC prior to TCS analysis. Urinary TCS 166 

concentration was measured using high performance liquid 167 

chromatography-electrospray ionization tandem mass spectrometry (HPLC-MS/MS) 168 

(Agilent 1290-64090, Agilent Technologies, Little Falls, DE, USA). The limit of 169 

detection (LOD) was 0.1ng/mL. TCS concentrations were corrected for urine dilution 170 

by creatinine. Creatinine concentration was measured using enzymatic method on 171 

automatic chemical analyzer (7100 Automatic Analyzer, Hitachi, Tokyo, Japan). More 172 

details on urinary TCS analytical methods were provided elsewhere.
20

 We substituted 173 

(LOD)/2	for the results below LOD. 174 

 175 

Outcomes. 176 

PCOS cases were diagnosed based on the revised 2003 Rotterdam criteria, in which a 177 

woman meets at least two out of three criteria: oligo- or anovulation; clinical and/or 178 

biochemical signs of hyperandrogenism; polycystic ovaries and exclusion of other 179 

etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing’s 180 

syndrome)]
1
. Levels of estradiol, progesterone, LH, and FSH were measured in serum 181 

collected on the second or third day of the menstrual cycle, using an automated 182 

electrochemiluminescence immunoassay. 183 

 184 
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Data analysis. 185 

Normally distributed variables were presented as means and standard deviance (SD). 186 

The two-tailed unpaired t test was used to evaluate the difference between PCOS and 187 

non-PCOS group. Variables with skewed distribution were described as median and 188 

inter-quartile range (IQR). Wilcoxon two-sample test was used to assess the 189 

difference in variables with a skewed distribution between two groups. We conducted 190 

a categorical logistic regression analysis for the association between TCS and PCOS. 191 

Potential covariates included age, education, smoking, alcohol intake, caffeine 192 

consumption, body mass index (BMI) and et al.
12 15

 We conducted a multiple 193 

imputation (five imputations) using the Markov chain Monte Carlo (MCMC) method 194 

for the missing values of smoking, alcohol and caffeine consumption.
21 22

 Then we 195 

explored the relationship of PCOS with smoking, drinking and caffeine consumption 196 

in crude and adjusted models. None of these variables was significantly associated 197 

with the outcome (P<0.05) using either imputed or the original database. Therefore 198 

they were not retained in the final models. Finally, age, education, and BMI were 199 

entered into the multivariable models. 200 

To explore the potential nonlinear association of TCS exposure with PCOS, 201 

fractional polynomial regression models were used to fit the relationship between 202 

urinary TCS levels and LH, FSH, LH/FSH ratio, estradiol, and progesterone. As an 203 

extension of polynomial regression models, the power terms of TCS concentration are 204 

chosen from a predefined set of values (-2, -1, -0.5, 0, 0.5, 1, 2, 3). Since the first or 205 

second-degree of fractional polynomials can provide adequate flexibility, we chose 206 

Page 10 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019707 on 17 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

11 

 

the best model from first or second-degree of fractional polynomials without 207 

consideration a higher degree model. The best fit model is defined as the one that 208 

maximizes the likelihood (minimizes the deviance).
23 24

 The alternative models and 209 

deviances for the relationships between TCS and LH, LH/FSH and estradiol were 210 

shown in Appendix Tables 1-2. Deviance residuals plotted against urinary TCS 211 

concentrations showed no non-random trends or patterns for the selected models. 212 

The analyses of associations between TCS and reproductive hormones levels 213 

were restricted to non-PCOS participants to avoid potential interferences of PCOS. 214 

The hormone levels were log-transformed wherever appropriate. Serum level of 215 

estradiol was log10-transformed because of its skewed distribution. We first fitted 216 

crude fractional polynomial regression models and then explored adjusted models. All 217 

covariates retained in the aforementioned logistic regression models were retained in 218 

this analysis. We further adjusted estradiol to evaluate the independent effects of TCS 219 

on the development of symptoms of PCOS by controlling feedback regulations of 220 

estradiol on LH and FSH. All analyses were carried out using the Statistical Analysis 221 

Package (SAS) version 9.2 (SAS Institute Inc., Cary, NC, USA). 222 

 223 

RESULTS 224 

We first compared women who had TCS measurements and were included in the final 225 

analyses with those who did not have TCS measurements.  There were no significant 226 

differences in demographic characteristics or reproductive hormones levels between 227 

these two groups except for education level. But subjects without TCS measurements 228 
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had more missing values of tobacco, alcohol, and caffeine consumption. After the 229 

multiple imputations for missing values, only alcohol consumption was significantly 230 

different between women who had and did not have TCS measurements in the control 231 

group (Appendix Tables 3-4). A total of 84 infertile women with PCOS and 212 232 

women without PCOS were retained in the analyses. The mean age of participants 233 

was 31.7 (SD 4.1). Women in the PCOS group were younger and had higher 234 

education levels than those of the non-PCOS group (Table 1). There were no 235 

significant differences between the two groups in tobacco, alcohol, and caffeine 236 

consumption. 18% and 16% of the women were overweight or obese in these two 237 

groups, respectively. Age at menarche and menstrual cycle length were similar 238 

(p=0.0874 and 0.6138, respectively, Table 1). 239 

 240 

Table 1 Basic characteristics of women with and without PCOS 241 

 PCOS (n=84) Non-PCOS 

(n=212) 

p 

Age [mean (SD), year] 30.4 (3.6) 32.2 (4.2) 0.0012 

BMI [(mean (SD), kg/m
2
] 21.9 (3.2) 22.0 (3.6) 0.8067 

Overweight (%) 18.1 16.3 0.7091 

Age at menarche [mean (SD), year] 14.0 (1.4) 14.3 (1.8) 0.0874 

Menstrual cycle [mean (SD), day] 30.2 (5.9) 29.8 (5.1) 0.6183 

Education
 
(%)    

 Primary school and below 3.6 7.6 <0.0001 

 Junior and senior high school 40.5 63.7  

 College, university, and 

postgraduate  

52.4 24.1  

 Missing 3.6 4.7  

Smoking (%)
a
   0.7856 

No 97.4 97.9  

 Yes 2.6 2.1  

Alcohol (%)
a
   0.6203 

 No 40.3 43.0  

 Occasionally 44.1 45.7   
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 Often 15.6 11.3  

Caffeine (%)
a
   0.5120 

 Non 65.6 72.2  

 Occasionally 30.5 24.6  

 Often 3.9 3.2  

a The multiple imputation (five imputations) was conducted for the missing values of smoking (23.2%), alcohol 242 

(17.9%), and caffeine (15.2%). The average distribution of the variables based on the five imputed database was 243 

calculated. 244 

 245 

Urinary TCS concentration was above the LOD in 90.5% (76/84) and 83.7% (185/221) 246 

of PCOS cases and controls, respectively. The PCOS group had significantly higher 247 

TCS concentrations (with or without correction for creatinine) than the control group 248 

(Table 2). Serum LH level was higher in the cases than the controls, but the difference 249 

was not statistically significant. The LH/FSH ratio was elevated significantly in the 250 

PCOS group as compared with the non-PCOS group. Decreased estradiol 251 

concentration was observed in the PCOS group. There is no significantly difference in 252 

serum FSH or progesterone between the two groups (Table 2). 253 

 254 

Table 2 Distribution of TCS, LH, FSH, estradiol, and progesterone in women 255 

with and without PCOS 256 

 PCOS (n=84) Non-PCOS (n=212) p 

TCS [median (IQR), ng/mL] 0.45 (0.25, 1.54) 0.37 (0.14, 0.98) 0.0249 

TCS_Crea [median (IQR), µg/g creatinine] 1.49 (0.68, 3.80) 1.06 (0.52, 3.02) 0.0407 

LH [��	����,	IU/L] 9.22 (6.05) , (n=40) 7.81 (7.04), (n=125) 0.2552 

FSH [��	����,	IU/L] 5.97 (2.03) , (n=40) 6.57 (1.87), (n=124) 0.0865 

LH/FSH [��	����] 1.65 (1.05) , (n=40) 1.22 (0.85) , (n=124) 0.0094 

Estradiol [median (IQR), pmol/L] 

 

127.96 (88.55, 229.49), 

(n=40) 

182.90 (116.90, 

311.28), (n=125) 

0.0164 

Progesterone [median (IQR), ng/mL] 1.73 (1.16, 2.17) 

(n=39) 

1.85 (1.26, 2.49), 

(n=122) 

0.2625 

a TCS_Cre: creatinine-corrected TCS concentration. 257 
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 258 

The creatinine-corrected TCS levels were divided into three tertiles. We fitted a 259 

logistic regression model for the relationship between creatinine-corrected TCS levels 260 

and the probability of PCOS. Higher TCS level was associated with an increased odds 261 

of PCOS (P for trend=0.0204). The significantly increased odds ratio of PCOS was 262 

showed in the highest tertile when compared with the lowest tertile [OR=2.12 (95%CI: 263 

1.12, 3.99)]. After adjusting for covariates, the significant association 264 

remained(OR=1.99,95%CI: 1.05, 3.79) (Table 3). 265 

 266 

Table 3 The association between TCS exposure and PCOS 267 

TCS n Crude odds ratio （95% CI）a Adjusted odds ratio （95% CI）b 

<0.68 101 reference reference 

0.68-2.21 97 1.55 (0.81, 2.96) 1.47 (0.76, 2.84) 

>=2.21 98 2.12 (1.12, 3.99) 1.99 (1.05, 3.79) 

a p-trend crude=0.0204. 268 

b Adjusted for age, education , and BMI; p-trend adjusted=0.0351. 269 

 270 

To explore the association between TCS exposure and the developments of 271 

PCOS-associated symptoms we limited the further analyses to non-PCOS participants. 272 

We fitted fractional polynomial regression models to explore the possible nonlinear 273 

associations between creatinine-corrected TCS and LH, FSH, LH/FSH, estradiol, and 274 

progesterone. Non-linear association was found between urinary levels of TCS and 275 

LH in both crude and adjusted models (Appendix Table 5). Even after adjusting for 276 

estradiol, trends of the curves were essentially unchanged, but the confidence interval 277 

narrowed significantly (Figure 2). The fitted curves showed that LH increased 278 

gradually with elevated TCS when TCS level was below 1 to 2ng/g. But LH level 279 
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plateaued when TCS concentration increased further. The predicted values and 95% 280 

CI of LH and LH/FSH based on the selected models were presented in Appendix 281 

Table 6. 282 

Non-linear associations were also found between TCS and LH/FSH ratio 283 

(Appendix Tables 5-6). As depicted in Figure 2, LH/FSH ratio increased slightly with 284 

the elevated levels of TCS. The crude and adjusted models (with and without 285 

adjusting for estradiol) also generated similar results (red, blue, and black curves, 286 

Appendix Figure 1). 287 

 288 

DISCUSSION 289 

Our study showed that infertile women with PCOS had a significantly higher TCS 290 

level than infertile women without PCOS. Nonlinear relationships were found 291 

between TCS concentrations and LH and LH/FSH ratio in women without PCOS. 292 

These findings suggested that TCS may be associated with the developments of 293 

PCOS. 294 

The urinary TCS level in our study population [1.49 (IQR: 0.68, 3.80) and 1.06 295 

(IQR: 0.52, 3.02) µg/g in the PCOS and non-PCOS group, respectively]was 296 

somewhat lower than that reported in Danish women (geometric mean of 297 

TCS=1.01ng/mL),
12

 and much lower than that in girls in the United States (geometric 298 

mean of TCS=12.4 µg/g creatinine) based on the data from the Centers for Disease 299 

Control and Prevention’s National Health and Nutrition Examination Survey 300 

(NHANES).
13

 But it was compatible with serum concentrations of TCS at 0.549 and 301 
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0.649 ng/mL in pregnant women with normal and abnormal fetuses reported in a 302 

previous study in Beijing, China.
11

 In a another study in China (1997-2000), the 303 

creatinine-corrected TCS level (median TCS concentration was under the LOD 304 

2.3µg/L)
3
 was also much lower than that in the United States and Europe. Human 305 

TCS exposure mostly came from common personal care and household products such 306 

as perfume soap, shampoo, toothpaste, and liquid detergent. TCS is also widely added 307 

to personal care and household products as an antibacterial and antifungal agent in 308 

China, but the personal care products may not be used as frequently as that in the 309 

United States and Europe. For example, deodorant is composed of a high 310 

concentration of TCS. Women in China rarely use deodorant. This may not be the 311 

case in some western countries. Although it would be difficult to compare the contact 312 

frequency with personal care and household products across studies without 313 

standardized questionnaire, we may speculate that different TCS exposure levels may 314 

be due to different consumer behavior. We found a positive association between 315 

urinary TCS and the contact frequency with perfume soap/shampoo and liquid 316 

detergent (data no shown). The difference in TCS levels across studies may reflect 317 

differences in consumer behavior of personal care and household products among 318 

countries and regions. 319 

A variety of reproductive hormone-like actions exerted by TCS have been 320 

reported in vitro and animal experiments, including estrogenic, androgenic, and 321 

anti-androgenic effects.
12 17 18 25 

Although different mechanisms as well as high 322 

tissue/organ specificity that TCS has may impact dose-dependent responses,
26

 ample 323 
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evidence indicated that TCS may have a wide range of actions through its effects on 324 

hypothalamic-pituitary-gonadal axis (HPGA).
12

 In contrast to the reduced LH and 325 

FSH concentrations found to be associated with an increased TCS levels in an animal 326 

experiment in which rats were treated with TCS at a high-dose (20 mg/kg bw/day for 327 

a period of 60 days by intubation),
 27

 the positive association between TCS and LH 328 

concentration and LH/FSH ratio found in a low-dose exposed population like ours 329 

was compatible to the findings in other previous studies.
16 28

 Different species, doses, 330 

duration, timing, and route of exposure may lead to diverse modes of actions for TCS 331 

in vitro, in animal, and epidemiologic studies. 332 

Elevated LH concentrations and LH/FSH ratio were common clinical 333 

manifestation of PCOS patients.
1-3 29

 The positive association between TCS and LH 334 

and LH/FSH ratio in non-PCOS group suggested that TCS may contribute to the 335 

pathogenesis of PCOS. TCS at high- and low- dose may have different reproductive 336 

hormone-like actions. Even though humans are exposed to TCS at much lower level 337 

than that of the animal models, TCS still shows endocrine disrupting effects. 338 

Strength and Limitations 339 

To our knowledge, this is the first study that provides evidence that TCS may play a 340 

role in the development of PCOS in human. However, several limitations are worth 341 

mentioning. First, the present study was a cross-sectional investigation. TCS levels 342 

were measured at a single point after the onset of PCOS. The concentration may not 343 

represent continuous levels of exposure before the onset of the disease. Ideally, we 344 

should measure urinary TCS several times in a prospective cohort study. However, a 345 
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person’s lifestyle usually does not change dramatically over time; exposure to 346 

environmental TCS is likely to be more or less stable. Thus, the spot urinary TCS 347 

would reflect a general exposure level of individual.
30

 Second, the comparison group 348 

in this study consisted of infertility women due to genital tract inflammation and male 349 

infertility. TCS may be associated with both endocrine function and inflammation 350 

reaction.
16 31

 The inclusion of infertility women with genital tract inflammation may 351 

have drawn the estimates towards the null. But in a sensitivity analysis, we found no 352 

significant association of TCS with genital inflammation. Neither did we find 353 

remarkable changes in the relationships between TCS and estradiol, LH and FSH after 354 

adjusting for inflammation (data no shown). Third, effects of EEDCs are rarely 355 

uniform across the entire dose-response range.
26

 The whole range of TCS exposure in 356 

the current study was at relatively low levels. We cannot extrapolate reproductive 357 

effects of TCS beyond the available range in the current study. Thus, our findings of 358 

the positive nonlinear association between TCS and symptoms of PCOS (elevated LH 359 

and LH/FSH ratio) may not be generalized to a population of higher exposure. Fourth, 360 

although all subjects were given a full work-up for the diagnosis of PCOS, the 361 

misclassification of PCOS and non-PCOS may exist. Since this misclassification was 362 

not associated with TCS exposure level, the bias was likely to have drawn the results 363 

towards the null. Fifth, the study subjects are volunteers from the infertility clinic. It 364 

may not totally represent all the infertile patients. However, it is unlikely that the 365 

self-selection bias was based on the level of TCS exposure. This limitation, therefore, 366 

may reduce the generalizability of the results to other population but not necessarily 367 
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the internal validity of the findings. Finally, although unique, the sample size of the 368 

current study is still small. Larger studies are needed to confirm or refute our finding. 369 

 370 

CONCLUSIONS 371 

TCS exposure was significantly associated with PCOS in a Chinese population. LH 372 

and LH/FSH ratio increased nonlinearly with elevated TCS concentration at a 373 

relatively low level in women with a normal reproductive endocrine function. Further 374 

epidemiologic studies are needed to address this important, modifiable issue that may 375 

have important public health implications. 376 
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 480 

FIGURE LEGENDS 481 

Figure 1 Study subjects flow chart 482 

Figure 2 Dot plots and predicted curves based on fractional polynomial models fit for 483 

the association between TCS and LH and LH/FSH 484 

Grey curves: predicted curve (solid curve) and 95% confidence interval (CI) (dashed curves) fit to 485 

fractional polynomial models adjusting for age, education, and BMI. 486 

Black curves: predicted curve (solid curve) and 95% CI (dashed curves) fit to fractional 487 

polynomial models adjusting for age, education, BMI, and estradiol. 488 

 489 

 490 

SUPPLEMENTARY FILE 491 

Appendix Table 1 Fractional polynomial models and deviances for the association 492 

between TCS and LH 493 

Appendix Table 2 Fractional polynomial models and deviances for the association 494 

between TCS and LH/FSH 495 

Appendix Table 3 Basic characteristics in non-PCOS women with and without urinary 496 

TCS measurements 497 

Page 22 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019707 on 17 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

23 

 

Appendix Table 4 Basic characteristics in PCOS women with and without urinary 498 

TCS measurements 499 

 500 

Appendix Figure 1 Dot plots and predicted curves based on fractional polynomial 501 

models fitted for the association between TCS and LH and LH/FSH ratio 502 

Red solid curves: fractional polynomial models without adjusting for covariates. 503 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and education. 504 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, and estradiol. 505 
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Appendix 
Appendix Table 1 Fractional polynomial models and deviances for the association between TCS and 

LH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  848.5   840.8   803.5  
-1  841.5   833.9   797.0  

-0·5  836.9   829.6   793.2  
0  835.2   828.1   792.6  
0.5  834.6   827.5   793.1  
1  840.1   832.8   798.4  
2  850.6   843.0   807.2  
3  859.9   852.2   814.9  
Second degree       
p q       
-2 -2  853.1  845.5  808.8 
-2 -1  846.6   839.2   802.7  
-2 -0·5  843.1   835.8   799.6  
-2 0  842.5   835.4   799.9  
-2 0·5  842.5   835.3   801.0  
-2 1  848.0   840.6   806.4  
-2 2  858.4   850.8   815.2  
-2 3  867.7   860.0   822.9  
-1 -1  839.8   832.5   796.0  
-1 -0·5  834.3   827.2   790.7  
-1 0  835.3   828.2   792.7  
-1 0·5  836.0   828.8   794.5  
-1 1  841.4   834.0   800.0  
-1 2  851.7   844.1   808.7  
-1 3  860.8   853.2   816.3  

-0·5 -0·5  832.1   825.0   788.8  

-0·5 0  831.3   824.2   789.0  

-0·5 0·5  832.8   825.6   791.4  

-0·5 1  838.0   830.7   796.5  

-0·5 2  847.7   840.3   804.8  

-0·5 3  856.5   849.1   812.1  
0 0  835.5   828.4   793.7  
0 0·5  832.8   825.6   791.0  
0 1  837.9   830.7   795.5  
0 2  846.4   839.3   802.5  
0 3  854.5   847.4   809.4  

0·5 0·5  833.7   826.6   791.0  

0·5 1  835.3   828.2   791.5  

0·5 2  843.5   836.6   798.3  
0·5 3  851.7   844.8   806.0  
1 1  839.2   832.2   794.2  
1 2  845.6   838.7   800.1  
1 3  854.9   847.9   809.5  
2 2  853.8   846.7   808.6  
2 3  862.3   855.1   817.0  
3 3  870.9   863.6   825.5  
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a
 Value of -2 Log L corresponding to the best-fit model is underlined. 

b
 Adjusted for age, BMI, and education. 

c 
Adjusted for same variables as in + plus estradiol. 
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Appendix Table 2 Fractional polynomial models and deviances for the association between TCS and 

LH/FSH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  326.7   341.4   289.7  
-1  320.2   334.9   283.6  

-0·5  315.5   330.2   280.1  
0  310.8   325.3   276.3  
0.5  306.7   321.0   274.0  
1  311.7   325.9   280.3  
2  323.8   338.0   292.1  
3  334.8   349.1   301.7  
Second degree       
p q       

-2 -2  336.0  350.6  299.3 

-2 -1  329.5   344.2   293.7  
-2 -0·5  325.1   339.7   289.4  
-2 0  321.5   335.8   286.2  
-2 0·5  318.4   332.7   285.3  
-2 1  323.6   337.9   292.1  
-2 2  335.8   350.0   304.0  
-2 3  346.9   361.1   313.7  
-1 -1  322.0   336.6   285.5  
-1 -0·5  314.8   329.2   277.6  
-1 0  312.7   327.0   276.3  
-1 0·5  311.4   325.7   278.1  
-1 1  317.2   331.4   285.6  
-1 2  329.5   343.6   297.9  
-1 3  340.5   354.7   307.5  

-0·5 -0·5  310.5   324.8   272.8  

-0·5 0  307.3   321.6   271.5  

-0·5 0·5  308.3   322.5   275.6  

-0·5 1  314.3   328.5   283.2  

-0·5 2  326.1   340.3   294.9  

-0·5 3  336.6   350.9   304.2  
0 0  310.9   325.2   277.2  
0 0·5  308.7   323.0   276.7  
0 1  314.7   328.9   283.0  
0 2  324.8   339.1   292.1  
0 3  334.0   348.4   300.0  

0·5 0·5  310.2   324.5   277.7  

0·5 1  312.3   326.6   278.6  

0·5 2  321.2   335.6   285.6  
0·5 3  329.6   344.0   293.4  
1 1  316.2   330.7   280.8  
1 2  322.9   337.5   286.5  
1 3  332.2   346.8   296.1  
2 2  331.3   345.8   295.5  
2 3  340.0   354.5   304.4  
3 3  349.0   363.5   313.5  
a
 Value of -2 Log L corresponding to the best-fit model is underlined. 

b 
Adjusted for age, BMI, and education. 
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c 
Adjusted for same variables as in b plus estradiol.  

Page 29 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019707 on 17 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

5 
 

Appendix Table 3 Basic characteristics in non-PCOS women with and without urinary TCS 

concentration measurements 

 Without TCS 

measurements (n=344) 

With TCS 

measurements (n=212) 

p 

Age [mean (SD), year] 31.8 (7.4) 32.2 (4.2) 0.4971 

BMI [(mean (SD), kg/m
2
] 21.8 (3.9) 22.0 (3.6) 0.1155 

Overweight (%) 14.3 16.3 0.4369 

Age at menarche [mean (SD), 

year] 

14.3 (1.4) 14.3 (1.8) 0.8048 

Menstrual cycle [mean (SD), 

day] 

29.3 (3.8) 29.8 (5.1) 0.2285 

Education
 
(%)   0.0292 

 Primary school and below 4.1 7.6  

 Junior and senior high school 56.0 63.7  

 College, university, and 

postgraduate education 

34.4 24.1  

 Missing 5.5 4.7  

Smoking(%)
a
   0.9022 

No 98.4 97.9  

 Yes 1.6 2.1  

Alcohol (%)
a
   0.0003 

 No 54.0 43.0  

 Occasionally 42.3 45.7  

 Often 3.7 11.3  

Caffeine (%)
a
   0.0713 

 Non 62.8 72.2  

 Occasionally 33.4 24.6  

 Often 3.8 3.2  

LH [�̅� (𝑠𝑑), IU/L] 9.53 (9.87), (n=267) 7.81 (7.04), (n=125) 0.0807 

FSH [�̅� (𝑠𝑑), IU/L] 7.07 (3.27), (n=268) 6.57 (1.87), (n=124) 0.1099 

LH/FSH [�̅� (𝑠𝑑)] 1.35 (0.98), (n=267) 1.22 (0.85) , (n=124) 0.7842 

Estradiol [median (IQR), pmol/L] 195.00 (113.00, 345.20), 

(n=266) 

182.90 (116.90, 311.28), 

(n=125) 

0.6488 

Progesterone [median (IQR), ng/mL] 1.63 (1.16, 2.34), (n=258) 1.85 (1.26, 2.49),  (n=122) 0.1337 

a The multiple imputation (five imputations) was conducted for the missing values of smoking (44.8%), alcohol 

(41.2%), and caffeine (38.5%). The average distribution of the variables based on the five imputed database was 

calculated. 
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Appendix Table 4 Basic characteristics in PCOS women with and without urinary TCS concentration 

measurements 

 Without TCS 

measurements (n=34) 

With TCS measurements 

(n=84) 

p 

Age [mean (SD), year] 30.4 (3.4) 30.4 (3.6) 0.8998 

BMI [(mean (SD), kg/m
2
] 22.2 (3.8) 21.9 (3.2) 0.6845 

Overweight (%) 21.2 18.1 0.7909 

Age at menarche [mean (SD), 

year] 

14.2 (1.6) 14.0 (1.4) 0.4313 

Menstrual cycle [mean (SD), 

day] 

32.8 (14.7) 30.2 (5.9) 0.2679 

Education
 
(%)    

 Primary school and below 0.0 3.6 0.6919 

 Junior and senior high school 38.2 40.5  

 College, university, and 

postgraduate education 

58.8 52.4  

 Missing 2.9 3.6  

Smoking (%)
a
   0.3642 

No 100.0 97.5  

 Yes 0.0 2.5  

Alcohol (%)
a
   0.3124 

 No 37.7 39.8  

 Occasionally 54.6 44.8  

 Often 7.7 15.4  

Caffeine (%)
a
   0.1995 

 Non 49.2 64.8  

 Occasionally 46.9 30.1  

 Often 3.9 5.1  

LH [�̅� (𝑠𝑑), IU/L] 10.25 (4.71) , (n=26) 9.22 (6.05) , (n=40) 0.4653 

FSH [�̅� (𝑠𝑑), IU/L] 6.90 (1.85), (n=26) 5.97 (2.03), (n=40) 0.0647 

LH/FSH [�̅� (𝑠𝑑)] 1.58 (0.80), (n=26) 1.65 (1.05), (n=40) 0.7842 

Estradiol [median (IQR), pmol/L] 176.95 (132.80, 217.30), 

(n=26) 

127.96 (88.55, 229.49), 

(n=40) 

0.2342 

Progesterone
 

 [median (IQR), 

ng/mL] 

1.80 (1.35, 2.22), (n=24) 1.73 (1.16, 2.17) 

(n=39) 

0.9270 

a The multiple imputation (five imputations) was conducted for the missing values of smoking (26.3%), alcohol 

(22.9%), and caffeine (15.3%). The average distribution of the variables based on the five imputed database was 

calculated. 
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Appendix Table 5 Association between TCS and LH and LH/FSH in women without 

PCOS based on fractional polynomial regression models 
Response 

variable 

Crude model (n=125)  Adjusted model
b
 (n=122)  Adjusted model

c 
(n=121) 

Transfor

mation of 

TCS 

β (SE)
a
 P Transformat

ion of TCS 

β (SE)
a
 P Transform

ation of 

TCS 

β (SE)
a
 P 

LH TCS
-0.5

 1.70 

(1.66) 

0.3073 TCS
-0.5

 1.74 

(1.72) 

0.3125 TCS
-0.5

 -4.73 

(2.36) 

0.0467 

 ln (TCS) 1.79 

(0.89) 

0.0464 ln (TCS) 1.79 

(0.92) 

0.0538 TCS
-0.5

* ln 

(TCS) 

-1.36 

(0.76) 

0.0774 

LH/FSH TCS
0.5

 0.18 
(0.05) 

0.0005 TCS
0.5

 0.18 
(0.05) 

0.0004 TCS
-0.5

 0.42 
(0.16) 

0.0103 

       ln (TCS) 0.30 

(0.09) 

0.0007 

a 
β (SE): regression coefficient (standard error), obtained through selected fractional polynomial regression models. 

b
 Adjusted for age, education, and BMI. 

c 
Adjusted for same variables as in b plus estradiol. 

 

 

Appendix Table 6 Predicted LH and LH/FSH abased on fractional polynomial 

regression models fitted to the relationship between TCS and LH and LH/FSH a 
TCS 

(μg/g) 

LH (IU/L, 95% CI)  LH/FSH (95% CI) 

Crude model Adjusted model
b
 Adjusted model

c
 Crude model Adjusted model

b
 Adjusted model

c
 

1.00  7.18（-6.59, 20.94) 7.16（-6.90，21.23） 7.49(-5.13,20.10) 1.13（-0.49，2.75） 1.10（-0.52，2.73） 1.08(-0.24,2.40) 

2.00  7.92（-5.84, 21.68) 7.89（-6.17，21.95） 8.21(-4.41,20.82) 1.20（-0.42，2.82） 1.18（-0.45，2.8） 1.17(-0.15,2.48) 

3.00  8.42（-5.35, 22.19) 8.39（-5.68，22.46） 8.63(-4.00,21.25) 1.26（-0.36，2.87） 1.24（-0.39，2.86） 1.23(-0.08,2.55) 

4.00  8.81（-4.97, 22.59) 8.77（-5.31，22.84） 8.91(-3.73,21.56) 1.30（-0.32，2.92） 1.28（-0.34，2.91） 1.29(-0.03,2.61) 

5.00  9.12（-4.67, 22.91) 9.07（-5.01，23.16） 9.13(-3.54,21.79) 1.34（-0.28，2.97） 1.33（-0.30，2.95） 1.33(0.01,2.66) 

6.00  9.38（-4.43, 23.18) 9.33（-4.77，23.44） 9.29(-3.38,21.97) 1.38（-0.24，3.00） 1.37（-0.26，2.99） 1.37(0.05,2.70) 

7.00  9.60（-4.22, 23.42) 9.56（-4.56，23.67） 9.43(-3.26,22.12) 1.42（-0.21，3.04） 1.40（-0.23，3.03） 1.41(0.08,2.73) 

8.00  9.80（-4.03, 23.63) 9.75（-4.38，23.88） 9.55(-3.15,22.25) 1.45（-0.18，3.07） 1.44（-0.19，3.06） 1.44(0.11,2.76) 

9.00  9.98（-3.87, 23.82) 9.93（-4.22，24.07） 9.65(-3.07,22.36) 1.48（-0.15，3.11） 1.47（-0.16，3.1） 1.46(0.14,2.79) 

10.00  10.14（-3.73, 24.00) 10.09 （ -4.08 ，

24.25） 

9.73(-2.99,22.46)  1.51（-0.12，3.14） 1.50（-0.14，3.13） 1.49(0.16,2.82) 

a 
Selected fractional polynomial regression models.in Appendix Table 5 

b
 Adjusted for age, education, and BMI. 

c 
Adjusted for same variables as in b plus estradiol. 
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Red solid curves: fractional polynomial models without adjusting for covariates. 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and education. 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, and 

estradiol. 

 

Appendix Figure 1 Dot plots and predicted curves based on fractional polynomial 

models fitted for the association between TCS and LH and LH/FSH 
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ABSTRACT 56 

 57 

Objectives: Polycystic ovary syndrome (PCOS) is the most common endocrinopathy 58 

of women at reproductive age. Although the etiology of PCOS remains unclear, 59 

potential effects of environmental endocrine-disrupting compounds (EEDCs) on the 60 

development of PCOS have drawn increasing attention. The aim of the current study 61 

was to examine the association between triclosan (TCS) and PCOS, and explore 62 

possible mechanisms on how TCS may contribute to the development of clinical 63 

manifestations of PCOS. 64 

Design: Cross-sectional study. 65 

Setting: This study was conducted in one tertiary-level hospital located in Zhejiang, 66 

China. 67 

Participants: A total of 674 infertile women at 18-45 years of age were recruited in 68 

2014 – 2015. Participants with (n=84) and without (n=212) PCOS with urinary TCS 69 

concentration available were included in the analyses. 70 

Methods: Urinary TCS concentration was measured using a high performance liquid 71 

chromatography-electrospray ionization tandem mass spectrometry. Logistic 72 

regression model was used to examine the association between TCS and PCOS. 73 

Fractional polynomial regression models were built to fit the potential nonlinear 74 

relationship between TCS concentrations and LH and LH/FSH. 75 

Results: The PCOS group had significantly higher level of TCS concentration than the 76 

non-PCOS group [the median of TCS (interquartile range), µg/g creatinine: 1.49 (0.68, 77 
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3.80) vs. 1.06 (0.52, 3.02), p=0.0407]. Compared to the lowest tertile, the highest 78 

tertile of TCS concentration was associated with an increased odds of PCOS 79 

[OR=2.12, 95% confidence interval (CI): 1.12, 3.99]. After adjusting for potential 80 

confounders, the significant association remained (OR=1.99, 95%CI: 1.05, 3.79). 81 

Positive relationships were found between TCS levels and LH and LH/FSH ratio in 82 

non-PCOS participants. 83 

Conclusions: TCS exposure at a relatively low level is associated with PCOS in 84 

Chinese women. Further epidemiologic studies are needed to confirm our finding, 85 

which may have important public health implications. 86 

 87 

Strengths and limitations of this study 88 

� The flexibility of the fractional polynomial model in fitting nonlinear 89 

relationships between TCS concentrations and LH and LH/FSH in non-PCOS 90 

participants at relatively low levels of TCS exposure is a strength of this study. 91 

� TCS level measured at a single point after the onset of PCOS may not represent 92 

continuous levels of exposure before onset of diseases in the current study. 93 

� The inclusion of infertility women with genital tract inflammation in the control 94 

group may have drawn the estimates towards the null. 95 

� As with all cross-sectional studies, it is uncertain whether TCS exposure preceded 96 

PCOS. Therefore, a causal relationship can not be assured based on the current 97 

study. 98 

� TCS exposure was not measured in a substantial proportion of the original study 99 

population, limiting the generalizability of the results. 100 

Page 5 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019707 on 17 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

6 

 

Environmental Exposure to Triclosan and Polycystic Ovary Syndrome: a 101 

cross-sectional study in China 102 

 103 

INTRODUCTION 104 

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy of women at 105 

reproductive age, which encompasses a broad range of signs including 106 

hyperandrogenism, polycystic ovaries, oligo- or anovulation, insulin resistance, and 107 

elevated luteinizing hormone (LH) level.
1
 The latter was observed in about 60% of 108 

women with PCOS,
1 2

 whereas the elevated LH/follicle stimulate hormone (FSH) 109 

ratio could be found in 95% of PCOS cases.
3
 Although the etiology of the syndrome 110 

remained unclear, potential effects of environmental endocrine-disrupting compounds 111 

(EEDCs) on the development of PCOS have drawn increasing attention.
4 5

 For 112 

example, animal studies have demonstrated that bisphenol A (BPA), a widely 113 

recognized EEDC, is involved in the pathogenesis of PCOS.
4
 BPA has also been 114 

found to be associated with reduced female fertility
6
 and reduced anogenital distance 115 

in male infants.
7
 116 

Triclosan (TCS) is a chlorinated aromatic compound that has a similar chemical 117 

structure to BPA. It is widely used in personal care as well as household products such 118 

as perfumed soaps, shampoo, toothpaste, and liquid disinfectants.
8
 
9 10

 Widespread 119 

exposures to TCS have been observed in many countries.
11-14

 Public concerns over the 120 

ubiquitous exposure to TCS and other EEDCs have increased.
12-15

 Evidence from 121 

animal and in vitro studies suggested a variety of hormonal activities of TCS, 122 

Page 6 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019707 on 17 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

7 

 

including estrogenic, androgenic and anti-androgenic activities, and disturbance of 123 

thyroid hormone activities,
16-19

 all of which are related to PCOS-like syndrome. But 124 

human studies are few. 125 

Based on the structure-activity relationship, we hypothesize that like BPA, TCS 126 

may mimic, alter, or attenuate estradiol and other natural hormone functions.
16

 We 127 

speculate that effects of TCS exposure on reproductive hormones may result in PCOS 128 

symptoms such as hyperandrogenism, anovulation and elevated LH. For example, 129 

inverse associations were found between TCS exposure and pubic hair development 130 

in girls,
14

 anogenital distance at 3 months of age in boys
12

 and head circumference at 131 

birth.
11

 Although results from human studies were often inconsistent, the available 132 

evidence suggests that TCS exposure may affect the hypothalamic-pituitary-gonadal 133 

axis and lead to changes in production and action of reproductive hormones. Thus, we 134 

speculated that TCS exposure may contribute to the pathogenesis of PCOS. The aim 135 

of the current study is to examine the association between TCS and PCOS, and 136 

explore possible mechanisms on how TCS may contribute to the development of 137 

clinical manifestation of PCOS. 138 

 139 

METHODS 140 

Study sample. 141 

All infertile women at 18-45 years of age who came to the Women’s Hospital, 142 

Zhejiang University School of Medicine for infertility were potentially eligible for the 143 

current study. From March 2014 to August 2015, a total of 705 infertile women were 144 
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recruited. Infertility cases due to genital tract malformation with or without surgery 145 

(N=31) were excluded from this study. Infertility due to PCOS was treated as the case 146 

of interest while male infertility (women presenting for artificial insemination with 147 

donor’s semen (AID) or intra-cytoplasmic sperm injection (ICSI) or genital tract 148 

infection, tubal obstruction or adhesion but with a normal sex hormone profile were 149 

taken as the control group. PCOS was diagnosed according to the revised 2003 150 

Rotterdam criteria. 151 

A total of 118 PCOS cases and 556 non-PCOS infertile women were selected. We 152 

limited the analyses to 84 PCOS cases and 212 controls who had urinary TCS 153 

measured. Among the 212 controls, 74 were due to male infertility for AID or ICSI 154 

and 138 diagnosed of infertility due to genital tract infection, tubal obstruction or 155 

adhesion but with a normal sex hormone profile (Figure 1). All participants provided a 156 

written informed consent and the study protocol was approved by the Ethics 157 

Committees of the Women’s Hospital, Zhejiang University School of Medicine and 158 

Xinhua Hospital, Shanghai Jiao Tong University School of Medicine. 159 

An in-person interview was administered by a trained research assistant to collect 160 

information on women’s demographic, environmental exposure and behavioral 161 

characteristics. Clinical information (e.g., reproductive history and baseline 162 

reproductive hormones levels) was abstracted from the medical record. Blood and 163 

urine samples were also collected on the same day as the questionnaire was 164 

administered. 165 

 166 
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Urine specimen collection and TCS measurements. 167 

About 100 ml urine samples were collected in sterile polypropylene cups at the visit. 168 

Samples were aliquoted to polypropylene storage tubes (15 ml, 430791 CentriStar, 169 

Coring, CA, USA) and stored at -20ºC prior to TCS analysis. Urinary TCS 170 

concentration was measured using high performance liquid 171 

chromatography-electrospray ionization tandem mass spectrometry (HPLC-MS/MS) 172 

(Agilent 1290-64090, Agilent Technologies, Little Falls, DE, USA). The limit of 173 

detection (LOD) was 0.1ng/mL. TCS concentrations were corrected for urine dilution 174 

by creatinine. Creatinine concentration was measured using enzymatic method on 175 

automatic chemical analyzer (7100 Automatic Analyzer, Hitachi, Tokyo, Japan). More 176 

details on urinary TCS analytical methods were provided elsewhere.
20

 We substituted 177 

(LOD)/2	for the results below LOD. 178 

 179 

Outcomes. 180 

PCOS cases were diagnosed based on the revised 2003 Rotterdam criteria, in which a 181 

woman meets at least two out of three criteria: oligo- or anovulation; clinical and/or 182 

biochemical signs of hyperandrogenism; polycystic ovaries and exclusion of other 183 

etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing’s 184 

syndrome)]
1
. Levels of estradiol, progesterone, LH, and FSH were measured in serum 185 

collected on the second or third day of the menstrual cycle, using an automated 186 

electrochemiluminescence immunoassay. 187 

 188 
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Data analysis. 189 

Normally distributed variables were presented as means and standard deviance (SD). 190 

The two-tailed unpaired t test was used to evaluate the difference between PCOS and 191 

non-PCOS group. Variables with skewed distribution were described as median and 192 

inter-quartile range (IQR). Wilcoxon two-sample test was used to assess the 193 

difference in variables with a skewed distribution between two groups. TCS was 194 

grouped by tertiles and included as an ordered categorical variable in the logistic 195 

regression models for the association between TCS and PCOS. Potential covariates 196 

included age, education, smoking, alcohol intake, caffeine consumption, body mass 197 

index (BMI) and et al.
12 15

 We conducted a multiple imputation (five imputations) 198 

using the Markov chain Monte Carlo (MCMC) method for the missing values of 199 

smoking, alcohol and caffeine consumption.
21 22

 Then we explored the relationship of 200 

PCOS with smoking, drinking and caffeine consumption in crude and adjusted models. 201 

None of these variables was significantly associated with the outcome (P<0.05) using 202 

either imputed or the original database. Therefore they were not retained in the final 203 

models. Finally, age, education, and BMI were entered into the multivariable models. 204 

To explore the potential nonlinear association of TCS exposure with PCOS, 205 

fractional polynomial regression models were used to fit the relationship between 206 

urinary TCS levels and LH, FSH, LH/FSH ratio, estradiol, and progesterone. As an 207 

extension of polynomial regression models, the power terms of TCS concentration are 208 

chosen from a predefined set of values (-2, -1, -0.5, 0, 0.5, 1, 2, 3). Since the first or 209 

second-degree of fractional polynomials can provide adequate flexibility, we chose 210 
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the best model from first or second-degree of fractional polynomials without 211 

consideration a higher degree model. The best fit model is defined as the one that 212 

maximizes the likelihood (minimizes the deviance).
23 24

 The alternative models and 213 

deviances for the relationships between TCS and LH, LH/FSH and estradiol were 214 

shown in Appendix Tables 1-2. Deviance residuals plotted against urinary TCS 215 

concentrations showed no non-random trends or patterns for the selected models. The 216 

significance tests based on the comparison of deviance among final polynomial 217 

models and linear models, null models were presented in Appendix Tables 3-4 and 218 

Appendix Figures 1-2. 219 

The analyses of associations between TCS and reproductive hormones levels 220 

were restricted to non-PCOS participants to avoid potential interferences of PCOS. 221 

The hormone levels were log-transformed wherever appropriate. Serum level of 222 

estradiol was log10-transformed because of its skewed distribution. We first fitted 223 

crude fractional polynomial regression models and then explored adjusted models. All 224 

covariates retained in the aforementioned logistic regression models were retained in 225 

this analysis. We further adjusted estradiol to evaluate the independent effects of TCS 226 

on the development of symptoms of PCOS by controlling feedback regulations of 227 

estradiol on LH and FSH. All analyses were carried out using the Statistical Analysis 228 

Package (SAS) version 9.2 (SAS Institute Inc., Cary, NC, USA). 229 

 230 

Patient and Public Involvement statement. 231 

The patients and public were not involved in the study design or setting the research 232 
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agenda. 233 

RESULTS 234 

We first compared women who had TCS measurements and were included in the final 235 

analyses with those who did not have TCS measurements. There were no significant 236 

differences in demographic characteristics or reproductive hormones levels between 237 

these two groups except for education level. But subjects without TCS measurements 238 

had more missing values of tobacco, alcohol, and caffeine consumption. After the 239 

multiple imputations for missing values, only alcohol consumption was significantly 240 

different between women who had and did not have TCS measurements in the control 241 

group (Appendix Tables 5-6). A total of 84 infertile women with PCOS and 212 242 

women without PCOS were retained in the analyses. The mean age of participants 243 

was 31.7 (SD 4.1). Women in the PCOS group were younger and had higher 244 

education levels than those of the non-PCOS group (Table 1). There were no 245 

significant differences between the two groups in tobacco, alcohol, and caffeine 246 

consumption. 18% and 16% of the women were overweight or obese in these two 247 

groups, respectively. Age at menarche and menstrual cycle length were similar 248 

(p=0.0874 and 0.6138, respectively, Table 1). 249 

 250 

Table 1 Descriptive statistics of the characteristics of women with and without PCOS 251 

 PCOS (n=84) Non-PCOS 

(n=212) 

p 

Age [mean (SD), year] 30.4 (3.6) 32.2 (4.2) 0.0012 

BMI [(mean (SD), kg/m
2
] 21.9 (3.2) 22.0 (3.6) 0.8067 

Overweight (%) 18.1 16.3 0.7091 

Age at menarche [mean (SD), year] 14.0 (1.4) 14.3 (1.8) 0.0874 

Menstrual cycle [mean (SD), day] 30.2 (5.9) 29.8 (5.1) 0.6183 
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Education
 
(%)    

 Primary school and below 3 (3.6) 16 (7.6) <0.0001 

 Junior and senior high school 34 (40.5) 135 (63.7)  

 College, university, and 

postgraduate  

44 (52.4) 51 (24.1)  

 Missing 3 (3.6) 10 (4.7)  

Smoking (%)   0.3721 

No 67 (79.8) 154 (72.6)  

 Yes 2 (2.4) 4 (1.9)  

 Missing 15 (17.9) 54 (25.5)  

Alcohol (%)   0.6644 

 No 26 (31.0) 71 (33.5)  

 Occasionally 33 (39.3) 80 (37.7)  

 Often 12 (14.3) 21 (9.9)  

 Missing 13 (15.5) 40 (18.9)  

Caffeine (%)   0.2101 

 Non 49 (58.3) 126 (59.4)  

 Occasionally 23 (27.4) 43 (20.3)  

 Often 4 (4.8) 6 (2.8)  

 Missing 8 (9.5) 37 (17.5)  

 252 

Urinary TCS concentration was above the LOD in 90.5% (76/84) and 83.7% (185/221) 253 

of PCOS cases and controls, respectively. The results below LOD was substituted by 254 

(LOD)/2. The PCOS group had significantly higher TCS concentrations (with or 255 

without correction for creatinine) than the control group (Table 2). Serum LH level 256 

was higher in the cases than the controls, but the difference was not statistically 257 

significant. The LH/FSH ratio was elevated significantly in the PCOS group as 258 

compared with the non-PCOS group. Decreased estradiol concentration was observed 259 

in the PCOS group. There is no significantly difference in serum FSH or progesterone 260 

between the two groups (Table 2). 261 

 262 

Table 2 Descriptive statistics of TCS, LH, FSH, estradiol, and progesterone in 263 
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women with and without PCOS 264 

 PCOS (n=84) Non-PCOS (n=212) p 

TCS [median (IQR), ng/mL] 0.45 (0.25, 1.54) 0.37 (0.14, 0.98) 0.0249 

TCS_Crea [median (IQR), µg/g creatinine] 1.49 (0.68, 3.80) 1.06 (0.52, 3.02) 0.0407 

LH [��	����,	IU/L] 9.22 (6.05) , (n=40) 7.81 (7.04), (n=125) 0.2552 

FSH [��	����,	IU/L] 5.97 (2.03) , (n=40) 6.57 (1.87), (n=124) 0.0865 

LH/FSH [��	����] 1.65 (1.05) , (n=40) 1.22 (0.85) , (n=124) 0.0094 

Estradiol [median (IQR), pmol/L] 

 

127.96 (88.55, 229.49), 

(n=40) 

182.90 (116.90, 

311.28), (n=125) 

0.0164 

Progesterone [median (IQR), ng/mL] 1.73 (1.16, 2.17) 

(n=39) 

1.85 (1.26, 2.49), 

(n=122) 

0.2625 

a TCS_Cre: creatinine-corrected TCS concentration. 265 

 266 

The creatinine-corrected TCS levels were divided into three tertiles. We fitted a 267 

logistic regression model for the relationship between creatinine-corrected TCS levels 268 

and the probability of PCOS. Higher TCS level was associated with an increased odds 269 

of PCOS (P for trend=0.0204). The significantly increased odds ratio of PCOS was 270 

showed in the highest tertile when compared with the lowest tertile [OR=2.12 (95%CI: 271 

1.12, 3.99)]. After adjusting for covariates, the significant association remained 272 

(OR=1.99,95%CI: 1.05, 3.79) (Table 3). 273 

 274 

Table 3 The association between TCS exposure and PCOS 275 

TCS n Crude odds ratio （95% CI）a Adjusted odds ratio （95% CI）b 

<0.68 101 reference reference 

0.68-2.21 97 1.55 (0.81, 2.96) 1.47 (0.76, 2.84) 

>=2.21 98 2.12 (1.12, 3.99) 1.99 (1.05, 3.79) 

a p-trend crude=0.0204. 276 

b Adjusted for age, education , and BMI; p-trend adjusted=0.0351. 277 

 278 

To explore the association between TCS exposure and the developments of 279 

PCOS-associated symptoms we limited the further analyses to non-PCOS participants. 280 
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We fitted fractional polynomial regression models to explore the possible nonlinear 281 

associations between creatinine-corrected TCS and LH, FSH, LH/FSH, estradiol, and 282 

progesterone. Non-linear association was found between urinary levels of TCS and 283 

LH in both crude and adjusted models (Appendix Table 7). Even after adjusting for 284 

estradiol, trends of the curves were essentially unchanged (Figure 2). The fitted curves 285 

showed that LH increased gradually with elevated TCS when TCS level was below 1 286 

to 2ng/g. But LH level plateaued when TCS concentration increased further. The 287 

predicted values and 95% CI of LH and LH/FSH based on the selected models were 288 

presented in Appendix Table 8. 289 

Non-linear associations were also found between TCS and LH/FSH ratio 290 

(Appendix Tables 7-8). As depicted in Figure 2, LH/FSH ratio increased slightly with 291 

the elevated levels of TCS. The crude and adjusted models (with and without 292 

adjusting for estradiol) also generated similar results (red, blue, and black curves, 293 

Appendix Figure 3). 294 

 295 

DISCUSSION 296 

Our study showed that infertile women with PCOS had a significantly higher TCS 297 

level than infertile women without PCOS. Nonlinear relationships were found 298 

between TCS concentrations and LH and LH/FSH ratio in women without PCOS. 299 

These findings suggested that TCS may be associated with the developments of 300 

PCOS. 301 

The urinary TCS level in our study population [1.49 (IQR: 0.68, 3.80) and 1.06 302 
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(IQR: 0.52, 3.02) µg/g in the PCOS and non-PCOS group, respectively]was 303 

somewhat lower than that reported in Danish women (geometric mean of 304 

TCS=1.01ng/mL),
12

 and much lower than that in girls in the United States (geometric 305 

mean of TCS=12.4 µg/g creatinine) based on the data from the Centers for Disease 306 

Control and Prevention’s National Health and Nutrition Examination Survey 307 

(NHANES).
13

 But it was compatible with serum concentrations of TCS at 0.549 and 308 

0.649 ng/mL in pregnant women with normal and abnormal fetuses reported in a 309 

previous study in Beijing, China.
11

 In a another study in China (1997-2000), the 310 

creatinine-corrected TCS level (median TCS concentration was under the LOD 311 

2.3µg/L)
3
 was also much lower than that in the United States and Europe. Human 312 

TCS exposure mostly came from common personal care and household products such 313 

as perfume soap, shampoo, toothpaste, and liquid detergent. TCS is also widely added 314 

to personal care and household products as an antibacterial and antifungal agent in 315 

China, but the personal care products may not be used as frequently as that in the 316 

United States and Europe. For example, deodorant is composed of a high 317 

concentration of TCS. Women in China rarely use deodorant. This may not be the 318 

case in some western countries. Although it would be difficult to compare the contact 319 

frequency with personal care and household products across studies without 320 

standardized questionnaire, we may speculate that different TCS exposure levels may 321 

be due to different consumer behavior. We found a positive association between 322 

urinary TCS and the contact frequency with perfume soap/shampoo and liquid 323 

detergent (data no shown). The difference in TCS levels across studies may reflect 324 
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differences in consumer behavior of personal care and household products among 325 

countries and regions. 326 

A variety of reproductive hormone-like actions exerted by TCS have been 327 

reported in vitro and animal experiments, including estrogenic, androgenic, and 328 

anti-androgenic effects.
12 17 18 25 

Although different mechanisms as well as high 329 

tissue/organ specificity that TCS has may impact dose-dependent responses,
26

 ample 330 

evidence indicated that TCS may have a wide range of actions through its effects on 331 

hypothalamic-pituitary-gonadal axis (HPGA).
12

 In contrast to the reduced LH and 332 

FSH concentrations found to be associated with an increased TCS levels in an animal 333 

experiment in which rats were treated with TCS at a high-dose (20 mg/kg bw/day for 334 

a period of 60 days by intubation),
 27

 the positive association between TCS and LH 335 

concentration and LH/FSH ratio found in a low-dose exposed population like ours 336 

was compatible to the findings in other previous studies.
16 28

 Different species, doses, 337 

duration, timing, and route of exposure may lead to diverse modes of actions for TCS 338 

in vitro, in animal, and epidemiologic studies. 339 

Elevated LH concentrations and LH/FSH ratio were common clinical 340 

manifestation of PCOS patients.
1-3 29

 The positive association between TCS and LH 341 

and LH/FSH ratio in non-PCOS group suggested that TCS may contribute to the 342 

pathogenesis of PCOS. TCS at high- and low- dose may have different reproductive 343 

hormone-like actions. Even though humans are exposed to TCS at much lower level 344 

than that of the animal models, TCS still shows endocrine disrupting effects. 345 

Strength and Limitations 346 
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To our knowledge, this is the first study that provides evidence that TCS may play a 347 

role in the development of PCOS in human. However, several limitations are worth 348 

mentioning. First, the present study was a cross-sectional investigation. TCS levels 349 

were measured at a single point after the onset of PCOS. The concentration may not 350 

represent continuous levels of exposure before the onset of the disease. Ideally, we 351 

should measure urinary TCS several times in a prospective cohort study. However, a 352 

person’s lifestyle usually does not change dramatically over time; exposure to 353 

environmental TCS is likely to be more or less stable. Thus, the spot urinary TCS 354 

would reflect a general exposure level of individual.
30

 Second, the comparison group 355 

in this study consisted of infertility women due to genital tract inflammation and male 356 

infertility. TCS may be associated with both endocrine function and inflammation 357 

reaction.
16 31

 The inclusion of infertility women with genital tract inflammation may 358 

have drawn the estimates towards the null. But in a sensitivity analysis, we found no 359 

significant association of TCS with genital inflammation. Neither did we find 360 

remarkable changes in the relationships between TCS and estradiol, LH and FSH after 361 

adjusting for inflammation (data no shown). Third, effects of EEDCs are rarely 362 

uniform across the entire dose-response range.
26

 The whole range of TCS exposure in 363 

the current study was at relatively low levels. We cannot extrapolate reproductive 364 

effects of TCS beyond the available range in the current study. Thus, our findings of 365 

the positive nonlinear association between TCS and symptoms of PCOS (elevated LH 366 

and LH/FSH ratio) may not be generalized to a population of higher exposure. Fourth, 367 

although all subjects were given a full work-up for the diagnosis of PCOS, the 368 
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misclassification of PCOS and non-PCOS may exist. Since this misclassification was 369 

not associated with TCS exposure level, the bias was likely to have drawn the results 370 

towards the null. Fifth, the study subjects are volunteers from the infertility clinic. It 371 

may not totally represent all the infertile patients. However, it is unlikely that the 372 

self-selection bias was based on the level of TCS exposure. This limitation, therefore, 373 

may reduce the generalizability of the results to other population but not necessarily 374 

the internal validity of the findings. Finally, although unique, the sample size of the 375 

current study is still small. Larger studies are needed to confirm or refute our finding. 376 

 377 

CONCLUSIONS 378 

TCS exposure was significantly associated with PCOS in a Chinese population. LH 379 

and LH/FSH ratio increased nonlinearly with elevated TCS concentration at a 380 

relatively low level in women with a normal reproductive endocrine function. Further 381 

epidemiologic studies are needed to address this important, modifiable issue that may 382 

have important public health implications. 383 
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 487 

FIGURE LEGENDS 488 

Figure 1 Study subjects flow chart 489 

Figure 2 Dot plots and predicted curves based on fractional polynomial models fit for 490 

the association between TCS and LH and LH/FSH 491 

Grey curves: predicted curve (solid curve) and 95% confidence interval (CI) (dashed curves) fit to 492 

fractional polynomial models adjusting for age, education, and BMI. 493 

Black curves: predicted curve (solid curve) and 95% CI (dashed curves) fit to fractional 494 

polynomial models adjusting for age, education, BMI, and estradiol. 495 

 496 

 497 

SUPPLEMENTARY FILE 498 
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Appendix Table 1 Fractional polynomial models and deviances for the association 499 

between TCS and LH 500 

Appendix Table 2 Fractional polynomial models and deviances for the association 501 

between TCS and LH/FSH 502 

Appendix Table 3 Significance tests among final polynomial model, linear model, and 503 

null model fitted for the association between TCS and LH 504 

Appendix Table 4 Significance tests among final polynomial model, linear model, and 505 

null model fitted for the association between TCS and LH/FSH 506 

Appendix Table 5 Descriptive statistics of characteristics of non-PCOS women with 507 

and without urinary TCS concentration measurements 508 

Appendix Table 6 Descriptive statistics of characteristics of PCOS women with and 509 

without urinary TCS concentration measurements 510 

Appendix Table 7 Association between TCS and LH and LH/FSH in women without 511 

PCOS based on fractional polynomial regression models 512 

Appendix Table 8 Predicted LH and LH/FSH and 95% confidence interval for the 513 

expected value of the predicted value abased on fractional polynomial regression 514 

models fitted to the relationship between TCS and LH and LH/FSH
a
 515 

 516 

Appendix Figure 1 Predicted curves based on fractional polynomial and linear models 517 

fit for the association between TCS and LH 518 

Red curve: predicted curve fitted to the best first degree model (p=0.5) with adjusting 519 

for age, education, and BMI. 520 
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Black curve: predicted curve fitted to the best second degree model (p=-0.5, 0) with 521 

adjusting for age, education, and BMI. 522 

Grey curve: predicted curve fitted to the third degree model (p=-0.5, 0, 1) with 523 

adjusting for age, education, and BMI. 524 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, 525 

education, and BMI. 526 

 527 

Appendix Figure 2 Predicted curves based on fractional polynomial and linear models 528 

fit for the association between TCS and LH/FSH 529 

Black curve: predicted curve fitted to the best first degree model (p=0.5) with 530 

adjusting for age, education, and BMI. 531 

Grey curve: predicted curve fitted to the second degree model (p=0.5, 1) with 532 

adjusting for age, education, and BMI. 533 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, 534 

education, and BMI. 535 

 536 

Appendix Figure 3 Dot plots and predicted curves based on fractional polynomial 537 

models fitted for the association between TCS and LH and LH/FSH 538 

Red solid curves: fractional polynomial models without adjusting for covariates. 539 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and 540 

education. 541 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, 542 
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and estradiol. 543 

 544 
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Appendix 
Appendix Table 1 Fractional polynomial models and deviances for the association between TCS and 

LH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  848.5   840.8   803.5  
-1  841.5   833.9   797.0  

-0·5  836.9   829.6   793.2  
0  835.2   828.1   792.6  
0.5  834.6   827.5   793.1  
1  840.1   832.8   798.4  
2  850.6   843.0   807.2  
3  859.9   852.2   814.9  
Second degree       
p q       
-2 -2  853.1  845.5  808.8 
-2 -1  846.6   839.2   802.7  
-2 -0·5  843.1   835.8   799.6  
-2 0  842.5   835.4   799.9  
-2 0·5  842.5   835.3   801.0  
-2 1  848.0   840.6   806.4  
-2 2  858.4   850.8   815.2  
-2 3  867.7   860.0   822.9  
-1 -1  839.8   832.5   796.0  
-1 -0·5  834.3   827.2   790.7  
-1 0  835.3   828.2   792.7  
-1 0·5  836.0   828.8   794.5  
-1 1  841.4   834.0   800.0  
-1 2  851.7   844.1   808.7  
-1 3  860.8   853.2   816.3  

-0·5 -0·5  832.1   825.0   788.8  

-0·5 0  831.3   824.2   789.0  

-0·5 0·5  832.8   825.6   791.4  

-0·5 1  838.0   830.7   796.5  

-0·5 2  847.7   840.3   804.8  

-0·5 3  856.5   849.1   812.1  
0 0  835.5   828.4   793.7  
0 0·5  832.8   825.6   791.0  
0 1  837.9   830.7   795.5  
0 2  846.4   839.3   802.5  
0 3  854.5   847.4   809.4  

0·5 0·5  833.7   826.6   791.0  

0·5 1  835.3   828.2   791.5  

0·5 2  843.5   836.6   798.3  
0·5 3  851.7   844.8   806.0  
1 1  839.2   832.2   794.2  
1 2  845.6   838.7   800.1  
1 3  854.9   847.9   809.5  
2 2  853.8   846.7   808.6  
2 3  862.3   855.1   817.0  
3 3  870.9   863.6   825.5  
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a
 Value of -2 Log L corresponding to the best-fit model is underlined. 

b
 Adjusted for age, BMI, and education. 

c 
Adjusted for same variables as in + plus estradiol. 
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Appendix Table 2 Fractional polynomial models and deviances for the association between TCS and 

LH/FSH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  326.7   341.4   289.7  
-1  320.2   334.9   283.6  

-0·5  315.5   330.2   280.1  
0  310.8   325.3   276.3  
0.5  306.7   321.0   274.0  
1  311.7   325.9   280.3  
2  323.8   338.0   292.1  
3  334.8   349.1   301.7  
Second degree       
p q       

-2 -2  336.0  350.6  299.3 

-2 -1  329.5   344.2   293.7  
-2 -0·5  325.1   339.7   289.4  
-2 0  321.5   335.8   286.2  
-2 0·5  318.4   332.7   285.3  
-2 1  323.6   337.9   292.1  
-2 2  335.8   350.0   304.0  
-2 3  346.9   361.1   313.7  
-1 -1  322.0   336.6   285.5  
-1 -0·5  314.8   329.2   277.6  
-1 0  312.7   327.0   276.3  
-1 0·5  311.4   325.7   278.1  
-1 1  317.2   331.4   285.6  
-1 2  329.5   343.6   297.9  
-1 3  340.5   354.7   307.5  

-0·5 -0·5  310.5   324.8   272.8  

-0·5 0  307.3   321.6   271.5  

-0·5 0·5  308.3   322.5   275.6  

-0·5 1  314.3   328.5   283.2  

-0·5 2  326.1   340.3   294.9  

-0·5 3  336.6   350.9   304.2  
0 0  310.9   325.2   277.2  
0 0·5  308.7   323.0   276.7  
0 1  314.7   328.9   283.0  
0 2  324.8   339.1   292.1  
0 3  334.0   348.4   300.0  

0·5 0·5  310.2   324.5   277.7  

0·5 1  312.3   326.6   278.6  

0·5 2  321.2   335.6   285.6  
0·5 3  329.6   344.0   293.4  
1 1  316.2   330.7   280.8  
1 2  322.9   337.5   286.5  
1 3  332.2   346.8   296.1  
2 2  331.3   345.8   295.5  
2 3  340.0   354.5   304.4  
3 3  349.0   363.5   313.5  
a
 Value of -2 Log L corresponding to the best-fit model is underlined. 

b 
Adjusted for age, BMI, and education. 
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c 
Adjusted for same variables as in b plus estradiol. 

 

Appendix Table 3 Significance tests among final polynomial model, linear model, and null model fitted 

for the association between TCS and LH 

 First degree Second degree  Third degree  Linear model  Null model 

Crude model         

Powers 0.5 -0.5, 0  -0.5, 0, 1  1  - 

Deviance 834.6 831.3  833.5  840.1  - 

χ
2
 - 2.2

b
  6.6

a
  -  - 

P - >0.05
b
  <0.05

a
  -  - 

Adjusted model         

Powers 0.5 -0.5, 0  -0.5, 0, 1  1  - 

Deviance 827.5 824.2  826.4  832.8  2694.8 

χ
2
 - 2.2

b
  6.4

a
  1862

c
  - 

P - >0.05
b
  <0.05

a
  <0.01

c
  - 

a
Compared with the linear model 

b
Compared with the third degree model 

c
Compared with the null model

 

 

 
Red curve: predicted curve fitted to the best first degree model (p=0.5) with adjusting for age, 

education, and BMI. 

Black curve: predicted curve fitted to the best second degree model (p=-0.5, 0) with adjusting for 

age, education, and BMI. 

Grey curve: predicted curve fitted to the third degree model (p=-0.5, 0, 1) with adjusting for age, 

education, and BMI. 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, education, and 

BMI. 

Appendix Figure 1 Predicted curves based on fractional polynomial and linear models fit for the 

association between TCS and LH 

 
 

Appendix Table 4 Significance tests among final polynomial model, linear model, and null model fitted 

for the association between TCS and LH/FSH 

 First degree Second degree  Linear model  Null model 

Crude model       

Powers 0.5 0.5, 1  1  - 

Deviance 306.7 312.3  311.7  - 

χ
2
 5.6

b
 0.6

a
  -  - 

P <0.05
b
 >0.05

a
  -  - 

Adjusted model       

Powers 0.5 0.5, 1  1  - 

Deviance 321.0 326.6  325.9  1023.2 

χ
2
 5.6

b
 0.7

 a
  697.3

c
  - 

P <0.05
b
 >0.05

 a
  <0.05

c
  - 

a
Compared with the linear model 

b
Compared with the second degree model 

c
Compared with the null model 
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Black curve: predicted curve fitted to the best first degree model (p=0.5) with adjusting for age, 

education, and BMI. 

Grey curve: predicted curve fitted to the second degree model (p=0.5, 1) with adjusting for age, 

education, and BMI. 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, education, and 

BMI. 

Appendix Figure 2 Predicted curves based on fractional polynomial and linear models fit for the 

association between TCS and LH/FSH 
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Appendix Table 5 Descriptive statistics of characteristics of non-PCOS women with and without 

urinary TCS concentration measurements 

 Without TCS 

measurements (n=344) 

With TCS 

measurements (n=212) 

p 

Age [mean (SD), year] 31.8 (7.4) 32.2 (4.2) 0.4971 

BMI [(mean (SD), kg/m
2
] 21.8 (3.9) 22.0 (3.6) 0.1155 

Overweight (%) 14.3 16.3 0.4369 

Age at menarche [mean (SD), 

year] 

14.3 (1.4) 14.3 (1.8) 0.8048 

Menstrual cycle [mean (SD), 

day] 

29.3 (3.8) 29.8 (5.1) 0.2285 

Education
 
(%)   0.0292 

 Primary school and below 14 (4.1) 16 (7.6)  

 Junior and senior high school 193 (56.0) 135 (63.7)  

 College, university, and 

postgraduate education 

118 (34.4) 51 (24.1)  

 Missing 19 (5.5) 10 (4.7)  

Smoking(%)   <0.0001 

No 165 (47.8) 154 (72.6)  

 Yes 3 (0.9) 4 (1.9)  

 Missing 176 (51.3) 54 (25.5)  

Alcohol (%)   <0.0001 

 No 83 (24.1) 71 (33.5)  

 Occasionally 66 (19.2) 80 (37.7)  

 Often 6 (1.7) 21 (9.9)  

 Missing 189 (54.9) 40 (18.9)  

Caffeine (%)   <0.0001 

 Non 104 (30.2) 126 (59.4)  

 Occasionally 56 (16.3) 43 (20.3)  

 Often 7 (2.0) 6 (2.8)  

 Missing 177 (51.5) 37 (17.5)  

LH [�̅� (𝑠𝑑), IU/L] 9.53 (9.87), (n=267) 7.81 (7.04), (n=125) 0.0807 

FSH [�̅� (𝑠𝑑), IU/L] 7.07 (3.27), (n=268) 6.57 (1.87), (n=124) 0.1099 

LH/FSH [�̅� (𝑠𝑑)] 1.35 (0.98), (n=267) 1.22 (0.85) , (n=124) 0.7842 

Estradiol [median (IQR), pmol/L] 195.00 (113.00, 345.20), 

(n=266) 

182.90 (116.90, 311.28), 

(n=125) 

0.6488 

Progesterone [median (IQR), ng/mL] 1.63 (1.16, 2.34), (n=258) 1.85 (1.26, 2.49),  (n=122) 0.1337 
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Appendix Table 6 Descriptive statistics of characteristics of PCOS women with and without urinary 

TCS concentration measurements 

 Without TCS 

measurements (n=34) 

With TCS measurements 

(n=84) 

p 

Age [mean (SD), year] 30.4 (3.4) 30.4 (3.6) 0.8998 

BMI [(mean (SD), kg/m
2
] 22.2 (3.8) 21.9 (3.2) 0.6845 

Overweight (%) 21.2 18.1 0.7909 

Age at menarche [mean (SD), 

year] 

14.2 (1.6) 14.0 (1.4) 0.4313 

Menstrual cycle [mean (SD), 

day] 

32.8 (14.7) 30.2 (5.9) 0.2679 

Education
 
(%)    

 Primary school and below 0 (0.0) 3 (3.6) 0.6919 

 Junior and senior high school 13 (38.2) 34 (40.5)  

 College, university, and 

postgraduate education 

20 (58.8) 44 (52.4)  

 Missing 1 (2.9) 3 (3.6)  

Smoking (%)   0.0039 

No 18 (52.9) 67 (79.8)  

 Yes 0 (0.0) 2 (2.4)  

 Missing 16 (47.1) 15 (17.9)  

Alcohol (%)   0.0216 

 No 7 (20.6) 26 (31.0)  

 Occasionally 11 (32.4) 33 (39.3)  

 Often 2 (5.9) 12 (14.3)  

 Missing 14 (41.2) 13 (15.5)  

Caffeine (%)   0.0273 

 Non 12 (35.3) 49 (58.3)  

 Occasionally 11 (32.4) 23 (27.4)  

 Often 1 (2.9) 4 (4.8)  

 Missing 10 (29.4) 8 (9.5)  

LH [�̅� (𝑠𝑑), IU/L] 10.25 (4.71) , (n=26) 9.22 (6.05) , (n=40) 0.4653 

FSH [�̅� (𝑠𝑑), IU/L] 6.90 (1.85), (n=26) 5.97 (2.03), (n=40) 0.0647 

LH/FSH [�̅� (𝑠𝑑)] 1.58 (0.80), (n=26) 1.65 (1.05), (n=40) 0.7842 

Estradiol [median (IQR), pmol/L] 176.95 (132.80, 217.30), 

(n=26) 

127.96 (88.55, 229.49), 

(n=40) 

0.2342 

Progesterone
 

 [median (IQR), 

ng/mL] 

1.80 (1.35, 2.22), (n=24) 1.73 (1.16, 2.17) 

(n=39) 

0.9270 
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Appendix Table 7 Association between TCS and LH and LH/FSH in women without 

PCOS based on fractional polynomial regression models 
Response 

variable 

Crude model (n=125)  Adjusted model
b
 (n=122)  Adjusted model

c 
(n=121) 

Transfor

mation of 

TCS 

β (SE)
a
 P Transformat

ion of TCS 

β (SE)
a
 P Transform

ation of 

TCS 

β (SE)
a
 P 

LH TCS
-0.5

 1.70 

(1.66) 

0.3073 TCS
-0.5

 1.74 

(1.72) 

0.3125 TCS
-0.5

 -4.73 

(2.36) 

0.0467 

 ln (TCS) 1.79 

(0.89) 

0.0464 ln (TCS) 1.79 

(0.92) 

0.0538 TCS
-0.5

* ln 

(TCS) 

-1.36 

(0.76) 

0.0774 

LH/FSH TCS
0.5

 0.18 
(0.05) 

0.0005 TCS
0.5

 0.18 
(0.05) 

0.0004 TCS
-0.5

 0.42 
(0.16) 

0.0103 

       ln (TCS) 0.30 

(0.09) 

0.0007 

a 
β (SE): regression coefficient (standard error), obtained through selected fractional polynomial regression models. 

b
 Adjusted for age, education, and BMI. 

c 
Adjusted for same variables as in b plus estradiol. 

 

 

Appendix Table 8 Predicted LH and LH/FSH and 95% confidence interval for the 

expected value of the predicted value abased on fractional polynomial regression 

models fitted to the relationship between TCS and LH and LH/FSH
a
 

TCS 

(μg/g) 

LH (IU/L, 95% CI)  LH/FSH (95% CI) 

Crude model Adjusted model
b
 Adjusted model

c
 Crude model Adjusted model

b
 Adjusted model

c
 

1.00  7.18 (5.72, 8.64) 7.16 (5.62, 8.71) 7.49 (6.17, 8.81) 1.13 (0.97, 1.28) 1.10 (0.94, 1.26) 1.08 (0.93, 1.23) 

2.00  7.92 (6.48, 9.36) 7.89 (6.38, 9.4) 8.21 (6.90, 9.51) 1.20 (1.05, 1.34) 1.18 (1.03, 1.33) 1.17 (1.02, 1.31) 

3.00  8.42 (6.93, 9.92) 8.39 (6.84, 9.94) 8.63 (7.19, 10.06) 1.26 (1.11, 1.4) 1.24 (1.08, 1.39) 1.23 (1.09, 1.38) 

4.00  8.81 (7.23, 10.39) 8.77 (7.13, 10.41) 8.91 (7.34, 10.49) 1.30 (1.15, 1.46) 1.28 (1.13, 1.44) 1.29 (1.13, 1.45) 

5.00  9.12 (7.43, 10.80) 9.07 (7.33, 10.82) 9.13 (7.43, 10.82) 1.34 (1.18, 1.51) 1.33 (1.16, 1.49) 1.33 (1.17, 1.5) 

6.00  9.38 (7.59, 11.17) 9.33 (7.48, 11.18) 9.29 (7.49, 11.10) 1.38 (1.21, 1.55) 1.37 (1.19, 1.54) 1.37 (1.20, 1.55) 
7.00  9.60 (7.70, 11.50) 9.56 (7.60, 11.51) 9.43 (7.53, 11.33) 1.42 (1.23, 1.60) 1.4 (1.22, 1.59) 1.41 (1.22, 1.59) 

8.00  9.80 (7.80, 11.80) 9.75 (7.69, 11.81) 9.55 (7.57, 11.53) 1.45 (1.26, 1.64) 1.44 (1.24, 1.63) 1.44 (1.24, 1.63) 

9.00  9.98 (7.88, 12.08) 9.93 (7.76, 12.09) 9.65 (7.60, 11.70) 1.48 (1.27, 1.68) 1.47 (1.26, 1.67) 1.46 (1.26, 1.67) 

10.00  10.14 (7.94, 12.33) 10.09 (7.83, 12.34) 9.73 (7.62, 11.85)  1.51 (1.29, 1.73) 1.5 (1.28, 1.71) 1.49 (1.27, 1.71) 
a 

Selected fractional polynomial regression models.in Appendix Table 7 
b
 Adjusted for age, education, and BMI. 

c 
Adjusted for same variables as in b plus estradiol. 
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Red solid curves: fractional polynomial models without adjusting for covariates. 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and education. 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, and 

estradiol. 

 

Appendix Figure 3 Dot plots and predicted curves based on fractional polynomial 

models fitted for the association between TCS and LH and LH/FSH 
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ABSTRACT 56 

 57 

Objectives: Polycystic ovary syndrome (PCOS) is the most common endocrinopathy 58 

of women at reproductive age. Although the etiology of PCOS remains unclear, 59 

potential effects of environmental endocrine-disrupting compounds (EEDCs) on the 60 

development of PCOS have drawn increasing attention. The aim of the current study 61 

was to examine the association between triclosan (TCS) and PCOS, and explore 62 

possible mechanisms on how TCS may contribute to the development of clinical 63 

manifestations of PCOS. 64 

Design: Cross-sectional study. 65 

Setting: This study was conducted in one tertiary-level hospital located in Zhejiang, 66 

China. 67 

Participants: A total of 674 infertile women at 18-45 years of age were recruited in 68 

2014 – 2015. Participants with (n=84) and without (n=212) PCOS with urinary TCS 69 

concentration available were included in the analyses. 70 

Methods: Urinary TCS concentration was measured using a high performance liquid 71 

chromatography-electrospray ionization tandem mass spectrometry. Logistic 72 

regression model was used to examine the association between TCS and PCOS. 73 

Fractional polynomial regression models were built to fit the potential nonlinear 74 

relationship between TCS concentrations and LH and LH/FSH. 75 

Results: The PCOS group had significantly higher level of TCS concentration than the 76 

non-PCOS group [the median of TCS (interquartile range), µg/g creatinine: 1.49 (0.68, 77 
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3.80) vs. 1.06 (0.52, 3.02), p=0.0407]. Compared to the lowest tertile, the highest 78 

tertile of TCS concentration was associated with an increased odds of PCOS 79 

[OR=2.12, 95% confidence interval (CI): 1.12, 3.99]. After adjusting for potential 80 

confounders, the significant association remained (OR=1.99, 95%CI: 1.05, 3.79). 81 

Positive relationships were found between TCS levels and LH and LH/FSH ratio in 82 

non-PCOS participants. 83 

Conclusions: TCS exposure at a relatively low level is associated with PCOS in 84 

Chinese women. Further epidemiologic studies are needed to confirm our finding, 85 

which may have important public health implications. 86 

 87 

Strengths and limitations of this study 88 

� The flexibility of the fractional polynomial model in fitting nonlinear 89 

relationships between TCS concentrations and LH and LH/FSH in non-PCOS 90 

participants at relatively low levels of TCS exposure is a strength of this study. 91 

� TCS level measured at a single point after the onset of PCOS may not represent 92 

continuous levels of exposure before onset of diseases in the current study. 93 

� The inclusion of infertility women with genital tract inflammation in the control 94 

group may have drawn the estimates towards the null. 95 

� As with all cross-sectional studies, it is uncertain whether TCS exposure preceded 96 

PCOS. Therefore, a causal relationship can not be assured based on the current 97 

study. 98 

� TCS exposure was not measured in a substantial proportion of the original study 99 

population, limiting the generalizability of the results. 100 
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Environmental Exposure to Triclosan and Polycystic Ovary Syndrome: a 101 

cross-sectional study in China 102 

 103 

INTRODUCTION 104 

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy of women at 105 

reproductive age, which encompasses a broad range of signs including 106 

hyperandrogenism, polycystic ovaries, oligo- or anovulation, insulin resistance, and 107 

elevated luteinizing hormone (LH) level.
1
 The latter was observed in about 60% of 108 

women with PCOS,
1 2

 whereas the elevated LH/follicle stimulate hormone (FSH) 109 

ratio could be found in 95% of PCOS cases.
3
 Although the etiology of the syndrome 110 

remained unclear, potential effects of environmental endocrine-disrupting compounds 111 

(EEDCs) on the development of PCOS have drawn increasing attention.
4 5

 For 112 

example, animal studies have demonstrated that bisphenol A (BPA), a widely 113 

recognized EEDC, is involved in the pathogenesis of PCOS.
4
 BPA has also been 114 

found to be associated with reduced female fertility
6
 and reduced anogenital distance 115 

in male infants.
7
 116 

Triclosan (TCS) is a chlorinated aromatic compound that has a similar chemical 117 

structure to BPA. It is widely used in personal care as well as household products such 118 

as perfumed soaps, shampoo, toothpaste, and liquid disinfectants.
8
 
9 10

 Widespread 119 

exposures to TCS have been observed in many countries.
11-14

 Public concerns over the 120 

ubiquitous exposure to TCS and other EEDCs have increased.
12-15

 Evidence from 121 

animal and in vitro studies suggested a variety of hormonal activities of TCS, 122 
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including estrogenic, androgenic and anti-androgenic activities, and disturbance of 123 

thyroid hormone activities,
16-19

 all of which are related to PCOS-like syndrome. But 124 

human studies are few. 125 

Based on the structure-activity relationship, we hypothesize that like BPA, TCS 126 

may mimic, alter, or attenuate estradiol and other natural hormone functions.
16

 We 127 

speculate that effects of TCS exposure on reproductive hormones may result in PCOS 128 

symptoms such as hyperandrogenism, anovulation and elevated LH. For example, 129 

inverse associations were found between TCS exposure and pubic hair development 130 

in girls,
14

 anogenital distance at 3 months of age in boys
12

 and head circumference at 131 

birth.
11

 Although results from human studies were often inconsistent, the available 132 

evidence suggests that TCS exposure may affect the hypothalamic-pituitary-gonadal 133 

axis and lead to changes in production and action of reproductive hormones. Thus, we 134 

speculated that TCS exposure may contribute to the pathogenesis of PCOS. The aim 135 

of the current study is to examine the association between TCS and PCOS, and 136 

explore possible mechanisms on how TCS may contribute to the development of 137 

clinical manifestation of PCOS. 138 

 139 

METHODS 140 

Study sample. 141 

All infertile women at 18-45 years of age who came to the Women’s Hospital, 142 

Zhejiang University School of Medicine for infertility were potentially eligible for the 143 

current study. From March 2014 to August 2015, a total of 705 infertile women were 144 
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recruited. Infertility cases due to genital tract malformation with or without surgery 145 

(N=31) were excluded from this study. Infertility due to PCOS was treated as the case 146 

of interest while male infertility (women presenting for artificial insemination with 147 

donor’s semen (AID) or intra-cytoplasmic sperm injection (ICSI) or genital tract 148 

infection, tubal obstruction or adhesion but with a normal sex hormone profile were 149 

taken as the control group. PCOS was diagnosed according to the revised 2003 150 

Rotterdam criteria. 151 

A total of 118 PCOS cases and 556 non-PCOS infertile women were selected. We 152 

limited the analyses to 84 PCOS cases and 212 controls who had urinary TCS 153 

measured. Among the 212 controls, 74 were due to male infertility for AID or ICSI 154 

and 138 diagnosed of infertility due to genital tract infection, tubal obstruction or 155 

adhesion but with a normal sex hormone profile (Figure 1). All participants provided a 156 

written informed consent and the study protocol was approved by the Ethics 157 

Committees of the Women’s Hospital, Zhejiang University School of Medicine and 158 

Xinhua Hospital, Shanghai Jiao Tong University School of Medicine. 159 

An in-person interview was administered by a trained research assistant to collect 160 

information on women’s demographic, environmental exposure and behavioral 161 

characteristics. Clinical information (e.g., reproductive history and baseline 162 

reproductive hormones levels) was abstracted from the medical record. Blood and 163 

urine samples were also collected on the same day as the questionnaire was 164 

administered. 165 

 166 
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Urine specimen collection and TCS measurements. 167 

About 100 ml urine samples were collected in sterile polypropylene cups at the visit. 168 

Samples were aliquoted to polypropylene storage tubes (15 ml, 430791 CentriStar, 169 

Coring, CA, USA) and stored at -20ºC prior to TCS analysis. Urinary TCS 170 

concentration was measured using high performance liquid 171 

chromatography-electrospray ionization tandem mass spectrometry (HPLC-MS/MS) 172 

(Agilent 1290-64090, Agilent Technologies, Little Falls, DE, USA). The limit of 173 

detection (LOD) was 0.1ng/mL. TCS concentrations were corrected for urine dilution 174 

by creatinine. Creatinine concentration was measured using enzymatic method on 175 

automatic chemical analyzer (7100 Automatic Analyzer, Hitachi, Tokyo, Japan). More 176 

details on urinary TCS analytical methods were provided elsewhere.
20

 We substituted 177 

(LOD)/2	for the results below LOD. 178 

 179 

Outcomes. 180 

PCOS cases were diagnosed based on the revised 2003 Rotterdam criteria, in which a 181 

woman meets at least two out of three criteria: oligo- or anovulation; clinical and/or 182 

biochemical signs of hyperandrogenism; polycystic ovaries and exclusion of other 183 

etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing’s 184 

syndrome)]
1
. Levels of estradiol, progesterone, LH, and FSH were measured in serum 185 

collected on the second or third day of the menstrual cycle, using an automated 186 

electrochemiluminescence immunoassay. 187 

 188 
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Data analysis. 189 

Normally distributed variables were presented as means and standard deviance (SD). 190 

The two-tailed unpaired t test was used to evaluate the difference between PCOS and 191 

non-PCOS group. Variables with skewed distribution were described as median and 192 

inter-quartile range (IQR). Wilcoxon two-sample test was used to assess the 193 

difference in variables with a skewed distribution between two groups. TCS was 194 

grouped by tertiles and included as an ordered categorical variable in the logistic 195 

regression models for the association between TCS and PCOS. Potential covariates 196 

included age, education, smoking, alcohol intake, caffeine consumption, body mass 197 

index (BMI) and et al.
12 15

 We conducted a multiple imputation (five imputations) 198 

using the Markov chain Monte Carlo (MCMC) method for the missing values of 199 

smoking, alcohol and caffeine consumption.
21 22

 Then we explored the relationship of 200 

PCOS with smoking, drinking and caffeine consumption in crude and adjusted models. 201 

None of these variables was significantly associated with the outcome (P<0.05) using 202 

either imputed or the original database. Therefore they were not retained in the final 203 

models. Finally, age, education, and BMI were entered into the multivariable models. 204 

To explore the potential nonlinear association of TCS exposure with PCOS, 205 

fractional polynomial regression models were used to fit the relationship between 206 

urinary TCS levels and LH, FSH, LH/FSH ratio, estradiol, and progesterone. As an 207 

extension of polynomial regression models, the power terms of TCS concentration are 208 

chosen from a predefined set of values (-2, -1, -0.5, 0, 0.5, 1, 2, 3). Since the first or 209 

second-degree of fractional polynomials can provide adequate flexibility, we chose 210 
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the best model from first or second-degree of fractional polynomials without 211 

consideration a higher degree model. The best fit model is defined as the one that 212 

maximizes the likelihood (minimizes the deviance).
23 24

 The alternative models and 213 

deviances for the relationships between TCS and LH, LH/FSH and estradiol were 214 

shown in Appendix Tables 1-2. Deviance residuals plotted against urinary TCS 215 

concentrations showed no non-random trends or patterns for the selected models. The 216 

significance tests based on the comparison of deviance among best fitted first degree, 217 

second degree polynomial models, linear models, and models without any power term 218 

of TCS concentration were presented in Appendix Tables 3-4 and Appendix Figures 219 

1-2. Because the power term of TCS concentration for the best fitted first degree 220 

model was not nested within that of the best second degree model, the comparison 221 

between models based on the deviances only gives approximate P values. The model 222 

with the minimal deviance was chosen as the best fitted model. 223 

The analyses of associations between TCS and reproductive hormones levels 224 

were restricted to non-PCOS participants to avoid potential interferences of PCOS. 225 

The hormone levels were log-transformed wherever appropriate. Serum level of 226 

estradiol was log10-transformed because of its skewed distribution. We first fitted 227 

crude fractional polynomial regression models and then explored adjusted models. All 228 

covariates retained in the aforementioned logistic regression models were retained in 229 

this analysis. We further adjusted estradiol to evaluate the independent effects of TCS 230 

on the development of symptoms of PCOS by controlling feedback regulations of 231 

estradiol on LH and FSH. All analyses were carried out using the Statistical Analysis 232 
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Package (SAS) version 9.2 (SAS Institute Inc., Cary, NC, USA). 233 

 234 

Patient and Public Involvement statement. 235 

The patients and public were not involved in the study design or setting the research 236 

agenda. 237 

RESULTS 238 

We first compared women who had TCS measurements and were included in the final 239 

analyses with those who did not have TCS measurements. There were no significant 240 

differences in demographic characteristics or reproductive hormones levels between 241 

these two groups except for education level. But subjects without TCS measurements 242 

had more missing values of tobacco, alcohol, and caffeine consumption. After the 243 

multiple imputations for missing values, only alcohol consumption was significantly 244 

different between women who had and did not have TCS measurements in the control 245 

group (Appendix Tables 5-6). A total of 84 infertile women with PCOS and 212 246 

women without PCOS were retained in the analyses. The mean age of participants 247 

was 31.7 (SD 4.1). Women in the PCOS group were younger and had higher 248 

education levels than those of the non-PCOS group (Table 1). There were no 249 

significant differences between the two groups in tobacco, alcohol, and caffeine 250 

consumption. 18% and 16% of the women were overweight or obese in these two 251 

groups, respectively. Age at menarche and menstrual cycle length were similar 252 

(p=0.0874 and 0.6138, respectively, Table 1). 253 

 254 
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Table 1 Descriptive statistics of the characteristics of women with and without PCOS 255 

 PCOS (n=84) Non-PCOS 

(n=212) 

p 

Age [mean (SD), year] 30.4 (3.6) 32.2 (4.2) 0.0012 

BMI [(mean (SD), kg/m
2
] 21.9 (3.2) 22.0 (3.6) 0.8067 

Overweight (%) 18.1 16.3 0.7091 

Age at menarche [mean (SD), year] 14.0 (1.4) 14.3 (1.8) 0.0874 

Menstrual cycle [mean (SD), day] 30.2 (5.9) 29.8 (5.1) 0.6183 

Education
 
(%)    

 Primary school and below 3 (3.6) 16 (7.6) <0.0001 

 Junior and senior high school 34 (40.5) 135 (63.7)  

 College, university, and 

postgraduate  

44 (52.4) 51 (24.1)  

 Missing 3 (3.6) 10 (4.7)  

Smoking (%)   0.3721 

No 67 (79.8) 154 (72.6)  

 Yes 2 (2.4) 4 (1.9)  

 Missing 15 (17.9) 54 (25.5)  

Alcohol (%)   0.6644 

 No 26 (31.0) 71 (33.5)  

 Occasionally 33 (39.3) 80 (37.7)  

 Often 12 (14.3) 21 (9.9)  

 Missing 13 (15.5) 40 (18.9)  

Caffeine (%)   0.2101 

 Non 49 (58.3) 126 (59.4)  

 Occasionally 23 (27.4) 43 (20.3)  

 Often 4 (4.8) 6 (2.8)  

 Missing 8 (9.5) 37 (17.5)  

 256 

Urinary TCS concentration was above the LOD in 90.5% (76/84) and 83.7% (185/221) 257 

of PCOS cases and controls, respectively. The results below LOD was substituted by 258 

(LOD)/2. The PCOS group had significantly higher TCS concentrations (with or 259 

without correction for creatinine) than the control group (Table 2). Serum LH level 260 

was higher in the cases than the controls, but the difference was not statistically 261 

significant. The LH/FSH ratio was elevated significantly in the PCOS group as 262 

compared with the non-PCOS group. Decreased estradiol concentration was observed 263 
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in the PCOS group. There is no significantly difference in serum FSH or progesterone 264 

between the two groups (Table 2). 265 

 266 

Table 2 Descriptive statistics of TCS, LH, FSH, estradiol, and progesterone in 267 

women with and without PCOS 268 

 PCOS (n=84) Non-PCOS (n=212) p 

TCS [median (IQR), ng/mL] 0.45 (0.25, 1.54) 0.37 (0.14, 0.98) 0.0249 

TCS_Crea [median (IQR), µg/g creatinine] 1.49 (0.68, 3.80) 1.06 (0.52, 3.02) 0.0407 

LH [��	����,	IU/L] 9.22 (6.05) , (n=40) 7.81 (7.04), (n=125) 0.2552 

FSH [��	����,	IU/L] 5.97 (2.03) , (n=40) 6.57 (1.87), (n=124) 0.0865 

LH/FSH [��	����] 1.65 (1.05) , (n=40) 1.22 (0.85) , (n=124) 0.0094 

Estradiol [median (IQR), pmol/L] 

 

127.96 (88.55, 229.49), 

(n=40) 

182.90 (116.90, 

311.28), (n=125) 

0.0164 

Progesterone [median (IQR), ng/mL] 1.73 (1.16, 2.17) 

(n=39) 

1.85 (1.26, 2.49), 

(n=122) 

0.2625 

a TCS_Cre: creatinine-corrected TCS concentration. 269 

 270 

The creatinine-corrected TCS levels were divided into three tertiles. We fitted a 271 

logistic regression model for the relationship between creatinine-corrected TCS levels 272 

and the probability of PCOS. Higher TCS level was associated with an increased odds 273 

of PCOS (P for trend=0.0204). The significantly increased odds ratio of PCOS was 274 

showed in the highest tertile when compared with the lowest tertile [OR=2.12 (95%CI: 275 

1.12, 3.99)]. After adjusting for covariates, the significant association remained 276 

(OR=1.99,95%CI: 1.05, 3.79) (Table 3). 277 

 278 

Table 3 The association between TCS exposure and PCOS 279 

TCS n Crude odds ratio （95% CI）a Adjusted odds ratio （95% CI）b 

<0.68 101 reference reference 

0.68-2.21 97 1.55 (0.81, 2.96) 1.47 (0.76, 2.84) 

>=2.21 98 2.12 (1.12, 3.99) 1.99 (1.05, 3.79) 
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a p-trend crude=0.0204. 280 

b Adjusted for age, education , and BMI; p-trend adjusted=0.0351. 281 

 282 

To explore the association between TCS exposure and the developments of 283 

PCOS-associated symptoms we limited the further analyses to non-PCOS participants. 284 

We fitted fractional polynomial regression models to explore the possible nonlinear 285 

associations between creatinine-corrected TCS and LH, FSH, LH/FSH, estradiol, and 286 

progesterone. Non-linear association was found between urinary levels of TCS and 287 

LH in both crude and adjusted models (Appendix Table 7). Even after adjusting for 288 

estradiol, trends of the curves were essentially unchanged (Figure 2). The fitted curves 289 

showed that LH increased gradually with elevated TCS when TCS level was below 1 290 

to 2ng/g. But LH level plateaued when TCS concentration increased further. The 291 

predicted values and 95% CI of LH and LH/FSH based on the selected models were 292 

presented in Appendix Table 8. 293 

Non-linear associations were also found between TCS and LH/FSH ratio 294 

(Appendix Tables 7-8). As depicted in Figure 2, LH/FSH ratio increased slightly with 295 

the elevated levels of TCS. The crude and adjusted models (with and without 296 

adjusting for estradiol) also generated similar results (red, blue, and black curves, 297 

Appendix Figure 3). 298 

 299 

DISCUSSION 300 

Our study showed that infertile women with PCOS had a significantly higher TCS 301 

level than infertile women without PCOS. Nonlinear relationships were found 302 

between TCS concentrations and LH and LH/FSH ratio in women without PCOS. 303 
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These findings suggested that TCS may be associated with the developments of 304 

PCOS. 305 

The urinary TCS level in our study population [1.49 (IQR: 0.68, 3.80) and 1.06 306 

(IQR: 0.52, 3.02) µg/g in the PCOS and non-PCOS group, respectively]was 307 

somewhat lower than that reported in Danish women (geometric mean of 308 

TCS=1.01ng/mL),
12

 and much lower than that in girls in the United States (geometric 309 

mean of TCS=12.4 µg/g creatinine) based on the data from the Centers for Disease 310 

Control and Prevention’s National Health and Nutrition Examination Survey 311 

(NHANES).
13

 But it was compatible with serum concentrations of TCS at 0.549 and 312 

0.649 ng/mL in pregnant women with normal and abnormal fetuses reported in a 313 

previous study in Beijing, China.
11

 In a another study in China (1997-2000), the 314 

creatinine-corrected TCS level (median TCS concentration was under the LOD 315 

2.3µg/L)
3
 was also much lower than that in the United States and Europe. Human 316 

TCS exposure mostly came from common personal care and household products such 317 

as perfume soap, shampoo, toothpaste, and liquid detergent. TCS is also widely added 318 

to personal care and household products as an antibacterial and antifungal agent in 319 

China, but the personal care products may not be used as frequently as that in the 320 

United States and Europe. For example, deodorant is composed of a high 321 

concentration of TCS. Women in China rarely use deodorant. This may not be the 322 

case in some western countries. Although it would be difficult to compare the contact 323 

frequency with personal care and household products across studies without 324 

standardized questionnaire, we may speculate that different TCS exposure levels may 325 
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be due to different consumer behavior. We found a positive association between 326 

urinary TCS and the contact frequency with perfume soap/shampoo and liquid 327 

detergent (data no shown). The difference in TCS levels across studies may reflect 328 

differences in consumer behavior of personal care and household products among 329 

countries and regions. 330 

A variety of reproductive hormone-like actions exerted by TCS have been 331 

reported in vitro and animal experiments, including estrogenic, androgenic, and 332 

anti-androgenic effects.
12 17 18 25 

Although different mechanisms as well as high 333 

tissue/organ specificity that TCS has may impact dose-dependent responses,
26

 ample 334 

evidence indicated that TCS may have a wide range of actions through its effects on 335 

hypothalamic-pituitary-gonadal axis (HPGA).
12

 In contrast to the reduced LH and 336 

FSH concentrations found to be associated with an increased TCS levels in an animal 337 

experiment in which rats were treated with TCS at a high-dose (20 mg/kg bw/day for 338 

a period of 60 days by intubation),
 27

 the positive association between TCS and LH 339 

concentration and LH/FSH ratio found in a low-dose exposed population like ours 340 

was compatible to the findings in other previous studies.
16 28

 Different species, doses, 341 

duration, timing, and route of exposure may lead to diverse modes of actions for TCS 342 

in vitro, in animal, and epidemiologic studies. 343 

Elevated LH concentrations and LH/FSH ratio were common clinical 344 

manifestation of PCOS patients.
1-3 29

 The positive association between TCS and LH 345 

and LH/FSH ratio in non-PCOS group suggested that TCS may contribute to the 346 

pathogenesis of PCOS. TCS at high- and low- dose may have different reproductive 347 
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hormone-like actions. Even though humans are exposed to TCS at much lower level 348 

than that of the animal models, TCS still shows endocrine disrupting effects. 349 

Strength and Limitations 350 

To our knowledge, this is the first study that provides evidence that TCS may play a 351 

role in the development of PCOS in human. However, several limitations are worth 352 

mentioning. First, the present study was a cross-sectional investigation. TCS levels 353 

were measured at a single point after the onset of PCOS. The concentration may not 354 

represent continuous levels of exposure before the onset of the disease. Ideally, we 355 

should measure urinary TCS several times in a prospective cohort study. However, a 356 

person’s lifestyle usually does not change dramatically over time; exposure to 357 

environmental TCS is likely to be more or less stable. Thus, the spot urinary TCS 358 

would reflect a general exposure level of individual.
30

 Second, the comparison group 359 

in this study consisted of infertility women due to genital tract inflammation and male 360 

infertility. TCS may be associated with both endocrine function and inflammation 361 

reaction.
16 31

 The inclusion of infertility women with genital tract inflammation may 362 

have drawn the estimates towards the null. But in a sensitivity analysis, we found no 363 

significant association of TCS with genital inflammation. Neither did we find 364 

remarkable changes in the relationships between TCS and estradiol, LH and FSH after 365 

adjusting for inflammation (data no shown). Third, effects of EEDCs are rarely 366 

uniform across the entire dose-response range.
26

 The whole range of TCS exposure in 367 

the current study was at relatively low levels. We cannot extrapolate reproductive 368 

effects of TCS beyond the available range in the current study. Thus, our findings of 369 
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the positive nonlinear association between TCS and symptoms of PCOS (elevated LH 370 

and LH/FSH ratio) may not be generalized to a population of higher exposure. Fourth, 371 

although all subjects were given a full work-up for the diagnosis of PCOS, the 372 

misclassification of PCOS and non-PCOS may exist. Since this misclassification was 373 

not associated with TCS exposure level, the bias was likely to have drawn the results 374 

towards the null. Fifth, the study subjects are volunteers from the infertility clinic. It 375 

may not totally represent all the infertile patients. However, it is unlikely that the 376 

self-selection bias was based on the level of TCS exposure. This limitation, therefore, 377 

may reduce the generalizability of the results to other population but not necessarily 378 

the internal validity of the findings. Finally, although unique, the sample size of the 379 

current study is still small. Larger studies are needed to confirm or refute our finding. 380 

 381 

CONCLUSIONS 382 

TCS exposure was significantly associated with PCOS in a Chinese population. LH 383 

and LH/FSH ratio increased nonlinearly with elevated TCS concentration at a 384 

relatively low level in women with a normal reproductive endocrine function. Further 385 

epidemiologic studies are needed to address this important, modifiable issue that may 386 

have important public health implications. 387 
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 491 

FIGURE LEGENDS 492 

Figure 1 Study subjects flow chart 493 

Figure 2 Dot plots and predicted curves based on fractional polynomial models fit for 494 

the association between TCS and LH and LH/FSH 495 

Grey curves: predicted curve (solid curve) and 95% confidence interval (CI) (dashed curves) fit to 496 

fractional polynomial models adjusting for age, education, and BMI. 497 
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Black curves: predicted curve (solid curve) and 95% CI (dashed curves) fit to fractional 498 

polynomial models adjusting for age, education, BMI, and estradiol. 499 

 500 

 501 

SUPPLEMENTARY FILE 502 

Appendix Table 1 Fractional polynomial models and deviances for the association 503 

between TCS and LH 504 

Appendix Table 2 Fractional polynomial models and deviances for the association 505 

between TCS and LH/FSH 506 

Appendix Table 3 Significance tests among final polynomial model, linear model, and 507 

null model fitted for the association between TCS and LH 508 

Appendix Table 4 Significance tests among final polynomial model, linear model, and 509 

null model fitted for the association between TCS and LH/FSH 510 

Appendix Table 5 Descriptive statistics of characteristics of non-PCOS women with 511 

and without urinary TCS concentration measurements 512 

Appendix Table 6 Descriptive statistics of characteristics of PCOS women with and 513 

without urinary TCS concentration measurements 514 

Appendix Table 7 Association between TCS and LH and LH/FSH in women without 515 

PCOS based on fractional polynomial regression models 516 

Appendix Table 8 Predicted LH and LH/FSH and 95% confidence interval for the 517 

expected value of the predicted value abased on fractional polynomial regression 518 

models fitted to the relationship between TCS and LH and LH/FSH
a
 519 

 520 
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Appendix Figure 1 Predicted curves based on fractional polynomial and linear models 521 

fit for the association between TCS and LH 522 

Red curve: predicted curve fitted to the best first degree model (p=0.5) with adjusting 523 

for age, education, and BMI. 524 

Black curve: predicted curve fitted to the best second degree model (p=-0.5, 0) with 525 

adjusting for age, education, and BMI. 526 

Grey curve: predicted curve fitted to the third degree model (p=-0.5, 0, 1) with 527 

adjusting for age, education, and BMI. 528 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, 529 

education, and BMI. 530 

 531 

Appendix Figure 2 Predicted curves based on fractional polynomial and linear models 532 

fit for the association between TCS and LH/FSH 533 

Black curve: predicted curve fitted to the best first degree model (p=0.5) with 534 

adjusting for age, education, and BMI. 535 

Grey curve: predicted curve fitted to the second degree model (p=0.5, 1) with 536 

adjusting for age, education, and BMI. 537 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, 538 

education, and BMI. 539 

 540 

Appendix Figure 3 Dot plots and predicted curves based on fractional polynomial 541 

models fitted for the association between TCS and LH and LH/FSH 542 
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Red solid curves: fractional polynomial models without adjusting for covariates. 543 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and 544 

education. 545 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, 546 

and estradiol. 547 

 548 
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Appendix 
Appendix Table 1 Fractional polynomial models and deviances for the association between TCS and 

LH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  848.5   840.8   803.5  
-1  841.5   833.9   797.0  

-0·5  836.9   829.6   793.2  
0  835.2   828.1   792.6  
0.5  834.6   827.5   793.1  
1  840.1   832.8   798.4  
2  850.6   843.0   807.2  
3  859.9   852.2   814.9  
Second degree       
p q       
-2 -2  853.1  845.5  808.8 
-2 -1  846.6   839.2   802.7  
-2 -0·5  843.1   835.8   799.6  
-2 0  842.5   835.4   799.9  
-2 0·5  842.5   835.3   801.0  
-2 1  848.0   840.6   806.4  
-2 2  858.4   850.8   815.2  
-2 3  867.7   860.0   822.9  
-1 -1  839.8   832.5   796.0  
-1 -0·5  834.3   827.2   790.7  
-1 0  835.3   828.2   792.7  
-1 0·5  836.0   828.8   794.5  
-1 1  841.4   834.0   800.0  
-1 2  851.7   844.1   808.7  
-1 3  860.8   853.2   816.3  

-0·5 -0·5  832.1   825.0   788.8  

-0·5 0  831.3   824.2   789.0  

-0·5 0·5  832.8   825.6   791.4  

-0·5 1  838.0   830.7   796.5  

-0·5 2  847.7   840.3   804.8  

-0·5 3  856.5   849.1   812.1  
0 0  835.5   828.4   793.7  
0 0·5  832.8   825.6   791.0  
0 1  837.9   830.7   795.5  
0 2  846.4   839.3   802.5  
0 3  854.5   847.4   809.4  

0·5 0·5  833.7   826.6   791.0  

0·5 1  835.3   828.2   791.5  

0·5 2  843.5   836.6   798.3  
0·5 3  851.7   844.8   806.0  
1 1  839.2   832.2   794.2  
1 2  845.6   838.7   800.1  
1 3  854.9   847.9   809.5  
2 2  853.8   846.7   808.6  
2 3  862.3   855.1   817.0  
3 3  870.9   863.6   825.5  
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a
 Value of -2 Log L corresponding to the best-fit model is underlined. 

b
 Adjusted for age, BMI, and education. 

c 
Adjusted for same variables as in + plus estradiol. 
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Appendix Table 2 Fractional polynomial models and deviances for the association between TCS and 

LH/FSH
a 

Powers  -2 Log L 

  Crude model  Adjusted model
b
  Adjusted model

c
 

First degree 

p 
      

-2  326.7   341.4   289.7  
-1  320.2   334.9   283.6  

-0·5  315.5   330.2   280.1  
0  310.8   325.3   276.3  
0.5  306.7   321.0   274.0  
1  311.7   325.9   280.3  
2  323.8   338.0   292.1  
3  334.8   349.1   301.7  
Second degree       
p q       

-2 -2  336.0  350.6  299.3 

-2 -1  329.5   344.2   293.7  
-2 -0·5  325.1   339.7   289.4  
-2 0  321.5   335.8   286.2  
-2 0·5  318.4   332.7   285.3  
-2 1  323.6   337.9   292.1  
-2 2  335.8   350.0   304.0  
-2 3  346.9   361.1   313.7  
-1 -1  322.0   336.6   285.5  
-1 -0·5  314.8   329.2   277.6  
-1 0  312.7   327.0   276.3  
-1 0·5  311.4   325.7   278.1  
-1 1  317.2   331.4   285.6  
-1 2  329.5   343.6   297.9  
-1 3  340.5   354.7   307.5  

-0·5 -0·5  310.5   324.8   272.8  

-0·5 0  307.3   321.6   271.5  

-0·5 0·5  308.3   322.5   275.6  

-0·5 1  314.3   328.5   283.2  

-0·5 2  326.1   340.3   294.9  

-0·5 3  336.6   350.9   304.2  
0 0  310.9   325.2   277.2  
0 0·5  308.7   323.0   276.7  
0 1  314.7   328.9   283.0  
0 2  324.8   339.1   292.1  
0 3  334.0   348.4   300.0  

0·5 0·5  310.2   324.5   277.7  

0·5 1  312.3   326.6   278.6  

0·5 2  321.2   335.6   285.6  
0·5 3  329.6   344.0   293.4  
1 1  316.2   330.7   280.8  
1 2  322.9   337.5   286.5  
1 3  332.2   346.8   296.1  
2 2  331.3   345.8   295.5  
2 3  340.0   354.5   304.4  
3 3  349.0   363.5   313.5  
a
 Value of -2 Log L corresponding to the best-fit model is underlined. 

b 
Adjusted for age, BMI, and education. 
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c 
Adjusted for same variables as in b plus estradiol. 

 

Appendix Table 3 Significance tests among final polynomial model, linear model, and null model fitted 

for the association between TCS and LH 

 First degree Second degree Linear model Model without TCS 

Crude model     

Powers 0.5 -0.5, 0
d
 1 - 

Deviance 834.6 831.3 840.1 - 

χ
2
 5.5

a
 3.3

b
 - - 

P <0.05 >0.05 - - 

Adjusted model     

Powers 0.5 -0.5, 0
d
 1 - 

Deviance 827.5 824.2 832.8 2694.8 

χ
2
 5.3

a
 3.3

b
 1862

c
 - 

P <0.05 >0.05 <0.05 - 
a
Compared with the linear model 

b
Compared with the first degree model 

c
Compared with the model without any power term of TCS concentration 

d
The final chosen model, overall statistical significance test for the final chosen model without 

covariates: F=3.23, P=0.043. 

 

 
Red curve: predicted curve fitted to the best first degree model (p=0.5) with adjusting for age, 

education, and BMI. 

Black curve: predicted curve fitted to the best second degree model (p=-0.5, 0) with adjusting for 

age, education, and BMI. 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, education, and 

BMI. 

Appendix Figure 1 Predicted curves based on fractional polynomial and linear models fit for the 

association between TCS and LH 

 
Appendix Table 4 Significance tests among final polynomial model, linear model, and null model fitted 

for the association between TCS and LH/FSH 

 First degree Second degree  Linear model  Model without TCS 

Crude model       

Powers 0.5
d
 0.5, 1  1  - 

Deviance 306.7 312.3  311.7  - 

χ
2
 5

a
 5.6

b
  -  - 

P <0.05 <0.05  -  - 

Adjusted model       

Powers 0.5
d
 0.5, 1  1  - 

Deviance 321.0 326.6  325.9  1023.2 

χ
2
 4.9

a
 5.6

a
  697.3

c
  - 

P <0.05 <0.05  <0.05   
a
Compared with the linear model 

b
Compared with the first degree model 

c
Compared with the model without any power term of TCS concentration 

d
The final chosen model, overall statistical significance test for the final chosen model without 

covariates: F=12.73, P=0.0005. 
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Black curve: predicted curve fitted to the best first degree model (p=0.5) with adjusting for age, 

education, and BMI. 

Grey curve: predicted curve fitted to the second degree model (p=0.5, 1) with adjusting for age, 

education, and BMI. 

Blue curve: predicted curve fitted to the linear model (p=1) with adjusting for age, education, and 

BMI. 

Appendix Figure 2 Predicted curves based on fractional polynomial and linear models fit for the 

association between TCS and LH/FSH 
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Appendix Table 5 Descriptive statistics of characteristics of non-PCOS women with and without 

urinary TCS concentration measurements 

 Without TCS 

measurements (n=344) 

With TCS 

measurements (n=212) 

p 

Age [mean (SD), year] 31.8 (7.4) 32.2 (4.2) 0.4971 

BMI [(mean (SD), kg/m
2
] 21.8 (3.9) 22.0 (3.6) 0.1155 

Overweight (%) 14.3 16.3 0.4369 

Age at menarche [mean (SD), 

year] 

14.3 (1.4) 14.3 (1.8) 0.8048 

Menstrual cycle [mean (SD), 

day] 

29.3 (3.8) 29.8 (5.1) 0.2285 

Education
 
(%)   0.0292 

 Primary school and below 14 (4.1) 16 (7.6)  

 Junior and senior high school 193 (56.0) 135 (63.7)  

 College, university, and 

postgraduate education 

118 (34.4) 51 (24.1)  

 Missing 19 (5.5) 10 (4.7)  

Smoking(%)   <0.0001 

No 165 (47.8) 154 (72.6)  

 Yes 3 (0.9) 4 (1.9)  

 Missing 176 (51.3) 54 (25.5)  

Alcohol (%)   <0.0001 

 No 83 (24.1) 71 (33.5)  

 Occasionally 66 (19.2) 80 (37.7)  

 Often 6 (1.7) 21 (9.9)  

 Missing 189 (54.9) 40 (18.9)  

Caffeine (%)   <0.0001 

 Non 104 (30.2) 126 (59.4)  

 Occasionally 56 (16.3) 43 (20.3)  

 Often 7 (2.0) 6 (2.8)  

 Missing 177 (51.5) 37 (17.5)  

LH [�̅� (𝑠𝑑), IU/L] 9.53 (9.87), (n=267) 7.81 (7.04), (n=125) 0.0807 

FSH [�̅� (𝑠𝑑), IU/L] 7.07 (3.27), (n=268) 6.57 (1.87), (n=124) 0.1099 

LH/FSH [�̅� (𝑠𝑑)] 1.35 (0.98), (n=267) 1.22 (0.85) , (n=124) 0.7842 

Estradiol [median (IQR), pmol/L] 195.00 (113.00, 345.20), 

(n=266) 

182.90 (116.90, 311.28), 

(n=125) 

0.6488 

Progesterone [median (IQR), ng/mL] 1.63 (1.16, 2.34), (n=258) 1.85 (1.26, 2.49),  (n=122) 0.1337 
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Appendix Table 6 Descriptive statistics of characteristics of PCOS women with and without urinary 

TCS concentration measurements 

 Without TCS 

measurements (n=34) 

With TCS measurements 

(n=84) 

p 

Age [mean (SD), year] 30.4 (3.4) 30.4 (3.6) 0.8998 

BMI [(mean (SD), kg/m
2
] 22.2 (3.8) 21.9 (3.2) 0.6845 

Overweight (%) 21.2 18.1 0.7909 

Age at menarche [mean (SD), 

year] 

14.2 (1.6) 14.0 (1.4) 0.4313 

Menstrual cycle [mean (SD), 

day] 

32.8 (14.7) 30.2 (5.9) 0.2679 

Education
 
(%)    

 Primary school and below 0 (0.0) 3 (3.6) 0.6919 

 Junior and senior high school 13 (38.2) 34 (40.5)  

 College, university, and 

postgraduate education 

20 (58.8) 44 (52.4)  

 Missing 1 (2.9) 3 (3.6)  

Smoking (%)   0.0039 

No 18 (52.9) 67 (79.8)  

 Yes 0 (0.0) 2 (2.4)  

 Missing 16 (47.1) 15 (17.9)  

Alcohol (%)   0.0216 

 No 7 (20.6) 26 (31.0)  

 Occasionally 11 (32.4) 33 (39.3)  

 Often 2 (5.9) 12 (14.3)  

 Missing 14 (41.2) 13 (15.5)  

Caffeine (%)   0.0273 

 Non 12 (35.3) 49 (58.3)  

 Occasionally 11 (32.4) 23 (27.4)  

 Often 1 (2.9) 4 (4.8)  

 Missing 10 (29.4) 8 (9.5)  

LH [�̅� (𝑠𝑑), IU/L] 10.25 (4.71) , (n=26) 9.22 (6.05) , (n=40) 0.4653 

FSH [�̅� (𝑠𝑑), IU/L] 6.90 (1.85), (n=26) 5.97 (2.03), (n=40) 0.0647 

LH/FSH [�̅� (𝑠𝑑)] 1.58 (0.80), (n=26) 1.65 (1.05), (n=40) 0.7842 

Estradiol [median (IQR), pmol/L] 176.95 (132.80, 217.30), 

(n=26) 

127.96 (88.55, 229.49), 

(n=40) 

0.2342 

Progesterone
 

 [median (IQR), 

ng/mL] 

1.80 (1.35, 2.22), (n=24) 1.73 (1.16, 2.17) 

(n=39) 

0.9270 
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Appendix Table 7 Association between TCS and LH and LH/FSH in women without 

PCOS based on fractional polynomial regression models 
Response 

variable 

Crude model (n=125)  Adjusted model
b
 (n=122)  Adjusted model

c 
(n=121) 

Transfor

mation of 

TCS 

β (SE)
a
 P Transformat

ion of TCS 

β (SE)
a
 P Transform

ation of 

TCS 

β (SE)
a
 P 

LH TCS
-0.5

 1.70 

(1.66) 

0.3073 TCS
-0.5

 1.74 

(1.72) 

0.3125 TCS
-0.5

 -4.73 

(2.36) 

0.0467 

 ln (TCS) 1.79 

(0.89) 

0.0464 ln (TCS) 1.79 

(0.92) 

0.0538 TCS
-0.5

* ln 

(TCS) 

-1.36 

(0.76) 

0.0774 

LH/FSH TCS
0.5

 0.18 
(0.05) 

0.0005 TCS
0.5

 0.18 
(0.05) 

0.0004 TCS
-0.5

 0.42 
(0.16) 

0.0103 

       ln (TCS) 0.30 

(0.09) 

0.0007 

a 
β (SE): regression coefficient (standard error), obtained through selected fractional polynomial regression models. 

b
 Adjusted for age, education, and BMI. 

c 
Adjusted for same variables as in b plus estradiol. 

 

 

Appendix Table 8 Predicted LH and LH/FSH and 95% confidence interval for the 

expected value of the predicted value abased on fractional polynomial regression 

models fitted to the relationship between TCS and LH and LH/FSH
a
 

TCS 

(μg/g) 

LH (IU/L, 95% CI)  LH/FSH (95% CI) 

Crude model Adjusted model
b
 Adjusted model

c
 Crude model Adjusted model

b
 Adjusted model

c
 

1.00  7.18 (5.72, 8.64) 7.16 (5.62, 8.71) 7.49 (6.17, 8.81) 1.13 (0.97, 1.28) 1.10 (0.94, 1.26) 1.08 (0.93, 1.23) 

2.00  7.92 (6.48, 9.36) 7.89 (6.38, 9.4) 8.21 (6.90, 9.51) 1.20 (1.05, 1.34) 1.18 (1.03, 1.33) 1.17 (1.02, 1.31) 

3.00  8.42 (6.93, 9.92) 8.39 (6.84, 9.94) 8.63 (7.19, 10.06) 1.26 (1.11, 1.4) 1.24 (1.08, 1.39) 1.23 (1.09, 1.38) 

4.00  8.81 (7.23, 10.39) 8.77 (7.13, 10.41) 8.91 (7.34, 10.49) 1.30 (1.15, 1.46) 1.28 (1.13, 1.44) 1.29 (1.13, 1.45) 

5.00  9.12 (7.43, 10.80) 9.07 (7.33, 10.82) 9.13 (7.43, 10.82) 1.34 (1.18, 1.51) 1.33 (1.16, 1.49) 1.33 (1.17, 1.5) 

6.00  9.38 (7.59, 11.17) 9.33 (7.48, 11.18) 9.29 (7.49, 11.10) 1.38 (1.21, 1.55) 1.37 (1.19, 1.54) 1.37 (1.20, 1.55) 
7.00  9.60 (7.70, 11.50) 9.56 (7.60, 11.51) 9.43 (7.53, 11.33) 1.42 (1.23, 1.60) 1.4 (1.22, 1.59) 1.41 (1.22, 1.59) 

8.00  9.80 (7.80, 11.80) 9.75 (7.69, 11.81) 9.55 (7.57, 11.53) 1.45 (1.26, 1.64) 1.44 (1.24, 1.63) 1.44 (1.24, 1.63) 

9.00  9.98 (7.88, 12.08) 9.93 (7.76, 12.09) 9.65 (7.60, 11.70) 1.48 (1.27, 1.68) 1.47 (1.26, 1.67) 1.46 (1.26, 1.67) 

10.00  10.14 (7.94, 12.33) 10.09 (7.83, 12.34) 9.73 (7.62, 11.85)  1.51 (1.29, 1.73) 1.5 (1.28, 1.71) 1.49 (1.27, 1.71) 
a 

Selected fractional polynomial regression models.in Appendix Table 7 
b
 Adjusted for age, education, and BMI. 

c 
Adjusted for same variables as in b plus estradiol. 
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Red solid curves: fractional polynomial models without adjusting for covariates. 

Blue dashed curves: fractional polynomial models adjusting for age, BMI, and education. 

Black solid curves: fractional polynomial models adjusting for age, BMI, education, and 

estradiol. 

 

Appendix Figure 3 Dot plots and predicted curves based on fractional polynomial 

models fitted for the association between TCS and LH and LH/FSH 
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies 

 

Section/Topic Item 

# 
Recommendation Reported on page # 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1, 4-5 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 4-5 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 6-7 

Objectives 3 State specific objectives, including any prespecified hypotheses 7 

Methods  

Study design 4 Present key elements of study design early in the paper 7-8 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

7-9 

Participants 

 

6 

 

(a) Give the eligibility criteria, and the sources and methods of selection of participants 7-8 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

8-9 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

8-9 

Bias 9 Describe any efforts to address potential sources of bias 10-11 

Study size 10 Explain how the study size was arrived at . 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

9-11 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 9-11 

 

 

 

 

(b) Describe any methods used to examine subgroups and interactions 10-11 

(c) Explain how missing data were addressed . 

(d) If applicable, describe analytical methods taking account of sampling strategy . 

(e) Describe any sensitivity analyses . 

Results    
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed 

7-8, 12 

  (b) Give reasons for non-participation at each stage . 

  (c) Consider use of a flow diagram  

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

11-14 

  (b) Indicate number of participants with missing data for each variable of interest 13 

Outcome data 15* Report numbers of outcome events or summary measures 13-14 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

13-15 

  (b) Report category boundaries when continuous variables were categorized . 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period . 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 15 

Discussion    

Key results 18 Summarise key results with reference to study objectives 15-16 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias 

18-19 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

16-18 

Generalisability 21 Discuss the generalisability (external validity) of the study results 18-19 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

20 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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