
SUPPLEMENTARY MATERIALS

Materials: Section S1
Supplementary Tables S1–S4
Section S1: Study design 

1  Inclusion and Exclusion Criteria
 

1.1  PCOS diagnostic criteria

Rotterdam criteria was used as the diagnostic criteria for PCOS[1]. At least two of the following three criteria
should be met: 1) Oligo- or anovulation; 2) Clinical and/or biochemical signs of hyperandrogenism; 3) Polycystic
ovaries after exclusion of other etiologies. 

1.2  Inclusion criteria

Women aged 25–37 years with a body mass index of 18.5–28 kg/m2 were included. 

1.3  Exclusion criteria

Participants  with  endometriosis,  adenomyosis,  hyperprolactinemia,  thyroid  disorders,  hypertension,
diabetes  mellitus,  hyperlipidemia,  hyperprogesteronemia,  congenital  adrenal  hyperplasia  or  androgen-
secreting tumors were excluded. 

2  Study Population

During  2018–2021,  women  who  had  undergone in  vitro fertilization–embryo  transfer  or  intracytoplasmic
sperm injection–embryo transfer  treatments  at  Yantai  Yuhuangding Hospital  were recruited.  A  total  of  5,889
women  with  follicular  fluid  samples  were  initially  included.  According  to  the  inclusion  and  exclusion  criteria
mentioned,  200  women  with  PCOS  were  included  (noted  as  cases).  To  enlarge  the  controls,  900  women
meeting  the  inclusion  and  exclusion  criteria  but  without  PCOS  were  randomly  selected  with  loose  matching
conditions,  resulting  in  the  ratio  of  control/case  =  4.5.  Among  them,  four  participants  of  controls  provided
insufficient follicular fluid samples for analyses. Thus, 200 cases and 896 controls (1,196 in total) were used for
analyses.  The  informed  consent  was  finished  by  all  participants,  and  ethical  regulations  regarding  human
subjects  were all  complied with.  Approval  was  obtained from the Institutional  Review Board of  Yuhuangding
Hospital of Yantai for this study. 

3  Calculation of Sample Size

The sample size was calculated based on previous studies.  A case-control  study including 369 PCOS cases
and  441  controls  in  Anhui  Province  indicated  that  higher  likelihoods  of  PCOS  were  observed  in  the  high
exposure  groups  of  Pb,  As,  and  Ba  with  the  adjusted  odds  ratios  of  2.08  (third vs. first  tertile,  95% CI:
1.42–3.04),  2.83  (third vs. first  tertile,  95% CI:  1.93–4.15),  and 1.89  (third vs. first  tertile,  95% CI:  1.32–2.72),
respectively[2].  Based  on  the  above  information,  the  sample  size  for  the  cases  (N1)  and  controls  (N2)  were
calculated using PASS 2021 by assuming the conditions of  odds ratio =  2.0, α =  0.05, β =  0.20,  control  group
proportion  =  0.5, N2/N1 =  1,  resulting  in  the  sample  size  of  137  for  each  group.  Thus,  it  is  considered  that
sample  size  in  this  study  had  stronger  statistical  power  to  investigate  associations  between  metal(loid)
exposure and PCOS risk in women of childbearing age.
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Supplementary Table S2. Spearman correlations between copper levels in follicular fluid and clinical indicators

Clinical indicators r P N

AMH 0.211 < 0.001 1,091

LH 0.119 < 0.001 1,096

FSH −0.133 < 0.001 1,096

T 0.131 < 0.001 1,093

FT3 0.063 0.038 1,095

　 　 Note. AMH,  anti-Müllerian  hormone;  LH,  luteinizing  hormone;  FSH,  follicle-stimulating  hormone;  T,
testosterone; FT3, free triiodothyronine; r, correlation coefficient; P, P-value; N, sample size.

 

Supplementary Table S3. Mediation effect of AMH in the relationship between Cu exposure and PCOS risk

Covariates Parameters Estimate (95% CI) P

Age, BMI ACME (average) 0.04 (0.03, 0.06) < 0.001

ADE (average) 0.05 (0.02, 0.08) < 0.001

Prop. Mediated (average) 0.44 (0.30, 0.65) < 0.001

Age, BMI, Zn ACME (average) 0.04 (0.03, 0.06) < 0.001

ADE (average) 0.05 (0.02, 0.08) < 0.001

Prop. Mediated (average) 0.45 (0.31, 0.69) < 0.001

　　Note. AMH, anti-Müllerian hormone; Cu, copper; PCOS, polycystic ovary syndrome; BMI, body mass index;
Zn, zinc; ACME, average causal mediation effects; ADE, average direct effects; Prop. Mediated, the proportion
of the effect of Cu on PCOS risk that goes through the mediator AMH; CI, confidence interval.
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