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Original Article

Erectile dysfunction is defined as the incapability of achiev-
ing or maintaining sufficient penile erection to experience 
satisfactory vaginal intercourse (Shamloul & Ghanem, 
2013). The prevalence of erectile dysfunction increases 
with age, and it mainly affects men aged >40 years. Erectile 
dysfunction is estimated to affect 322 million men world-
wide by 2025, and erectile dysfunction is considered a 
major public health concern for the increasing aging male 
population (McMahon, 2014). Erectile dysfunction is 
mainly caused by organic and psychogenic factors. Rigid 
erections in the morning, night, or at any sexual thought 

indicate psychogenic erectile dysfunction. Furthermore, 
psychogenic erectile dysfunction frequently presents with a 
sudden onset, intermittent course, or short duration. By 
contrast, organic erectile dysfunction frequently presents 
with a gradual onset, progressive course, or long duration 
(Shamloul & Ghanem, 2013). The development of erectile 
dysfunction has been associated with diabetes, hyperten-
sion, hyperlipidemia, depression, and metabolic syndrome 
(Shamloul & Ghanem, 2013). Moreover, erectile dysfunc-
tion is considered a marker of cardiovascular disorders 
(Raheem, Su, Wilson, & Hsieh, 2017).
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Abstract
We assessed the risk of erectile dysfunction after the diagnosis of gallbladder stone disease. We identified 9,362 men aged 
≥20 years diagnosed with gallbladder stone disease between 2000 and 2011 from Taiwan’s National Health Insurance 
Research Database as the study cohort, and we randomly selected 9,362 men from the nongallbladder stone disease 
population by 1:1 frequency-matching with the case cohort based on age, the index date for the diagnosis of gallbladder 
stone disease, and comorbidities as the control cohort. All subjects were followed until December 31, 2011, for 
measuring the erectile dysfunction incidence. The risk of organic erectile dysfunction was higher in the gallbladder stone 
disease cohort than the nongallbladder stone disease cohort (4.01 vs. 2.69 per 1,000 person-years, adjusted hazard ratio 
= 1.41, 97.5% confidence interval [1.12, 1.78]), but the risk of psychogenic erectile dysfunction was comparable between 
the gallbladder stone disease cohort and the nongallbladder stone disease cohort (0.40 vs. 0.28 per 1,000 person-years, 
adjusted hazard ratio = 1.37, 97.5% confidence interval [0.67, 2.79]). Moreover, gallbladder stone disease men with 
cholecystectomy exhibited a lower risk of developing organic erectile dysfunction than gallbladder stone disease men 
without cholecystectomy (adjusted hazard ratio = 0.58, 97.5% confidence interval [0.41, 0.80]). The risk of organic erectile 
dysfunction contributed by gallbladder stone disease was only significantly higher in men aged ≥65 years (adjusted hazard 
ratio = 2.21, 97.5% confidence interval [1.34, 3.63]) and in men with comorbidities (adjusted hazard ratio = 1.42, 97.5% 
confidence interval [1.09, 1.85]). The risk of psychogenic erectile dysfunction contributed by gallbladder stone disease 
was nonsignificant in each age group and in men with or without comorbidities. Gallbladder stone disease is associated 
with an increased risk of organic erectile dysfunction, but it has no association with psychogenic erectile dysfunction. 
History of cholecystectomy for gallbladder stone disease may ameliorate the risk of organic erectile dysfunction; it 
requires more studies to ascertain the protective mechanism and to clarify whether the existence of gallbladder stone 
disease is an epiphenomenon or independent risk factor of erectile dysfunction.
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Gallbladder stone disease is the most common gastro-
intestinal disorder requiring hospitalization, and approxi-
mately 800,000 cholecystectomies are annually performed 
in the United States of America (Lamberts, 2018). Most 
patients with gallbladder stone disease are asymptomatic; 
however, gallbladder stone disease can cause biliary pain, 
cholecystitis, cholangitis, pancreatitis, gallbladder cancer, 
and even gallstone ileus (Gurusamy & Davidson, 2014). 
The reported prevalence of gallbladder stone disease in 
Western countries is approximately 10%, whereas the 
overall prevalence of gallbladder stone disease in our pop-
ulation-based study conducted in Taiwan was approxi-
mately 5% (Chen et al., 2006; Stinton & Shaffer, 2012). 
The risk factors associated with gallbladder stone disease 
include the female sex, aging, obesity, hyperlipidemia, dia-
betes, and alcohol consumption (Shabanzadeh, Sørensen, 
& Jørgensen, 2016). Considering the increasing preva-
lence of metabolic syndrome worldwide, the prevalence 
of gallbladder stone disease is expected to increase, par-
ticularly in developing countries (Lamberts, 2018).

It has been well recognized that gallbladder stone dis-
ease is closely associated with cardiovascular disease due 
to shared risk factors in common, such as metabolic dis-
orders, and shared pathogenesis, such as cholesterol 
deposition for the gallstone formation and atherosclerotic 
plaque formation (Singh et al., 2018; Targher & Byrne, 
2015; Twickler, Cramer, & van Erpecum, 2005; Upala, 
Sanguankeo, & Jaruvongvanich, 2017). Similarly, erec-
tile dysfunction has been regarded as a marker for the 
severity of cardiovascular disease since they share com-
mon pathophysiological mechanisms of atherosclerosis 
and endothelial dysfunction for the penile artery and the 
coronary artery (Nehra et al., 2012; Raheem et al., 2017). 
Moreover, psychological stress is associated with gall-
bladder stone disease due to liability to bile stasis and 
impaired gallbladder emptying (Dragos, Tanasescu, 
Comsa, Minca, & Olteanu, 2015). Similarly, psychologi-
cal stress is associated with the development of organic 
and psychogenic erectile dysfunction (Shamloul & 
Ghanem, 2013; Yafi et al., 2016).

Therefore, gallbladder stone disease and erectile dys-
function share many risk factors, either constitutional 

disorders or psychological factors. However, no study has 
discussed the association between gallbladder stone dis-
ease and erectile dysfunction. In this study, we hypothe-
sized that a history of gallbladder stone disease is 
associated with an increased risk of erectile dysfunction. 
We conducted a nationwide population-based cohort 
study by analyzing data from the National Health 
Insurance Research Database of Taiwan for assessing the 
association between gallbladder stone disease and the 
subsequent development of organic and psychogenic 
erectile dysfunction.

Methods

Data Source

Data were obtained from the Longitudinal Health 
Insurance Database 2000, which is a database of Taiwan’s 
National Health Insurance program. Taiwan’s National 
Health Insurance program, established in 1995, is a man-
datory universal health insurance program and covers 
approximately 99% of the 23 million Taiwanese residents 
(National Health Insurance Research Database, 2015). 
Longitudinal Health Insurance Database 2000 has been 
adequately described in previous studies (Hsu et al., 
2016; Wang, Chang, Lin, Lin, & Kao, 2015). In addition, 
the personal identification of each beneficiary was 
encrypted to avoid the potential for ethical violations. In 
the Longitudinal Health Insurance Database 2000, dis-
eases were identified according to the International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM).

Patients

We included men aged ≥20 years diagnosed with gall-
bladder stone disease (ICD-9-CM 574.0, 574.1, 574.2, 
574.6, 574.7, 574.8, and 574.9) between 2000 and 2011 
in the gallbladder stone disease cohort, and the date of 
gallbladder stone disease diagnosis was defined as the 
index date. Men with a history of organic or psycho-
genic erectile dysfunction (ICD-9-CM 607.84 and 

1Digestive Disease Center, Chang-Bing Show-Chwan Memorial Hospital, Lukang Town, Taiwan, ROC
2Digestive Disease Center, Show-Chwan Memorial Hospital, Changhua, Taiwan, ROC
3Department of Food Science and Technology, Hungkuang University, Taichung, Taiwan, ROC
4Management Office for Health Data, China Medical University Hospital, Taichung, Taiwan, ROC
5College of Medicine, China Medical University, Taichung, Taiwan, ROC
6Graduate Institute of Biomedical Sciences and School of Medicine, College of Medicine, China Medical University, Taichung, Taiwan, ROC
7Department of Nuclear Medicine and PET Center, China Medical University Hospital, Taichung, Taiwan, ROC
8Department of Bioinformatics and Medical Engineering, Asia University, Taichung, Taiwan, ROC

Corresponding Author:
Chia-Hung Kao, MD, Professor, Graduate Institute of Biomedical Sciences and School of Medicine, China Medical University, Taichung. No. 2, 
Yuh-Der Road, Taichung 404, Taiwan, ROC. 
Emails: d10040@mail.cmuh.org.tw; dr.kaochiahung@gmail.com

mailto:d10040@mail.cmuh.org.tw
mailto:dr.kaochiahung@gmail.com


Chen et al. 3

302.72, respectively) before the index date, aged <20 
years, or with an incomplete demographic information 
were excluded. The control cohort was selected from 
the men without a history of cholelithiasis (ICD-9-CM 
574) or erectile dysfunction, including psychogenic and 
organic erectile dysfunction, as documented in the 
Longitudinal Health Insurance Database 2000. The 
index date was assigned based on the date for the diag-
nosis of gallbladder stone disease in the case cohort, 
and one male beneficiary without gallbladder stone dis-
ease was frequency-matched with each male patient in 
the gallbladder stone disease cohort according to age 
(in 5-year intervals), index date, and comorbidities 
including coronary artery disease, chronic obstructive 
pulmonary disease, chronic kidney disease, hyperten-
sion, diabetes, hyperlipidemia, depression, anxiety, 
asthma, and alcohol-related illness. We identified the 
first diagnosis of organic and psychogenic erectile dys-
function as the study endpoint. All enrolled subjects 
were followed from the index date until the study end-
point; withdrawal from the National Health Insurance; 
or December 31, 2011—which ever occurred first.

Comorbidities

We considered several established risk factors for organic 
and psychogenic erectile dysfunction, including coronary 
artery disease (ICD-9-CM 410–414), chronic obstructive 
pulmonary disease (ICD-9-CM 490–496), chronic kidney 
disease (ICD-9-CM 580–589), hypertension (ICD-9-CM 
401–405), diabetes (ICD-9-CM 250), hyperlipidemia 
(ICD-9-CM 272), depression (ICD-9-CM 296.2, 296.3, 
300.4, and 311), anxiety (ICD-9-CM 300), asthma (ICD-
9-CM 493), and alcohol-related illness (ICD-9-CM 291, 
303, 305, 571.0, 571.1, 571.2, 571.3, 790.3, A215, and 
V11.3). Moreover, comorbidity was treated as a time 
varying covariate.

Patient and Public Involvement

The dataset used in this study is managed by the Taiwan 
Ministry of Health and Welfare, which approved our 
application to access these data. Any researcher inter-
ested in accessing this dataset should submit an applica-
tion form to the Ministry of Health and Welfare for 
requesting access (Email: stcarolwu@mohw.gov.tw). 
The contact information for Taiwan Ministry of Health 
and Welfare is No. 488, Sec. 6, Zhongxiao E. Rd., 
Nangang Dist., Taipei City 115, Taiwan (ROC) and 
Phone: +886-2-8590-6848. The National Health 
Insurance Research Database has encrypted patient per-
sonal information to protect privacy, and the researchers 
were provided with anonymous identification numbers 
associated with relevant claims information, including 

sex, date of birth, medical services received, and pre-
scriptions. Patient consent is not required to access the 
National Health Insurance Research Database. The 
Institutional Review Board of China Medical University 
(CMUH104-REC2-115-CR3) has specifically waived the 
consent requirement and has approved this study.

Statistical Analysis

We used the chi-square test to determine the differences 
in categorical demographic variables and comorbidities 
between the gallbladder stone disease and nongallbladder 
stone disease cohorts. Furthermore, we used the Student’s 
t test to examine the mean age and follow-up time (years) 
of the two cohorts. We estimated the cumulative inci-
dence of organic and psychogenic erectile dysfunction 
curves during the follow-up period using the Kaplan–
Meier method, and differences between the two cohorts 
were examined using the log-rank test. The incidence 
density rates (per 1000 person-years) were calculated for 
both cohorts. The gallbladder stone disease to nongall-
bladder stone disease cohort hazard ratio and 95% confi-
dence interval were estimated using the univariate and 
multivariate Cox proportional hazards regression model. 
The p value was set at .025 using the Bonferroni correc-
tion method. The following risk factors for organic and 
psychogenic erectile dysfunction were included as covari-
ates in the multivariate models: age, coronary artery dis-
ease, chronic obstructive pulmonary disease, chronic 
kidney disease, hypertension, diabetes, hyperlipidemia, 
depression, anxiety, asthma, and alcohol-related illness. 
For further data analysis, we assessed the effects of cho-
lecystectomy on the risk of developing organic and psy-
chogenic erectile dysfunction in men with gallbladder 
stone disease and compared their risk with that of the 
nongallbladder stone disease cohort. SAS 9.4 software 
(SAS Institute, Cary, NC, USA) was used for data man-
agement and statistical analysis. A two-sided  
p value of <.05 was considered significant.

Results

The baseline characteristics and comorbidities of all 
enrolled subjects are presented in Table 1. Compared 
with the nongallbladder stone disease cohorts, the distri-
bution of age was younger in the gallbladder stone dis-
ease, with 37.7% of men in the gallbladder stone disease 
cohort aged ≤49 years. The mean age of the gallbladder 
stone disease and nongallbladder stone disease cohorts 
were 56.4 (standard deviation = 15.9) and 56.8 years 
(standard deviation = 15.8), respectively. Coronary 
artery disease, hypertension, and hyperlipidemia were 
more prevalent in the nongallbladder stone disease cohort 
than in the gallbladder stone disease cohort (all p < .05). 
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However, alcohol-related illness was more prevalent in 
the gallbladder stone disease cohort (p < .05). The mean 
follow-up duration was 6.44 (standard deviation = 3.86) 
and 6.39 years (standard deviation = 3.82) for the gall-
bladder stone disease and nongallbladder stone disease 
cohorts, respectively. Among the gallbladder stone 
cohort, the mean follow-up duration was 6.58 (standard 

deviation = 3.87) and 6.37 years (standard deviation = 
3.83) for the cholecystectomy and noncholecystectomy 
cohorts, respectively.

Figure 1(a) presents a higher cumulative incidence of 
organic erectile dysfunction in the gallbladder stone disease 
cohort than in the nongallbladder stone disease cohort (log-
rank test, p < .001). The risk of organic erectile dysfunction 

Table 1. Demographic Characteristics and Comorbidities in Cohorts With and Without Gallbladder Stone Disease.

Variable

Gallbladder stone disease

p value

No Yes

N = 9,362 N = 9,362

Age, years .02
 ≤49 3,319 (35.5) 3,527 (37.7)  
 50–64 2,732 (29.2) 2,724 (29.1)  
 65+ 3,311 (35.4) 3,111 (33.2)  
 Mean ± standard deviationa 56.8 (15.8) 56.4 (15.9) .04
Comorbidity
 Coronary artery disease 2,375 (25.4) 2,227 (23.8) .01
 Chronic obstructive pulmonary disease 1,696 (18.1) 1,616 (17.3) .13
 Chronic kidney disease 1,071 (11.4) 1,050 (11.2) .63
 Hypertension 4,161 (44.5) 3,904 (41.7) .001
 Diabetes 1,281 (13.7) 1,239 (13.2) .37
 Hyperlipidemia 2,544 (27.2) 2,416 (25.8) .03
 Depression 409 (4.37) 440 (4.70) .28
 Anxiety 568 (6.07) 591 (6.31) .49
 Asthma 751 (8.02) 746 (7.97) .89
 Alcohol-related illness 616 (6.58) 709 (7.57) .01

Note. Chi-square test.
at test.

Figure 1. Cumulative incidence comparison of organic erectile dysfunction (a) and psychosexual erectile dysfunction (b) for men 
with (dashed line) or without (solid line) gallbladder stone disease.
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increased with the increasing follow-up duration after a 
diagnosis of gallbladder stone disease. However, Figure 
1(b) presents a comparable cumulative incidence of psy-
chogenic erectile dysfunction between the gallbladder stone 
disease cohort and the nongallbladder stone disease cohort 
(log-rank test, p = .28).

The incidence of organic and psychogenic erectile 
dysfunction stratified by age and comorbidity and Cox 
model measured hazards ratio for men with gallbladder 
stone disease and without gallbladder stone disease are 
presented in Table 2. Overall, we observed 444 cases of 
organic and psychogenic erectile dysfunction with 266 
and 178 in the gallbladder stone disease and nongallblad-
der stone disease cohorts, respectively. The incidence 
density of all-cause erectile dysfunction was 4.41 per 
1,000 person-years and 2.98 per 1,000 person-years for 
the gallbladder stone disease and nongallbladder stone 
disease cohorts, respectively (crude hazard ratio = 1.41, 
95% confidence interval [1.16, 1.70]), with an adjusted 
hazard ratio of 1.41 (97.5% confidence interval [1.13, 
1.75]). The overall incidence of organic erectile dysfunc-
tion was 1.41-fold higher in the gallbladder stone disease 
cohort than in the nongallbladder stone disease cohort 

(4.01 vs. 2.69 per 1,000 person-years), with an adjusted 
hazard ratio of 1.41 (97.5% confidence interval [1.12, 
1.78]). The risk of organic erectile dysfunction contrib-
uted by gallbladder stone disease was only significantly 
higher in men aged ≥65 years (adjusted hazard ratio = 
2.21, 97.5% confidence interval [1.34, 3.63]) and in men 
with comorbidities (adjusted hazard ratio = 1.42, 97.5% 
confidence interval [1.09, 1.85]). The overall incidence 
of psychogenic erectile dysfunction was comparable 
between the gallbladder stone disease cohort and the non-
gallbladder stone disease cohort (0.40 vs. 0.28 per 1,000 
person-years), with an adjusted hazard ratio of 1.37 
(97.5% confidence interval [0.67, 2.79]). The risk of psy-
chogenic erectile dysfunction contributed by gallbladder 
stone disease was nonsignificant in each age group and in 
men with or without comorbidities.

The Cox model with hazard ratios and 97.5% confi-
dence intervals of organic and psychogenic erectile dys-
function associated with gallbladder stone disease and 
covariates are presented in Table 3. Gallbladder stone dis-
ease (adjusted hazard ratio = 1.41, 97.5% confidence 
interval [1.12, 1.78]) was associated with the development 
of organic erectile dysfunction. However, gallbladder was 

Table 2. Incidence of Organic and Psychogenic Erectile Dysfunction Stratified by Age and Comorbidity and Cox Model 
Measured Hazards Ratio for Men With Gallbladder Stone Disease and Without Gallbladder Stone Disease.

Variables

Gallbladder stone disease

Crude hazard ratio 
(95% confidence 

interval)

Adjusted hazard 
ratiob (97.5% 

confidence interval)

No Yes

Event Ratea Event Ratea

All 178 2.98 266 4.41 1.41 [1.16, 1.70]* 1.41 [1.13, 1.75]**
Organic erectile dysfunction 161 2.69 242 4.01 1.41 [1.15, 1.72]* 1.41 [1.12, 1.78]**
Stratified by age
 ≤49 50 2.16 79 3.22 1.34 [0.94, 1.91] 1.34 [0.89, 2.02]
 50–64 81 4.45 100 5.57 1.19 [0.92, 1.83] 1.19 [0.85, 1.67]
 65+ 30 1.62 63 3.54 2.21 [1.43, 3.41]* 2.21 [1.34, 3.63]**
Comorbidityc

 No 41 1.77 59 2.55 1.35 [090, 2.02] 1.35 [0.85, 2.14]
 Yes 120 3.28 183 4.92 1.42 [1.13, 1.79]* 1.42 [1.09, 1.85]**
Psychogenic erectile dysfunction 17 0.28 24 0.40 1.37 [0.73, 2.55] 1.37 [0.67, 2.79]
Stratified by age
 ≤49 6 0.26 8 0.33 1.20 [0.41, 3.48] 1.20 [0.35, 4.06]
 50–64 7 0.38 11 0.61 1.59 [0.62, 4.12] 1.59 [0.54, 4.73]
 65+ 4 0.22 5 0.28 1.26 [0.34, 4.72] 1.26 [0.28, 5.71]
Comorbidityc

 No 5 0.22 11 0.48 1.96 [0.68, 5.66] 1.96 [0.58, 6.59]
 Yes 12 0.33 13 0.35 1.06 [0.48, 2.33] 1.06 [0.43, 2.60]

Note. hazard ratio = relative hazard ratio.
aRate = incidence rate, per 1,000 person-years. bAdjusted hazard ratio = multivariable analysis including age, and comorbidities of coronary 
artery disease, chronic obstructive pulmonary disease, chronic kidney disease, hypertension, diabetes, hyperlipidemia, depression, anxiety, asthma 
and alcohol-related illness. cMen with any one of the comorbidities (including coronary artery disease, chronic obstructive pulmonary disease, 
chronic kidney disease, hypertension, diabetes, hyperlipidemia, depression, anxiety, asthma, and alcohol-related illness) were classified as the 
comorbidity group.
*p < .05. **p < .025.
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not associated with development of psychogenic erectile 
dysfunction (adjusted hazard ratio = 1.37, 97.5% confi-
dence interval [0.67, 2.79]).

The joint effect of gallbladder stone disease with 
comorbidity for the risk of developing organic erectile 
dysfunction is presented in Table 4. Compared with men 
without gallbladder stone disease and without chronic 

kidney disease, men with gallbladder stone disease alone 
(adjusted hazard ratio = 1.42, 97.5% confidence interval 
[1.10, 1.82]) or combined with chronic kidney disease 
(adjusted hazard ratio = 2.05, 97.5% confidence interval 
[1.35, 3.10]) exhibited a high risk of organic erectile dys-
function. Compared with men without gallbladder stone 
disease and without depression, men with gallbladder 

Table 3. Cox Model With Hazard Ratios and 97.5% Confidence Intervals of Organic and Psychogenic Erectile Dysfunction 
Associated With Gallbladder Stone Disease and Covariates.

Variable

Organic erectile dysfunction Psychosexual erectile dysfunction

Adjusted hazard 
ratioa

(97.5% confidence 
interval)

Adjusted hazard 
ratioa

(97.5% confidence 
interval)

Gallbladder stone disease 1.41 [1.12, 1.78]** 1.37 [0.67, 2.79]
Age, years 0.99 [0.98, 1.00] 0.99 [0.96, 1.02]
Baseline comorbidities (yes vs. no)
 Coronary artery disease 1.17 [0.89, 1.55] 1.38 [0.55, 3.48]
 Chronic obstructive pulmonary disease 1.09 [0.81, 1.47] 1.35 [0.51, 3.52]
 Chronic kidney disease 1.43 [1.07, 1.92]** 1.17 [0.41, 3.35]
 Hypertension 1.27 [0.96, 1.69] 0.70 [0.28, 1.73]
 Diabetes 1.16 [0.87, 1.55] 1.21 [0.45, 3.29]
 Hyperlipidemia 1.32 [1.03, 1.69] 0.97 [0.42, 2.23]
 Depression 1.52 [1.06, 2.18]** 0.66 [0.12, 3.57]
 Anxiety 1.90 [1.41, 2.57]** 1.33 [0.43, 4.12]
 Asthma 0.84 [0.57, 1.24] 1.43 [0.47, 4.32]
 Alcohol-related illness 1.04 [0.73, 1.49] 1.00 [0.48, 2.10]

Note. aAdjusted hazard ratio = multivariable analysis including age and comorbidities of coronary artery disease, chronic obstructive pulmonary 
disease, chronic kidney disease, hypertension, diabetes, hyperlipidemia, depression, anxiety, asthma, and alcohol-related illness.
**p < .025.

Table 4. Cox Proportional Hazard Regression Analysis for the Risk of Organic Erectile Dysfunction—Joint Effect of Gallbladder 
Stone Disease With Comorbidity.

Variables Event Ratea Adjusted HRb (97.5% confidence interval)

Gallbladder stone disease Chronic kidney disease  
No No 134 2.49 1 [Reference]
No Yes 27 4.52 1.46 [0.90, 2.37]
Yes No 201 3.71 1.42 [1.10, 1.82]**
Yes Yes 41 6.65 2.05 [1.35, 3.10]**
Gallbladder stone Depression  
No No 149 2.57 1 [Reference]
No Yes 12 6.44 1.60 [0.81, 3.19]
Yes No 229 3.95 1.47 [1.16, 1.86]**
Yes Yes 13 5.46 1.38 [0.71, 2.68]
Gallbladder stone Anxiety  
No No 142 2.48 1 [Reference]
No Yes 19 7.18 2.08 [1.18, 3.66]**
Yes No 222 3.88 1.52 [1.19, 1.93]**
Yes Yes 20 6.45 1.84 [1.06, 3.20]

Note. PY = person-years.
aRate = incidence rate per 1,000 person-years. bAdjusted HR = hazard ratio adjusted for age and other comorbidities.
**p < .025.
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stone disease alone exhibited a 1.47-fold high risk of 
organic erectile dysfunction (97.5% confidence interval 
[1.16, 1.86]). Compared with men without gallbladder 
stone disease and without anxiety, men with gallbladder 
stone disease alone exhibited a 1.52-fold high risk of 
organic erectile dysfunction (97.5% confidence interval 
[1.19, 1.93]).

The incidences and hazard ratios of organic and psy-
chogenic erectile dysfunction in gallbladder stone disease 
stratified by cholecystectomy are presented in Table 5. 
The mean time from the diagnosis of gallbladder stone 
disease to cholecystectomy was 5.31 years (standard 
deviation = 3.76). Compared to men in the nongallblad-
der stone disease cohort, gallbladder stone disease with-
out cholecystectomy had a much higher risk of developing 
organic erectile dysfunction (adjusted hazard ratio = 
1.68, 97.5% CI [1.32, 2.15]). Whereas gallbladder stone 
disease with cholecystectomy exhibited a significantly 
lower risk of developing organic erectile dysfunction 
than gallbladder stone disease without cholecystectomy 
(adjusted hazard ratio = 0.58, 97.5% CI [0.41, 0.80]). 
Moreover, the risk of organic erectile dysfunction was 
comparable between the nongallbladder stone cohort and 
the gallbladder stone cohort with cholecystectomy 
(adjusted hazard ratio = 0.98, 97.5% CI [0.70, 1.37]). 
However, cholecystectomy has no association with the 
development of psychogenic erectile dysfunction.

Discussion

In 2010, only 10.7% of people were aged >65 years in 
Taiwan (Li, Cheng, Liang, Wu, & Lotus Shyu, 2013). 
Furthermore, we observed that 33.2% of men with gall-
bladder stone disease were aged >65 years, and our results 
supported that gallbladder stone disease is associated with 
aging. The higher prevalence of gallbladder stone disease 
in the older men population may be a consequence of 

increased intestinal absorption of cholesterol, enhanced 
biliary secretion of cholesterol, decreased synthesis and 
secretion of bile salts, and impaired gallbladder emptying 
in the aging process (Cao & Eslick, 2018; Shabanzadeh 
et al., 2016; Upala et al., 2017). Our findings showed that 
hypertension, hyperlipidemia, and diabetes were the most 
common comorbidities in order of frequency for men with 
gallbladder stone disease (Table 1). The association between 
hypertension and gallbladder stone disease remains 
unknown; however, an increased sympathetic tone with 
impaired gastrointestinal motility is suggested to be a risk 
factor common for gallbladder stone disease in hyperten-
sive patients (Yu et al., 2017). High-density lipoprotein 
cholesterol is a protective factor for gallbladder stone dis-
ease development, whereas hypertriglyceridemia often 
results in supersaturated bile and impaired gallbladder 
emptying to enhance gallbladder stone disease develop-
ment (Dhamnetiya, Goel, Dhiman, & Pathania, 2018; 
Singh et al., 2018). Moreover, diabetes can contribute 
gallbladder stone disease development because insulin 
resistance increases cholesterol secretion into bile, and 
hyperglycemia can impair gallbladder emptying (Shafqet 
&Sharzehi, 2017).

Except depression, anxiety, and alcohol-related illness, 
the prevalence of other comorbidities was lower in men 
with gallbladder stone disease than in those without gall-
bladder stone disease (Table 1). However, our findings 
consistently revealed gallbladder stone disease was asso-
ciated with an increased risk of organic erectile dysfunc-
tion after adjusting for age and comorbidities, including 
coronary artery disease, chronic obstructive pulmonary 
disease, chronic kidney disease, hypertension, diabetes, 
hyperlipidemia, depression, anxiety, asthma, and alcohol-
related illness. Moreover, comorbidity has been treated as 
a time varying covariate in our study to minimize the pos-
sibility that men with gallbladder disease without comor-
bidities may be prone to develop erectile dysfunction due 

Table 5. Incidences and Hazard Ratios of Organic and Psychogenic Erectile Dysfunction in Gallbladder Stone Disease Stratified 
by Cholecystectomy.

Variable N Event PY Ratea Crude HR (97.5% CI) Adjusted HRb (97.5% CI) Crude HR (97.5% CI) Adjusted HRb (97.5% CI)

Organic erectile dysfunction
 Nongallbladder stone disease 9,362 161 59,806 2.69 1 [Reference] 1 [Reference]  
 Gallbladder stone disease
   Without cholecystectomy 5,758 179 36,510 4.90 1.82 [1.43, 2.32]*** 1.68 [1.32, 2.15]** 1 [Reference] 1 [Reference]
   With cholecystectomy 3,604 63 23,774 2.65 0.99 [0.71, 1.38] 0.98 [0.70, 1.37] 0.54 [0.39, 0.75]** 0.58 [0.41, 0.80]**
Psychogenic erectile dysfunction
 Nongallbladder stone disease 9,362 17 59,806 0.28 1 [Reference] 1 [Reference]  
 Gallbladder stone disease
   Without cholecystectomy 5,758 18 36,510 0.49 1.73 [0.81, 3.70] 1.66 [0.77, 3.57] 1 [Reference] 1 [Reference]
   With cholecystectomy 3,604 6 23,774 0.25 0.90 [0.31, 2.60] 0.90 [(0.31, 2.60] 0.52 [0.18, 1.49] 0.53 [0.18, 1.55]

Note. hazard ratio = relative hazard ratio.
aRate = incidence rate, per 1,000 person-years. bAdjusted hazard ratio = multivariable analysis including age, and comorbidities of coronary artery disease, chronic 
obstructive pulmonary disease, chronic kidney disease, hypertension, diabetes, hyperlipidemia, depression, anxiety, asthma, and alcohol-related illness.
**p < .025.
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to the development of the comorbidities later in life. 
Moreover, our results suggest that the risk of organic erec-
tile dysfunction increased with an increase in the follow-
up duration, rather than in the immediate days, after a 
diagnosis of gallbladder stone disease. All these findings 
consistently indicate that gallstone disease is closely asso-
ciated with the development of organic erectile dysfunc-
tion. It should be noted that the risk of organic erectile 
dysfunction contributed by gallbladder stone disease was 
particularly significant in men aged ≥65 years and in men 
with comorbidities; therefore, our findings may provide a 
reference for the screening or treatment of organic erectile 
dysfunction in men with gallbladder stone disease. 
However, gallbladder stone disease is not associated with 
the development of psychogenic erectile dysfunction in 
our study. The main causes of psychogenic erectile dys-
function are complex and include fear of performance 
failure during intercourse and multiple developmental, 
cognitive, affective, and interpersonal factors, which may 
explain the cause for lacking well recognized risk factors 
for the development of psychogenic erectile dysfunction 
in our study (Shamloul & Ghanem, 2013).

Cholecystectomy clinically is only indicated for bili-
ary complications, but we have demonstrated that gall-
bladder stone disease increased the risk of organic erectile 
dysfunction and the risk after cholecystectomy would 
diminish to a level comparable to that of the nongallblad-
der stone disease cohort. Beyond a biliary tract disease, 
gallbladder stone disease may be a marker of organic 
erectile dysfunction. The protective mechanism of chole-
cystectomy against the development of organic erectile 
dysfunction cannot be ascertained in this observational 
study, and more studies are required to determine whether 
gallbladder stone disease is a risk factor or an epiphenom-
enon of organic erectile dysfunction.

The association of gallbladder stone disease with erec-
tile dysfunction may be due to the following common 
pathophysiological mechanisms. Firstly, the saturation of 
cholesterol into bile for enhancing the development of 
gallbladder stone disease is similar to the pathogenesis of 
atherosclerotic plaque deposition in the penile arteries of 
organic erectile dysfunction (Singh et al., 2018; Targher 
& Byrne, 2015; Upala et al., 2017). Secondly, patients 
with gallbladder stone disease have low plasma levels of 
insulin-like growth factor-1, which impairs postprandial 
gallbladder emptying. Similarly, the antiatherosclerotic 
effect of insulin-like growth factor-1 diminishes in 
patients with gallbladder stone disease with low plasma 
insulin-like growth factor-1 levels (Fan, Chen, & Dai, 
2017; Shabanzadeh, 2018). Thirdly, gallbladder stone 
disease is characterized by an increased degree of inflam-
mation and oxidative stress (Grattagliano, Ciampi, & 
Portincasa, 2017). Similarly, increased oxidative stress 
increases the susceptibility to atherosclerosis in penile 

arteries of men with organic erectile dysfunction 
(Maiorino, Bellastella, & Esposito, 2015). Finally, a bidi-
rectional association has been established between gall-
bladder stone disease and psychosocial stress (Yafi et al., 
2016). Patients with gallbladder stone disease tend to be 
more obsessive, and autonomic nervous dysfunction 
with impaired gallbladder emptying was more prevalent 
in these patients. A bidirectional association has also 
been recognized between erectile dysfunction and psy-
chosocial stress (Langer et al., 2017; Shamloul & 
Ghanem, 2013). Men with erectile dysfunction exhibit a 
higher risk of psychosocial stress than those without 
erectile dysfunction, and smooth muscle dysfunction 
beyond endothelial dysfunction supposedly develops 
before the onset of systemic vascular diseases (Lane-
Cordova, Kershaw, Liu, Herrington, & Lloyd-Jones, 2017). 
Our findings strongly support the association between psy-
chosocial stress and organic erectile dysfunction.

Our study has several merits. Firstly, our study is the 
first population-based study to examine the association 
between gallbladder stone disease and the subsequent 
development of erectile dysfunction. Secondly, our statis-
tical analyses included data from a national database with 
a 12-year observation period for the representative cohort 
of 1,000,000 citizens covered by the National Health 
Insurance program. Thirdly, the enrolled men were sam-
pled from a population of approximately 99% of 
Taiwanese residents to provide the generalizability of the 
findings in Taiwan. However, more international studies 
are required to ascertain this possible global generaliz-
ability. In addition, our longitudinal cohort study facili-
tated the evaluation of the temporal association between 
gallbladder stone disease and erectile dysfunction.

Our study has several limitations. Firstly, we could 
have neglected potential confounding factors because the 
National Health Insurance Research Database did not 
provide detailed information on erectile dysfunction-
related lifestyle and socioeconomic status. The National 
Health Insurance Research Database lacked data on edu-
cational background, exercise and work loadings, and 
beneficiary height and weight. However, we replaced 
alcohol drinking habits with alcohol-related illness and 
replaced smoking habits with the diagnosis of chronic 
obstructive pulmonary disease for adjustment. 
Furthermore, gallbladder stone disease was consistently 
associated with organic erectile dysfunction development 
after controlling for age, coronary artery disease, chronic 
obstructive pulmonary disease, chronic kidney disease, 
hypertension, diabetes, hyperlipidemia, depression, anxi-
ety, asthma, and alcohol-related illness. Secondly, we did 
not include men not enrolled in the National Health 
Insurance program, but the program currently has cov-
ered more than 99% of Taiwan’s population. Thirdly, the 
surveillance bias may exist in our study due to 
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the misclassification of asymptomatic gallbladder stone 
disease into nongallbladder stone disease and men with 
gallbladder stone disease might have more medical acces-
sibility to yield the diagnosis of erectile dysfunction. The 
diagnosis made of gallbladder stone disease mainly relied 
on imaging studies, such as ultrasound, computed tomog-
raphy, or magnetic resonance imaging, rather than on the 
development of symptoms in Taiwan. However, by com-
paring the incidence of erectile dysfunction between the 
gallbladder stone disease men with cholecystectomy and 
without cholecystectomy, our findings supported the 
ameliorating effect of cholecystectomy against the devel-
opment of organic erectile dysfunction among the gall-
bladder stone disease cohort even though the follow-up 
duration was longer in the cholecystectomy subjects. 
Therefore, the association between organic erectile dys-
function and the existence of gallbladder stone disease is 
validated in this sensitivity analysis. Finally, men not 
seeking medical consultation for erectile dysfunction 
could not be enrolled in our study; therefore, the risk of 
erectile dysfunction might be underestimated. The code 
of erectile dysfunction was made by the urologists, who 
have treated the patients and enrolled erectile dysfunction 
as the main diagnosis in their claims. Moreover, the accu-
racy of a medical diagnosis, according to ICD-9-CM, was 
regularly audited by related specialists and physicians 
based on the standard clinical criteria. The National 
Health Insurance program is operated by a single insti-
tute, the Bureau of National Health Insurance, without 
competitors. Health-care providers would receive severe 
disciplinary actions if they were found inappropriately 
designating inaccurate ICD-9-CM codes. Regarding the 
accuracy of the claims codes in our dataset, the literature 
has shown a substantial concordance between the claims 
of common chronic diseases, medication, and medical 
resource utilization, either based on the patient self-
reports or review of the medical records (Cheng et al., 
2014; Wu, Lai, Gau, Wang, & Tsai, 2014).

In conclusion, the findings of our population-based 
cohort study indicate that gallbladder stone disease is 
associated with an increased risk of organic erectile dys-
function, but it has no association with psychogenic erec-
tile dysfunction. Cholecystectomy for gallbladder stone 
disease may ameliorate the risk of organic erectile dys-
function, but it requires more studies to ascertain the pro-
tective mechanism and to clarify whether the existence of 
gallbladder stone disease is an epiphenomenon of or 
independent risk factor of erectile dysfunction.
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