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 Abstract
Introduction
Liver fibrosis is a reversible wound-healing response to acute or chronic liver injury. Liver cirrhosis is
the advanced stage of liver fibrosis. This study explored the causal link between sex hormones
[estradiol, bioavailable testosterone, total testosterone, and sex hormone-binding globulin (SHBG)],
adiponectin and liver fibrosis, cirrhosis and primary biliary cirrhosis (PBC).

Material and methods
A two-sample mendelian randomization (MR) study utilizing publicly available data was performed.
Causal estimates were calculated by inverse variance weighted (IVW) method, and additional
approaches such as MR-Egger, weighted median, simple mode, and weighted mode were utilized to
complement the IVW approach. Sensitivity analysis was performed employing leave-one-out analysis.

Results
The IVW analysis revealed a relationship between genetically predicted total testosterone levels and
the likelihood of fibrosis and cirrhosis [odds ratio (OR)=1.537, 95% confidence intervals (CI):
1.082-2.182] in females. There was a significant association between genetically predicted estradiol
levels and an increased risk of liver fibrosis and cirrhosis (OR=2.287, 95%CI: 1.403-3.727) and PBC
(OR=3.075, 95%CI: 1.306-7.240) in males. Our findings indicated that genetically-predicted
adiponectin had causal connection to fibrosis and cirrhosis (OR=1.608, 95%CI: 1.063-2.430) and PBC
(OR=2.631, 95%CI: 1.211-5.715). MR-Egger, weighted median, simple mode and weighted mode
consistently yielded similar outcomes. Cochrane’s Q test showed no heterogeneity in these
instrumental variables, and there was no significant directional pleiotropy.

Conclusions
There were positive causal associations of total testosterone with fibrosis and cirrhosis among
females, estradiol levels with liver fibrosis and cirrhosis and PBC in males. Higher adiponectin could
increase the risk of fibrosis and cirrhosis and PBC.
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Highlights: 

1. Mendelian randomization study was used to assess the causality of sex hormones, 

adiponectin and liver fibrosis and cirrhosis. 

2. We obtained some single nucleotide polymorphisms from GWAS database. 

3. Sex hormones and adiponectin were causally related to liver fibrosis and cirrhosis. 

Abstract  

Objective: Liver fibrosis is a reversible wound-healing response to acute or chronic 

liver injury. Liver cirrhosis is the advanced stage of liver fibrosis. This study explored 

the causal link between sex hormones [estradiol, bioavailable testosterone, total 

testosterone, and sex hormone-binding globulin (SHBG)], adiponectin and liver 

fibrosis, cirrhosis and primary biliary cirrhosis (PBC). 

Methods: A two-sample mendelian randomization (MR) study utilizing publicly 

available data was performed. Causal estimates were calculated by inverse variance 

weighted (IVW) method, and additional approaches such as MR-Egger, weighted 

median, simple mode, and weighted mode were utilized to complement the IVW 

approach. Sensitivity analysis was performed employing leave-one-out analysis. 

Results: The IVW analysis revealed a relationship between genetically predicted total 

testosterone levels and the likelihood of fibrosis and cirrhosis [odds ratio (OR)=1.537, 

95% confidence intervals (CI): 1.082-2.182] in females. There was a significant 

association between genetically predicted estradiol levels and an increased risk of liver 

fibrosis and cirrhosis (OR=2.287, 95%CI: 1.403-3.727) and PBC (OR=3.075, 95%CI: 

1.306-7.240) in males. Our findings indicated that genetically-predicted adiponectin 

had causal connection to fibrosis and cirrhosis (OR=1.608, 95%CI: 1.063-2.430) and 

PBC (OR=2.631, 95%CI: 1.211-5.715). MR-Egger, weighted median, simple mode and 
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weighted mode consistently yielded similar outcomes. Cochrane’s Q test showed no 

heterogeneity in these instrumental variables, and there was no significant directional 

pleiotropy.  

Conclusion: There were positive causal associations of total testosterone with fibrosis 

and cirrhosis among females, estradiol levels with liver fibrosis and cirrhosis and PBC 

in males. Higher adiponectin could increase the risk of fibrosis and cirrhosis and PBC. 

 

Keywords: Mendelian randomization; Causal relationship; Sex hormones; 

Adiponectin; Liver fibrosis and cirrhosis.
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Introduction 

Liver fibrosis is a reversible wound-healing response to acute or chronic liver 

injury, leading to excess deposition of extracellular matrix (ECM) components [1]. The 

advancement of liver fibrosis significantly impacts hepatic function and serves as a 

significant risk factor for the onset of hepatocellular carcinoma [2]. Liver cirrhosis is 

the advanced stage of liver fibrosis, and it is reported that the prevalence of cirrhosis 

was 0.87% [3]. Liver cirrhosis is presently one of the leading causes of mortality 

globally, with approximately one million individuals succumbing to the disease 

annually [4]. In light of the high incidence and mortality rates of liver fibrosis and 

cirrhosis, the identification of relevant biomarkers has the potential to enhance 

comprehension of disease development and offer therapeutic approaches for patients 

and healthcare professionals [5]. 

As diseases significantly related to metabolism, liver fibrosis and cirrhosis may be 

influenced by a variety of metabolism-related circulating hormones [6]. A review 

indicated that sex hormones play a crucial role in modulating both hepatic biochemistry 

and the immune system [7]. Low total testosterone (<8.3nmol/L) was significantly 

associated with the development of major infection in male patients with cirrhosis [8]. 

However, high sex hormone-binding globulin (SHBG) and low bioactive testosterone 

[9], and high total testosterone [10] have also been observed to be associated with the 

progression of liver fibrosis in the male population. Furthermore, the liver functions as 

a critical target tissue for estrogen signaling, and it is widely recognized that estrogen 

exerts significant protective effects on hepatocytes [11]. Multiple animal studies 
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indicated that estrogen was crucial in improving liver fibrosis and cirrhosis, but further 

clinical research evidence is still lacking. In addition to sex hormones, adipocytokines 

secreted by adipocytes were deemed to significantly affect liver function [12]. 

Adipocytokines was regarded as a potential biomarker for cirrhosis due to their ability 

to effectively reflect the complex interplay between adipose tissue dysfunction, 

inflammation, and metabolic disturbances [13]. Previous epidemiological study 

reported that high adiponectin levels, one of the most important adipocytokines, was 

associated with poorer liver function and worse prognosis [14], and adiponectin was 

also found to be developed as a promising therapeutic candidate for the treatment of 

liver fibrosis [15]. A systematic review and meta‐analysis revealed that adiponectin 

levels were elevated in patients with liver cirrhosis, particularly in advanced stages, 

suggesting its potential utility as a biomarker for advanced cirrhosis [16]. 

Previous observational studies may have been influenced by unavoidable 

confounding factors and limited sample size, making it difficult to establish causation 

[17]. Therefore, the causal association between sex hormones, adiponectin and the risk 

of liver fibrosis and cirrhosis remains uncertain and requires additional investigation. 

Mendelian randomization (MR) is a widely used epidemiological method in various 

clinical research, utilizing single nucleotide polymorphisms (SNP) as instrumental 

variables (IVs) to establish the causal relationship between exposure and outcome [17]. 

For the present study, we aimed to investigate the potential causal relationship of sex 

hormones, adiponectin on the risk of fibrosis, cirrhosis and primary biliary cirrhosis 

(subtype of cirrhosis: PBC) by gender, which aims to provide relevant research basis 
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for clarifying the mechanism of liver fibrosis and cirrhosis and finding new therapeutic 

targets [11, 18]. 

 

Materials and Methods 

Data design 

We conducted a two-sample MR study using publicly available data from large-

scale genome-wide association studies (GWAS) to investigate the potential causal link 

between sex hormones (including estradiol, bioavailable testosterone, total testosterone, 

and SHBG), adiponectin and the risk of fibrosis and cirrhosis. The overview of the 

study design is depicted in Fig. (1). MR study needs to meet following three 

assumptions: (1) the chosen IVs should exhibit a significant association with exposure; 

(2) the chosen IVs should not be associated with confounding factors between exposure 

and outcome; (3) the impact of the chosen IVs on the outcome should solely occur 

through direct influence on exposure, rather than via alternative pathways [19]. 

GWAS data for liver fibrosis and cirrhosis and PBC 

As shown in Supplementary Table (1), the GWAS summary data regarding liver 

fibrosis and cirrhosis were acquired from the FinnGen database in 214,403 European 

individuals (811 liver fibrosis and cirrhosis cases) 

https://gwas.mrcieu.ac.uk/datasets/finn-b-K11_FIBROCHIRLIV/. Similarly, the 

summary-level data for PBC was available from GWAS of 176861 individuals (271 

PBC cases) https://gwas.mrcieu.ac.uk/datasets/finn-b-CHIRBIL_PRIM/. All 

individuals included in the study were of European ancestry. 

Prep
rin

t



GWAS data for sex hormones and adiponectin  

As shown in Supplementary Table 1, we obtained summary statistics of estradiol 

levels (n=17134), bioavailable testosterone levels (n=184205), total testosterone levels 

(n=199569), and SHBG levels (n=185221) in males from GWAS utilizing genotype 

and phenotype data obtained from the UK Biobank. Summary statistics of estradiol 

levels (n=53391), bioavailable testosterone levels (n=180386), total testosterone levels 

(n=199569), and SHBG levels (n=214989) in females were obtained from GWAS based 

on individuals of European ancestry. Additionally, the genetic data of adiponectin was 

derived from one meta-analysis with 39,883 participants. Our study was a secondary 

analysis of publicly available data, so the Ethics Committee of Shanghai Fourth 

People’s Hospital, School of Medicine, Tongji University waived the requirement for 

ethical approval of this study. 

Selection of instrumental variables 

Firstly, we detected SNPs exhibiting a significant association with the exposure 

variable (P<5×10-8). In cases where no appropriate SNPs were identified, we adjusted 

the threshold for P value to 5×10-6 [20]. Then, SNPs exhibiting linkage disequilibrium 

(LD) (clump: r2=0.001，kb=10000) and palindromic intermediate allele frequencies 

were excluded [21]. Lastly, the strength of instrumental variables was evaluated using 

F-statistics. SNPs with F-statistics <10 was considered as weak instruments and thus 

removed [22]. 

Statistical analysis 
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In this MR study, we utilized various statistical approaches to evaluate the 

potential causal link between sex hormones, adiponectin with the risk of fibrosis and 

cirrhosis. These methods included inverse variance weighted (IVW), MR-Egger, 

weighted median, simple mode and weighted mode [17]. IVW was utilized as the main 

statistical approach in our MR analysis, out of all the methods employed. We employed 

the MR-Egger regression and MR-Pleiotropy Residual Sum and Outlier (MR-PRESSO) 

global test methods to evaluate the potential presence of horizontal pleiotropy in IVs, 

considering a significance level below P<0.05 as indicative of its presence [23]. Causal 

estimates were given as odds ratio (OR) along with 95% confidence intervals (CI). To 

assess heterogeneity, we utilized Cochran's Q test, considering a significance level of 

P<0.05 indicative of the existence of heterogeneity. Sensitivity analysis was conducted 

using the leave-one-out method. A significance level of P<0.05 was considered 

statistically significant [24, 25]. All analyses were performed using the R software with 

the package “TwoSampleMR” (version 0.6.5), MRInstruments (version 0.3.2), and 

MRPRESSO (version 1.0) [26]. 

 

Results 

Selection of instrumental variables 

Following the application of the aforementioned inclusion and exclusion criteria, 

we have identified eligible SNPs for this MR analysis. As presented in Table 1, when 

the outcome was liver fibrosis and cirrhosis, we extracted 11 SNPs associated with 

estradiol, 148 SNPs with total testosterone, 72 SNPs with bioavailable testosterone, 
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and 186 SNPs with SHBG in males; 16 SNPs with estradiol, 101 SNPs with total 

testosterone, 118 SNPs with bioavailable testosterone, and 179 SNPs with SHBG in 

females; and 14 SNPs with adiponectin across all populations. Similarly, when the 

outcome was PBC, the corresponding SNPs were presented in Table 1. In addition, the 

F-statistic values for these identified SNPs exceed the threshold of 10, indicating the 

absence of weak IVs bias. 

Causal effects of sex hormones and adiponectin on fibrosis and cirrhosis and PBC 

The causal effect estimates of sex hormones and adiponectin on the risk of fibrosis 

and cirrhosis and PBC were displayed in Table (2). The IVW analysis revealed a 

significant relationship between genetically predicted total testosterone levels and the 

risk of fibrosis and cirrhosis (OR=1.537, 95%CI: 1.082-2.182, P=0.016) in females. 

Similar risk estimates were obtained using MR-Egger, weighted median, simple mode 

and weighted mode, despite the associations did not reach statistical significance 

[Supplementary Table (2)]. Based on the results of the MR analysis, there was a 

significant association between genetically predicted estradiol levels and an increased 

risk of liver fibrosis and cirrhosis (OR=2.287, 95%CI: 1.403-3.727, P=0.001) and PBC 

(OR=3.075, 95%CI: 1.306-7.240, P=0.010) in males [Table (2)]. Other methods 

exhibited consistent trends [Supplementary Table (2)]. In addition, we also found that 

a genetically-predicted adiponectin had a causal connection to an increased risk of 

fibrosis and cirrhosis (OR=1.608, 95%CI: 1.063-2.430, P=0.024) and PBC (OR=2.631, 

95%CI: 1.211-5.715, P=0.015) [Table (2)]. MR-Egger, weighted median, simple mode 

and weighted mode consistently yielded similar results [Supplementary Table (2)]. The 
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IVs did not exhibit heterogeneity according to Cochrane's Q test [Table (1)], and there 

was no significant directional pleiotropy as indicated by the MR-Egger regression 

intercept and MR-PRESSO global test [Table (1)].  

Fig. (2) presents scatter plots of the MR analysis regarding the potential causal 

association between sex hormones and adiponectin on the risk of fibrosis and cirrhosis 

and PBC, respectively. Supplementary Fig. (1-3) demonstrates that none of the IVW 

estimates were significantly influenced by individual outlier SNPs based on leave-one-

out plots. 

 

Discussion 

This is a MR study using genetic variation to investigate the causality between sex 

hormones, adiponectin and the risk of fibrosis and cirrhosis, and PBC. The findings 

showed a positive causality between total testosterone levels and fibrosis and cirrhosis 

in females, estradiol levels and liver fibrosis and cirrhosis and PBC in males, as well as 

adiponectin and fibrosis and cirrhosis and PBC. The consistent findings obtained from 

various MR methods ensured the reliability of the research outcomes. Our study may 

provide a comprehension of the role played by sex hormones and adiponectin in the 

susceptibility to liver fibrosis and cirrhosis, carrying significant clinical implications 

for both clinicians and researchers in this field [27, 28]. 

Testosterone, an endogenous hormone, is primarily synthesized by the testis in 

males and acts as a precursor to estrogen production in females [29]. A recent MR 

analysis found that genetically predicted bioavailable testosterone and SHBG in female 
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were linked to PBC [30]. However, our study did not reveal any significant causal 

associations of female bioavailable testosterone or SHBG with the risk of PBC. The 

discrepancy may be attributed to the diverse origins of GWAS summary data for PBC. 

Further exploration was still warranted about the causality between sex hormones and 

the risk of PBC in females. Previous evidence also pointed out that there was a 

significant difference in testosterone levels between men and women [31]. In our MR 

study, we noted that genetically predicted total testosterone levels were linked with 

increased risk of liver fibrosis and cirrhosis in females; however, no significant 

association was found of male total testosterone levels with liver fibrosis and cirrhosis. 

A meta-analysis including 10 observational studies found that testosterone may serve 

as potential risk factor for pulmonary fibrosis [32]. Wang et al., reported significant 

differences in total testosterone between women with and without non-alcoholic fatty 

liver disease (NAFLD), establishing a significant association between total testosterone 

levels and the extent of hepatic steatosis [33]. The activation of the NOD-like receptor 

protein 3 (NLRP3) inflammasome in the liver was found to be increased by testosterone 

in a mouse model study, thereby inducing an inflammatory response and influencing 

liver injury [34]. Estradiol is a form of estrogen that exhibits pro-fibrotic effects [35]. 

This MR analysis indicated that genetically predicted estradiol in male was positively 

linked with increased risk of liver fibrosis and cirrhosis and PBC. Regarding potential 

mechanisms, Vaishnav et al., mentions that estradiol level was high in patients with 

liver cirrhosis [36], which may be involved in alterations in the functioning of the 

hypothalamic-pituitary-gonadal (HPG) axis for patients with chronic liver diseases.  
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In the current study, we found that genetically predicted adiponectin had causal 

relationship to the risk of liver fibrosis and cirrhosis and PBC. Previous studies have 

reported that adiponectin possesses insulin-sensitizing, anti-atherogenic, and anti-

inflammatory properties [37, 38]. However, the phenomenon known as the "adiponectin 

paradox" has also highlighted that adiponectin exhibits pro-inflammatory effects, which 

have been found to be lined with an elevated risk of heart failure, atrial fibrillation, 

aortic valve stenosis, and myocardial infarction [39]. A comparative analysis conducted 

on patients with liver cirrhosis and a control group revealed that the levels of 

adiponectin were notably elevated in the former, showing a positive correlation with 

the progression of liver cirrhosis severity [40]. The study conducted by Vachliotis et al. 

implicated adiponectin in the pathogenesis of NAFLD and its potential involvement in 

the progression to advanced stages, including NAFLD-associated hepatocellular 

carcinoma [41]. Our MR analysis aligns with these findings.  

This study explores the potential causal association between sex hormones, 

adiponectin and the risk of fibrosis and cirrhosis, and PBC using the two-sample MR 

method, which avoids the disturbance of confounding factors and minimizes reverse 

causality to a large extent. The use of different MR Statistical methods, such as IVW, 

MR-Egger, weighted median, simple mode and weighted mode, makes our results more 

objective and accurate. However, several limitations need consideration when 

interpreting our results. Firstly, the genetic data used in this MR analysis was derived 

from individuals with European ancestry, and additional investigations are needed to 

determine the applicability of our findings in various populations and geographic areas. 
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Additionally, we used relatively lenient SNP screening threshold P < 5×10-6 to select 

the SNPs when estradiol levels were considered as the exposure, potentially increasing 

the risk of violating the first assumption of the MR design. However, it should be noted 

that the F-statistic of each SNP was higher than 10, indicating that weak IVs were not 

included in the estimation process. Future studies are warranted to better understand 

the causal relationship between sex hormones, adiponectin and the risk of fibrosis and 

cirrhosis and explore the underlying mechanisms. 

 

Conclusion 

Our study concludes that total testosterone levels show a positive causal 

association with fibrosis and cirrhosis among females. Moreover, the positive causal 

relationships of estradiol levels with liver fibrosis and cirrhosis, PBC in males were 

also observed. Genetically determined adiponectin was positively related to increased 

risk of fibrosis and cirrhosis and PBC. These findings offer new perspectives and 

guidelines on the management and prevention strategies for patients with liver fibrosis 

and cirrhosis. 
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Figure 1. Study design overview. Firstly, the chosen instrumental variables (IVs) 

should exhibit a significant association with exposure; Then, the chosen IVs should not 

be associated with confounding factors between exposure and outcome; Lastly, the 

impact of the chosen IVs on the outcome should solely occur through direct influence 

on exposure, rather than via alternative pathways. 

Figure 2. Forest plots of the causal relationship between (A) adiponectin and PBC; (B) 

adiponectin and liver fibrosis and cirrhosis; (C) total testosterone and PBC in females; 

(D) total testosterone and liver fibrosis and cirrhosis in females; (E) total testosterone 

and PBC in males; (F) total testosterone and liver fibrosis and cirrhosis in males; (G) 

bioavailable testosterone and PBC in males; (H) bioavailable testosterone and liver 

fibrosis and cirrhosis in males; (I) bioavailable testosterone and PBC in females; (J) 

bioavailable testosterone and liver fibrosis and cirrhosis in females; (K) sex hormone-

binding globulin and PBC in females; (L) sex hormone-binding globulin and liver 

fibrosis and cirrhosis in females; (M) sex hormone-binding globulin and PBC in males; 

(N) sex hormone-binding globulin and liver fibrosis and cirrhosis in males; (O) 

estradiol and PBC in females; (P) estradiol and liver fibrosis and cirrhosis in females; 

(Q) estradiol and PBC in males; (R) estradiol and liver fibrosis and cirrhosis in males. 

Note: PBC, primary biliary cirrhosis. 

 

Supplementary Figure 1. Leave one out of sensitivity tests about the causal 

relationship between: (a) adiponectin and PBC; (b) adiponectin and liver fibrosis and 

cirrhosis; (c) estradiol and PBC in females; (d) estradiol and liver fibrosis and cirrhosis 
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in females; (e) estradiol and PBC in males; (f) estradiol and liver fibrosis and cirrhosis 

in males;  

Supplementary Figure 2. Leave one out of sensitivity tests about the causal 

relationship between: (a) total testosterone and PBC in females; (b) total testosterone 

and liver fibrosis and cirrhosis in females; (c) total testosterone and PBC in males; (d) 

total testosterone and liver fibrosis and cirrhosis in males; (e) bioavailable testosterone 

and PBC in males; (f) bioavailable testosterone and liver fibrosis and cirrhosis in males; 

Supplementary Figure 3. Leave one out of sensitivity tests about the causal 

relationship between: (a) bioavailable testosterone and PBC in females; (b) bioavailable 

testosterone and liver fibrosis and cirrhosis in females; (c) sex hormone-binding 

globulin and PBC in females; (d) sex hormone-binding globulin and liver fibrosis and 

cirrhosis in females; (e) sex hormone-binding globulin and PBC in males; (f) sex 

hormone-binding globulin and liver fibrosis and cirrhosis in males. 
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Table 1 The results of heterogeneity and horizontal pleiotropy 

Outcome Exposure Populations SNPs 

Heterogeneity test Strength Horizontal pleiotropic test 

MR- Egger 

(Q) 
P 

IVW 

(Q) 
P F R2 

MR-Egger 

intercept 
P 

MR-PRESSO 

global test 
P 

Liver fibrosis 

and cirrhosis 

Estradiol 

Males 

11 6.39 0.670 6.87 0.737 31 0.450 0.046 0.505 8.03 0.778 

Total 

testosterone 
148 194.87 0.004 194.92 0.005 93 2.898 0.002 0.860 197.61 0.004 

Bioavailable 

testosterone 
72 91.61 0.043 91.63 0.050 87 1.509 0.002 0.889 94.07 0.059 

SHBG 186 208.87 0.101 209.71 0.103 106 4.061 0.007 0.397 212.99 0.086 

Estradiol 

Females 

16 7.11508 0.930 7.254 0.950 24 0.383 -0.014 0.711 8.03 0.942 

Total 

testosterone 
101 101.51 0.411 102.04 0.425 72 1.860 -0.008 0.474 103.73 0.45 

Bioavailable 

testosterone 
118 135.06 0.109 135.24 0.119 72 2.286 -0.005 0.694 137.16 0.107 

SHBG 179 209.44 0.048 209.63 0.052 97 3.560 -0.004 0.689 211.63 0.062 

Adiponectin All 14 13.51 0.333 15.34 0.287 234 1.064 -0.031 0.227 18.95 0.29 

PBC 

Estradiol 

Males 

11 10.01 0.350 10.29 0.416 31 0.450 0.060 0.628 12.94 0.459 

Total 

testosterone 
149 173.72 0.065 173.72 0.073 93 2.927 0.0009 0.959 175.54 0.079 

Bioavailable 

testosterone 
72 87.09 0.081 87.14 0.094 87 1.509 -0.006 0.842 89.88 0.087 

SHBG 187 189.02 0.404 189.15 0.422 108 4.105 -0.005 0.721 190.64 0.435 

Estradiol 

Females 

16 15.48 0.346 15.53 0.415 24 0.383 0.012 0.860 16.75 0.463 

Total 

testosterone 
101 81.40 0.900 83.56 0.882 72 1.860 -0.028 0.145 85.11 0.867 
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Bioavailable 

testosterone 
118 87.04 0.980 88.97 0.975 72 2.286 -0.028 0.167 90.26 0.967 

SHBG 180 180.49 0.434 182.95 0.404 97 3.581 -0.022 0.121 184.67 0.42 

Adiponectin All 14 17.61 0.128 17.66 0.171 234 1.063 -0.009 0.856 21.51 0.194 

PBC=primary biliary cirrhosis; MR=mendelian randomization; SNPs=single-nucleotide polymorphisms; IVW=inverse variance weighted; 

SHBG=sex hormone-binding globulin; MR-PRESSO=MR-Pleiotropy Residual Sum and Outlier 
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Table 2 IVW method about the causal effect of genetically predicted sex hormones, adiponectin and the risk of liver fibrosis, cirrhosis 

and PBC 

Outcome Exposure Populations SNPs 
IVW 

OR (95%CI) P 

Liver fibrosis and cirrhosis 

Estradiol 

Males 

11 2.287 (1.403-3.727) 0.001 

Total testosterone 148 1.154 (0.847-1.572) 0.364 

Bioavailable testosterone 72 1.074 (0.679-1.698) 0.762 

SHBG 186 1.151 (0.911-1.454) 0.238 

Estradiol 

Females 

16 0.934 (0.477-1.831) 0.843 

Total testosterone 101 1.537 (1.082-2.182) 0.016 

Bioavailable testosterone 118 1.279 (0.905-1.810) 0.163 

SHBG 179 0.940 (0.716-1.234) 0.654 

Adiponectin All 14 1.608 (1.063-2.430) 0.024 

PBC 

Estradiol 

Males 

11 3.075 (1.306-7.240) 0.010 

Total testosterone 149 1.172 (0.713-1.927) 0.531 

Bioavailable testosterone 72 1.297 (0.601-2.800) 0.508 

SHBG 187 1.027 (0.704-1.497) 0.891 

Estradiol 

Females 

16 1.099 (0.337-3.584) 0.876 

Total testosterone 101 0.911 (0.499-1.660) 0.760 

Bioavailable testosterone 118 0.816 (0.468-1.422) 0.472 

SHBG 180 1.164 (0.753-1.800) 0.493 

Adiponectin All 14 2.631 (1.211-5.715) 0.015 

PBC=primary biliary cirrhosis; SHBG=sex hormone-binding globulin; SNPs=single-nucleotide polymorphisms; IVW=inverse variance 

weighted; OR=odds ratio; CI=confidence intervals. 
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