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Abstract
Objective We aimed to analyze the clinical features, treatment, and prognosis of Wilson disease (WD) combined with 
polycystic ovary syndrome (PCOS), and to explore the correlation between endocrine abnormalities and liver damage.

Patients and methods The clinical data of 40 female patients of WD combined with PCOS (PCOS-WD) were 
retrospectively analyzed. 43 age- and BMI-matched patients of PCOS with non-WD (PCOS-NWD) were performed 
as the control group. The patients of PCOS-WD were assigned to adolescent group (n = 18) and reproductive age 
group (n = 22) according to the age onset of PCOS, and also assigned to normal testosterone group (n = 18) and 
elevated testosterone group (n = 22) according to the testosterone level. The clinical features, laboratory tests, imaging 
examinations, treatment, and outcome of all patients were analyzed, and correlation analysis was processed between 
gonadal hormone and liver damage parameters.

Results The testosterone level was significantly higher in the PCOS-NWD than in the PCOS-WD patients (Z=-2.306, 
P = 0.021). The clinical hyperandrogenism was significantly more prevalent in adolescent group within PCOS-WD 
patients (P = 0.025), while the serum alanine aminotransferase was significantly higher in reproductive age group 
(Z=-2.572, P = 0.010). The hepatic fibrosis index was significantly higher in elevated testosterone group than in 
normal testosterone group (Z = -2.190, P = 0.029), while the progesterone level was lower in elevated testosterone 
group (Z = 2.394, P = 0.017). The testosterone level was positively correlated with the hepatic fibrosis index (P = 0.039, 
R = 0.328). In followed-up observations, no significant difference was found in menstrual cycle and pregnancy 
outcomes between progesterone combined with copper chelation therapy and copper chelation therapy alone.

Conclusion PCOS is an important endocrine comorbidity of female WD patients. The extent of liver damage in WD 
patients may be related to the hormonal imbalance of PCOS. The study recommends routine screening for PCOS 
in adolescent WD patients. Testosterone levels may serve as a valuable reference for informing treatment decisions. 
Copper chelation therapy with or without progesterone is beneficial to the recovery of patients with PCOS-WD.

Strengths and limitations of this study
1. Contributing to the expanded understanding of endocrine comorbidity in WD.
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Introduction
Wilson disease (WD) is an autosomal recessive disease 
caused by mutations in the ATP7B gene that encodes a 
copper-transporting ATPase [1]. As firstly described 
in detail by Kinnier Wilson in 1912 [2], WD was a rare 
multisystemic disorder caused by copper accumulation 
[3]. Although hepatic and neuropsychiatric symptoms 
are the typical clinical characteristics, patients with WD 
may frequently experience some under-recognized endo-
crine disorders that may hinder their qualities of life [4]. 
The disturbances of endocrine system are also involved in 
clinical manifestation of WD, which can lead to recurrent 
abortions, infertility, growth disruption, and parathyroid 
failure. In particular, female patients of WD are more 
prone to endocrine system involvement due to their 
natural physiological characteristics, such as menstrua-
tion, pregnancy, and childbearing. However, the female 
patients with endocrinologic abnormalities, especially 
polycystic ovary syndrome (PCOS), are rarely described 
as a comorbidity in patients with WD.

PCOS is the most common endocrinopathy in women 
of reproductive age, which characterized by hyperan-
drogenism, oligomenorrhea, polycystic ovary mor-
phology, and insulin resistance [5, 6]. As a common 
reproductive disorder, PCOS also have significant impli-
cations for the menstruation, pregnancy outcomes and 
long-term health of the women [7, 8]. For the female 
patients of WD, infertility, anovulation, and amenorrhea 
often occurred according to previous studies [9]. Many 
of the untreated female patients with WD have primary 
amenorrhea, irregular menstruation, secondary amen-
orrhea, and the low probability of normal pregnancy 
[10, 11]. Also, recurrent abortions are more frequent in 
patients without effective treatment [12–14]. In short, 
although female patients of WD can present with vari-
ous endocrine abnormalities, the detailed clinical fea-
tures of WD combined with PCOS, especially in different 
age of onset or gonadal hormone levels, have not been 
mentioned.

Unlike regular PCOS patients, liver damage is rather 
universal in WD [15]. As for whether liver damage was 
related to the occurrence of PCOS, there was currently 
some controversy [16]. Some studies believe that the key 
features of PCOS have been implicated as factors that 
contribute to the development of nonalcoholic fatty liver 

disease [17], while others genetically predict that non-
alcoholic fatty liver disease increases the risk of PCOS 
development [18]. Currently, the relationship between 
the liver damage and PCOS in patients with WD have 
not been investigated yet. In addition, female patients 
with WD presented with multiple endocrine manifesta-
tions could be easily ignored and inappropriately treated. 
Actually, it is entirely possible to become pregnant for 
females with mild hepatic/neuropsychiatric symptoms 
and adherence to regular treatment [19]. However, the 
treatment strategy and pregnancy outcome of WD with 
PCOS are still unknown.

In the present study, we aimed to explore the clinical 
features of WD combined with PCOS at different age of 
onset and gonadal hormone levels in our single-center 
compared to PCOS-NWD patients. The association of 
endocrine-metabolic abnormalities and liver damage was 
also focused. And, the appropriate treatment strategies 
and prognosis for the disease has also been emphasized. 
These data would contribute to expand the spectrum of 
endocrine involvement in WD. This study should be use-
ful for counseling patients and for guiding the optimal 
management of rational treatment on the patients of WD 
with comorbid PCOS.

Materials and methods
Participants
The study included 40 hospitalized patients of WD with 
PCOS in the Affiliated Hospital of Institute of Neurology, 
Anhui University of Chinese Medicine. WD was diag-
nosed in accordance with the 2012 European Association 
for Study of the Liver Clinical Practice Guidelines [2]. 
PCOS was diagnosed in female patients in accordance 
with the criteria established by the European Society for 
Human Reproduction and Embryology/American Soci-
ety for Reproductive Medicine international consensus 
working group (also known as the Rotterdam criteria). 
These criteria included hyperandrogenism (biochemical 
or clinical), irregular anovulatory cycles (> 35 days or < 21 
days), and polycystic ovary morphology [5]. PCOS was 
divided into adolescence (≤ 18 years) and reproductive 
age (>18 years) based on the age of onset [20]. At least 
two of the above-mentioned three criteria must be met 
for PCOS diagnosis in the reproductive age, and three 
criteria must be met for PCOS diagnosis in adolescence. 

2. Emphasis copper chelation therapy is beneficial to the recovery of WD patients with comorbid PCOS.
3. The sample size was limited, and larger scale clinical cohort studies are needed to provide more conclusive 
evidence.
4. The large-sample multi-center observations of standard dosage courses are needed to confirm the treatment 
plan in the future.

Keywords Wilson disease, Endocrinologic abnormality, Polycystic ovary syndrome, Hyperandrogenism, Copper 
chelation therapy
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All the 40 patients of WD were diagnosed to have PCOS 
(PCOS-WD). In addition, 43 age- and BMI-matched 
PCOS patients not combined with WD (PCOS-NWD) 
were selected in the outpatient of gynecology as the con-
trol group. This study was approved by the ethics com-
mittee of Anhui University of Chinese Medicine and all 
participants signed informed consent.

Laboratory tests and imaging examinations
Written consent was obtained for each patient for data 
processing and analysis. The medical records of the 
patients were examined to collect data regarding demo-
graphic characteristics, clinical manifestations, labora-
tory findings, imaging examinations, treatment, and 
prognosis. The serum parameters were estimated in each 
group, including serum lipid levels (triglyceride and cho-
lesterol), serum glucose levels, and gonadal hormone 
concentrations (total testosterone level, prolactin level, 
progesterone level, luteinizing hormone level, follicle-
stimulating hormone, the ratio of LH/FSH, estradiol). 
Ultrasound examination of the abdomen and ovary 
was also conducted for all the patients. The following 
parameters were estimated in the patients of PCOS-WD, 
including liver function parameters (serum alanine trans-
aminase and aspartate aminotransferase levels), copper 
metabolism (serum copper and ceruloplasmin) and mag-
netic resonance imaging (MRI) of the brain. All examina-
tions were performed with patient’s consent.

Statistical analysis
Statistical analyses were performed using SPSS 23.0 sta-
tistical software (IBM Corp., Armonk, NY, USA). Data 
analysis was performed using descriptive statistics; 

Fisher’s exact test was used for categorical variables, 
while the Mann–Whitney U test was used for continu-
ous variables. Spearman’s correlation analysis was used 
to analyze the relationship between the gonadal hormone 
levels and liver metabolic parameters. A P-value of < 0.05 
was considered statistically significant.

Results
General characteristics of WD combined with PCOS
All the 40 female patients of WD were from China. The 
median age at onset of PCOS was 19.5 years (15–31 
years), including abnormal menstruation (menolipsis, 
longer menstrual cycle, and hypomenorrhea) and hyper-
androgenism (crinosity, obesity, and acne). The age at 
onset of hepatic/neuropsychiatric symptoms (median 
age:14.5 years) was younger than that of PCOS (median 
age:19.5 years), including neurologic symptoms (dysto-
nia, tremor, and dysarthria), hepatic symptoms (lower 
limb edema, bloating, and jaundice), and psychiatric 
issues (anxiety, depression, and irritability). The median 
body mass index (BMI) was 22.35 (14.5–38.3), of which 8 
patients (8/40) were overweight (BMI ≥ 24) and 8 patients 
(8/40) were obese (BMI ≥ 28). The remaining patients 
(24/40) had normal BMI (Table 1).

Group comparison between PCOS-WD and PCOS-NWD
The median age at onset of PCOS in PCOS-NWD group 
was 20 years (range: 15–30 years), and had no difference 
with PCOS-WD group. The median body mass index 
(BMI) was 22.6(17.7–33.4) in PCOS-NWD group, and 
also had no difference with PCOS-WD group (Table 1). 
Age of menarche was lower in patients of PCOS-NWD 
(Z = 2.880, P = 0.004) (Table  1). Testosterone levels were 
significantly higher in patients of PCOS-NWD (Z=-
2.306, P = 0.021) (Table  2), while the clinical hyperan-
drogenism was found no difference between the two 
groups (P = 1.000) (Table 1). FSH was significantly higher 
in patients of PCOS-NWD (Z=-2.452, P = 0.014), and LH/
FSH was significantly lower in patients of PCOS-NWD 
(Z = 2.443, P = 0.015) (Table  2). There was also no dif-
ference in prolactin, progesterone, LH, E2, glucose, TC, 
and TG between the two groups (Table  2). All patients 
in each groups exhibited oligomenorrhea or menopause, 
and the doppler ultrasound examination revealed poly-
cystic ovary morphology changes (Fig. 1).

Intra-group comparison between adolescent group and 
reproductive age group in PCOS-WD
In view of the different characteristics in PCOS between 
adolescent and reproductive age, we conducted the sub-
group analysis based on age of onset. Serum alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) levels were significantly higher in the reproductive 
age group (Z=-2.572, P = 0.010; Z=-2.326, P = 0.020), as 

Table 1 Patients’ demographic characteristics
Variable PCOS-WD 

group(N = 40)
PCOS-NWD 
group(N = 43)

Z/χ2 P

Age of PCOS 
onset

19.5(15–31) 20(15–30) -0.229 0.819

≤ 18y 18/40 19/43 - -
>18y 22/40 24/43 - -
Age of menarche 13(11–15) 12(11–14) 2.880 0.004
BMI 22.35(14.5–

38.3)
22.6(17.7–33.4) -0.346 0.729

<24 24/40 27/43 - -
≥ 24 8/40 10/43 - -
≥ 28 8/40 6/43 - -
Hyperandrogen-
ism

17/40 19/43 0.000 1.000

Irregular 
menstruation

40/40 43/43 - -

polycystic ovary 
morphology

40/40 43/43 - -

Note: PCOS = polycystic ovary syndrome, PCOS-WD = polycystic ovary 
syndrome combined with Wilson disease, PCOS-NWD = polycystic ovary 
syndrome not combined with Wilson disease, BMI = Body Mass Index
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was the serum ceruloplasmin level (Z=-2.963, P = 0.003) 

and the serum E2 (Z=-2.447, P = 0.014) (Table  3). There 
was no significant difference between the two groups in 
testosterone, prolactin, luteinizing hormone, LH, FSH, 
LH/FSH, glucose, TC, TG, copper, and hepatic fibrosis 
index (HFi) (Table 3). The incidence of clinical hyperan-
drogenism was significantly increased in the adolescent 
group (P = 0.025) (Table  4). No difference was found in 
the clinical symptoms including neurologic, hepatic, psy-
chiatric, and menstrual abnormalities between the two 
subgroups, and also in imaging manifestations including 
cirrhosis, polycystic ovary morphology, and brain MRI 
abnormalities (Table 4).

Intra-group comparison between normal testosterone 
group and elevated testosterone group in PCOS-WD
In view of the importance of biochemical hyperan-
drogenism in the diagnosis of PCOS, we conducted a 
subgroup analysis according to androgen levels. The 
HFi was significantly higher in elevated testosterone 
group than in normal testosterone group (Z = -2.190, 
P = 0.029). The progesterone level was lower in elevated 

Table 2 Laboratory data of PCOS-WD group vs. PCOS-NWD 
group
Parameter Total (n = 83)

Median (IQR)
PCOS-WD group (n = 40)
vs. PCOS-NWD group 
(n = 43)
Z P

Testosterone 0.74(1.12) -2.306 0.021
Prolactin 24.67(12.00) -0.150 0.880
Progesterone 0.48(0.69) -0.273 0.785
LH 11.6(8.84) -1.221 0.222
FSH 6.47(2.71) -2.452 0.014
LH/FSH 1.9(1.71) 2.443 0.015
E2 68.46(49.98) -1.682 0.093
Glucose 4.96(0.76) -1.773 0.076
TC 4.25(1.23) -0.036 0.971
TG 0.98(0.51) -1.705 0.088
Note: PCOS = polycystic ovary syndrome, PCOS-WD = polycystic ovary 
syndrome combined with Wilson disease, PCOS-NWD = polycystic ovary 
syndrome not combined with Wilson disease, IQR = Inter-Quartile Range, 
LH = luteinizing hormone, FSH = follicle-stimulating hormone, E2 = estradiol, 
TC = total cholesterol, TG = triglyceride

Fig. 1 Ultrasound examination of the ovary. A-1: Ovary ultrasound showed multiple anechoic area in bilateral ovaries, well-defined, maximum is about 
8*7 mm (case 1). A-2: Ovary ultrasound showed multiple anechoic area, well-defined in bilateral ovaries, maximum 8*6 mm (case 3). A-3: Ovary ultra-
sound showed increased multiple anechoic areas in ovaries (case 6). A-4: Ovary ultrasound showed multiple anechoic area in bilateral ovaries, well-
defined, maximum of the right side about 8*7 mm, the left side about 9*6 mm (case 8)
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testosterone group (Z = 2.394, P = 0.017). The cholesterol 
level was significantly lower in the elevated testosterone 
group (Z = 2.828, P = 0.005) (Table 3). No significantly dif-
ference was found in clinical symptoms including neu-
rologic, hepatic, psychiatric, menstrual abnormalities, 
and hyperandrogenism between the two subgroups, and 
also in imaging manifestations including cirrhosis, poly-
cystic ovary morphology, and brain MRI abnormalities 
(Table 4).

Correlation analysis on liver damage and gonadal 
hormone levels in WD combined with PCOS
To explore the association on abnormal hormone levels 
and liver metabolism in WD, we analyzed the correlation 
between serum gonadal hormone levels (testosterone, 

prolactin, progesterone, LH, FSH, E2) and liver metabolic 
parameters (ALT, AST, copper metabolism, and hepatic 
fibrosis index). In the correlation analysis, HFi was posi-
tively correlated with serum testosterone level (P = 0.039, 
R = 0.328), and negatively correlated with progester-
one (P < 0.05, R = -0.3) and LH (P < 0.05, R = -0.4). The 
AST level was negatively correlated with progesterone 
(P < 0.05, R = -0.4) and LH (P < 0.05, R = -0.3). The serum 
copper was positively correlated with prolactin (P < 0.05, 
R = 0.3) (Fig. 2).

Therapy and outcome of WD combined with PCOS
In the treatment of WD, D-Penicillamine was taken 
regularly in 57.5% of the patients and intermittently in 
35% of the patients. Due to irregularity in taking copper 

Table 3 Laboratory data of 40 WD patients comorbid with PCOS
Parameter Total (n = 40)

Median (IQR)
Adolescent group (n = 18) vs. Reproduc-
tive age group
(n = 22)

Normal testosterone group (n = 18) vs. Elevated testoster-
one group (n = 22)

Z P Z P
Testosterone 0.59(0.77) -0.163 0.870 - -
Prolactin 24.6(13.31) -0.517 0.605 -1.414 0.157
Progesterone 0.455(0.71) -0.054 0.957 2.394 0.017
LH 12.715(10.69) -1.196 0.232 -0.136 0.892
FSH 5.825(2.18) -0.408 0.683 -1.414 0.157
LH/FSH 2.325(1.40) -1.224 0.221 -1.441 0.150
E2 62.045(40.34) -2.447 0.014 -0.054 0.957
Glucose 4.715(0.76) -0.408 0.683 -0.068 0.946
TC 4.305(1.41) -1.944 0.052 2.828 0.005
TG 0.865(0.47) -0.326 0.744 -1.115 0.265
CP 48.55(34.7) -2.963 0.003 -0.693 0.488
Copper 2.03(2.06) -0.870 0.384 -0.082 0.935
ALT 27.00(24.00) -2.572 0.010 -0.422 0.673
AST 27.00(23.00) -2.326 0.020 -0.082 0.935
HFi 1.445(0.27) -1.496 0.135 -2.190 0.029
Age of menarche 13.00(2.00) -1.789 0.074 -0.873 0.383
BMI 22.35(8.1) -0.517 0.605 -0.299 0.765
Note: PCOS = polycystic ovary syndrome, WD = Wilson disease, IQR = Inter-Quartile Range, ALT = alanine aminotransferase, AST = aspartate transaminase, TC = total 
cholesterol, TG = triglyceride, LH = luteinizing hormone, FSH = follicle-stimulating hormone, E2 = estradiol, CP = ceruloplasmin, HFi = hepatic fibrosis index, BMI = Body 
Mass Index

Table 4 The main clinical and imaging features of the 40 WD patients comorbid with PCOS
Clinical feature Total (n = 40) Adolescent 

group (n = 18)
Reproductive 
age group
(n = 22)

p Normal level 
group(n = 18)

Elevated level 
group(n = 22)

p

Neurologic 32(80%) 14(77.8%) 18(81.8%) 1.000 14(77.8%) 18(81.8%) 1.000
Hepatic 40(100%) 18(100%) 22(100%) - 18(100%) 22(100%) -
Psychiatric 8(20%) 5(27.8%) 3(13.6%) 0.430 3(16.7%) 5(22.7%) 0.709
Irregular menstruation 40(100%) 18(100%) 22(100%) - 18(100%) 22(100%) -
Hyperandrogenism 20(50%) 13(72.2%) 7(31.8%) 0.025 9(50%) 11(50%) 1.000
Polycystic ovarian morphology 40(100%) 18(100%) 22(100%) - 11(100%) 15(100%) -
Liver cirrhosis 36(90%) 15(83.3%) 21(95.5%) 0.310 15(83.3%) 21(95.5%) 0.310
Brain MRI abnormality 31(77.5%) 13(72.2%) 18(81.8%) 0.705 13(72.2%) 18(81.8%) 0.705
Note: PCOS = polycystic ovary syndrome, WD = Wilson disease, MRI = magnetic resonance imaging. Data are expressed as n (%) or median (range) values. An 
ultrasound examination of the abdomen and ovary confirmed cirrhosis and polycystic ovary morphology, respectively
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chelating drugs, five patients showed aggravation of cir-
rhosis, while three patients showed aggravation of torsion 
spasm. The remaining patients exhibited good recovery 
of their hepatic symptoms (23/40) and the neurologic 
restored (18/40) respectively (Table  5). In comparison 
of treatment and outcomes in subgroup, no statistically 
difference was found in subgroup based on different 
ages of onset or different testosterone levels (Table  5). 
While in the treatment of PCOS, only thirteen patients 
(32.5%) took progesterone in the course. In followed-up 

observations ranged from 3 to 57 months, no significant 
difference was found in menstrual cycle and pregnancy 
outcomes between progesterone combined with copper 
chelation therapy and copper chelation therapy alone 
(Table 6).

Discussion
Based on the present study, we systematically evalu-
ated the clinical features, treatment, and outcome on 40 
patients of WD combined with PCOS. Clinical features 

Fig. 2 Heatmap of Spearman’s correlation between liver function and hormonal parameters. Warm colors indicate a positive correlation, in which the 
expression levels of liver function and hormonal tend to increase or decrease simultaneously. Cool colors represent a negative correlation, meaning that 
when the expression level of liver function increases, the level of hormonal decreases. The varying intensities of color reflect different degrees of correla-
tion, with lighter shades representing weaker correlations and deeper shades indicating stronger correlations. The correlation coefficients range from 
− 1 to 1, with red near 1 indicating a very strong positive correlation and blue near − 1 indicating a very strong negative correlation. The numbers in the 
circle represent the correlation coefficient between liver function and hormonal. The asterisk indicates the P-value is less than 0.05, showing the statisti-
cal significance of the correlation. ALT = alanine aminotransferase, AST = aspartate aminotransferase, Copper = serum copper level, HFi = hepatic fibrosis index, 
LH = luteinizing hormone, FSH = follicle-stimulating hormone, E2 = estradiol
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of these patients included hepatic/neuropsychiatric 
symptoms, abnormal menstruation, and hyperandrogen-
ism. Testosterone level was significantly higher in the 
PCOS patients with non-WD than in the patients with 
WD. The incidence of clinical hyperandrogenism is sig-
nificantly more prevalent in the adolescent subgroup of 
PCOS-WD. The hepatic fibrosis index showed positively 
correlation with the testosterone level. In followed-up 
observations, no significant difference was found in men-
strual cycle and pregnancy outcomes between copper 
chelation therapy with progesterone and without proges-
terone. Our findings highlighted the distinct clinical, hor-
monal, and biochemical characteristics of WD patients 
with PCOS, and would contribute to the expanded 
understanding of endocrine comorbidity in WD. Addi-
tionally, we provided preliminary evidence suggesting a 
correlation between liver damage in WD and hormone 
levels associated with PCOS. This study lays the ground-
work for further investigation into the causal relationship 
between these two conditions, and offers a clinical foun-
dation for the long-term management on the patients of 
WD with comorbid PCOS.

Although WD mainly presented with hepatic or neu-
ropsychiatric features [21, 22], various abnormalities 

of endocrine system, such as amenorrhea, infertility or 
repeated miscarriages, have been observed in patients 
with WD [23]. In our present study, irregular menstrua-
tion occurred in all the patients and clinical hyperan-
drogenism occurred in majority of the patients. Imaging 
tests showed no pituitary hyperplasia and intracranial 
space occupation, which excluded lactation, pregnancy, 
and pituitary tumor as the causes of amenorrhea. Previ-
ous studies have confirmed that high copper has adverse 
effects on the female endocrine system, especially ovarian 
function [24, 25]. Therefore, we speculate that the symp-
toms of endocrine abnormalities may associated with the 
toxicity of copper and liver damage in WD patients.

In our present study, 90% of the patients showed liver 
cirrhosis in ultrasound examination. As reported in the 
previous studies, increased testosterone concentration 
secondary to liver dysfunction leads to impaired ovarian 
function [26]. We found the clinical hyperandrogenism 
was also prevalent in PCOS-WD patients especially in 
adolescent subgroup, suggested that impaired liver func-
tion in early WD would affect the synthesis level of hor-
mones. Besides, hypogonadism caused by chronic liver 
disease is one of the most common causes of gonadal 
dysfunction in patients with WD [27]. Our research 
identified correlations between various liver function 
indices and hormonal levels. Notably, testosterone lev-
els exhibited a positive correlation with the HFi. Liver 
function indices serve as indicators of the extent of liver 
damage associated with copper deposition. Addition-
ally, hormonal levels are sensitive markers in the pro-
gression of PCOS. For example, previous reports have 
shown that an interference of ovarian follicular aroma-
tase activity, possibly due to copper intoxication, might 
be the cause of ovulatory disturbances in patients with 
WD [28]. Therefore, the degree of liver damage due to 

Table 5 Therapy and outcome of 40 patients WD comorbid with PCOS
Therapy and Outcome Total (n = 40) Adolescent 

group (n = 18)
Reproductive 
age group
(n = 22)

p Normal level 
group(n = 18)

Elevated level 
group(n = 22)

p

WD therapy
-D-penicillamine 23(57.5%) 10(55.6%) 13(59.1%) 1.000 10(55.6%) 13(59.1%) 1.000
-zinc 35(87.5%) 17(94.4%) 18(81.8%) 0.355 15(83.3%) 20(90.9%) 0.642
-Intermittent medication 14(35%) 6(33.3%) 8(36.3%) 1.000 6(33.3%) 8(36.3%) 1.000
PCOS therapy
-progesterone 13(32.5%) 4(22.2%) 9(40.9%) 0.312 5(27.8%) 8(36.4%) 0.737
Outcome (WD)
-Hepatic restored 23(57.5%) 11(61.1%) 12(54.5%) 0.755 9(50%) 14(63.6%) 0.523
-Neurologic restored 18(45%) 8(44.4%) 10(45.4%) 1.000 9(50%) 9(40.9%) 0.750
Outcome (PCOS)
-Menstruation restored 26(65%) 13(72.2%) 13(59.1%) 0.510 11(61.1%) 15(68.2%) 0.744
-Pregnancy 5(12.5%) 2(11.1%) 3(13.6%) 1.000 3(16.7%) 2(9.1%) 0.642
-Spontaneous abortion 3(7.5%) 2(11.1%) 1(4.5%) 0.579 2(11.1%) 1(4.5%) 0.579
-Procreation 3(7.5%) 1(5.6%) 2(9.1%) 1.000 2(11.1%) 1(4.5%) 0.579
Note: PCOS = polycystic ovary syndrome, WD = Wilson disease

Table 6 Outcome of 40 patients WD comorbid with PCOS 
(Progesterone vs. Non-progesterone)
Outcome (PCOS) Total

(n = 40)
Proges-
terone
(n = 13)

Non-pro-
gesterone
(n = 27)

P

Menstruation restored 26(65%) 8(61.5%) 18(66.7%) 1.000
Pregnancy 5(12.5%) 1(7.7%) 4(14.8%) 1.000
Spontaneous abortion 3(7.5%) 0 3(11.1%) 0.538
Procreation 3(7.5%) 1(7.7%) 2(7.4%) 1.000
Note: PCOS = polycystic ovary syndrome, WD = Wilson disease
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excessive deposition of copper in female WD patients 
may be associated with the hormone level involving the 
PCOS. Currently, we have only made initial observations 
regarding the link between liver damage and PCOS, but 
the causal relationship remains unclear. Future research 
may explore the management of liver damage during the 
early treatment phases of female WD patients to assess 
whether this strategy can prevent or alleviate the symp-
toms associated with PCOS. Such investigations could 
pave the way for more comprehensive analyses aimed at 
improving long-term treatment and prevention strategies 
for the female WD demographic.

The interplay between systemic inflammation and 
metabolic dysfunction in PCOS has been well-docu-
mented. For instance, elevated serum calprotectin lev-
els have been proposed as markers of inflammation and 
insulin resistance, highlighting their role in exacerbating 
hyperandrogenism [29]. Similarly, telomerase activity, 
an emerging biomarker of cellular stress and aging, has 
been shown to correlate with metabolic disturbances in 
PCOS patients, especially those without obesity [30]. 
In the context of Wilson disease, where copper toxic-
ity induces both systemic inflammation and liver dys-
function, it is plausible that these pathways are further 
amplified, contributing to the unique endocrine profile 
observed in PCOS-WD patients. Future research could 
focus on these biomarkers to elucidate the shared meta-
bolic and inflammatory mechanisms underlying these 
comorbidities.

As reported, after WD was diagnosed and zinc sulfate 
treatment was administered, the patient’s clinical status 
improved considerably [31]. In followed-up observa-
tions, copper chelation therapy with or without proges-
terone has achieved good prognosis in menstrual cycle 
and pregnancy outcomes. No significant differences in 
menstrual cycle and pregnancy outcomes were observed 
between the treatment groups. This lack of variation 
may be attributed to the limited sample size, which may 
not adequately capture the differences between the two 
groups. Additionally, this finding highlights the unique 
characteristics of the WD cohort, as hepatic cirrhosis can 
be reversed through copper chelating therapy [32], and 
liver function is closely linked to various hormone levels 
involved in the abnormal menstrual cycle. Therefore, reg-
ular treatment with a copper chelating agent is crucial in 
WD patients with comorbid PCOS. Future research will 
involve increasing the sample size and conducting fol-
low-up assessments to draw more definitive conclusions.

Several limitations are also included in the study. The 
sample size was constrained because WD is a rare con-
dition, and its occurrence in conjunction with PCOS is 
even less common. And in clinical settings, the endocrine 
manifestations of WD are frequently overlooked, influ-
enced by cultural or demographic factors specific to the 

Chinese cohort. Future research will focus more on endo-
crine symptoms in female patients with WD. Larger clini-
cal cohort studies are necessary to yield more definitive 
evidence. Additionally, multi-center prospective stud-
ies of standard dosage regimens are required to validate 
the standardized treatment protocols moving forward. It 
is recommended to explore whether specific treatments 
(e.g. zinc, progesterone) have differential effects based on 
liver fibrosis severity or hormonal profiles as the future 
directions.

Conclusion
In conclusion, PCOS is also an important endocrine 
comorbidity of female WD patients. The study recom-
mends routine screening for PCOS in adolescent WD 
patients. Testosterone levels may serve as a valuable ref-
erence for informing treatment decisions. Copper chela-
tion therapy with or without progesterone is beneficial to 
the recovery of patients with PCOS-WD.
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