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ABSTRACT

— Background

Large population-based studies are much needed to accurately establish the epidemiology 

of primary biliary cirrhosis (PBC). We aimed to collect all PBC patients in a geographically 

defined area in order to evaluate the epidemiology of PBC and examine the possible 

association of PBC with smoking, age at menarche, age at first pregnancy, and number of 

pregnancies.

— Methods

All PBC patients between 2000 and 2008 were identified in a geographically defined 

area of the Netherlands, comprising 50% of the Dutch population. Four independent 

hospital databases were searched in 44 hospitals. Medical records were reviewed on 

site verifying diagnosis and for collection of clinical data. Age- and gender-matched 

controls were recruited from the outpatient clinics of four participating hospitals. Patients 

and controls were asked to fill out a questionnaire regarding family history, previous and 

current smoking behaviour, and fertility status.

— Results

Nine hundred and ninety-two PBC patients fulfilled all inclusion criteria, resulting in a 

mean incidence of 1.1 per 100,000; 0.3 in men and 1.9 in women. On January 1st 2008 

the point prevalence was 13.2 per 100,000 inhabitants. Incidence and prevalence rates 

were increasing over time (p<0.001). No geographical differences in disease distribution 

were observed. Smoking behaviour, age at menarche, age at first pregnancy, gravidity 

and number of children were not significantly different between cases and controls.

— Conclusion

Incidence and prevalence rates of PBC are increasing over time. PBC was not found 

to be associated with smoking, age at menarche, age at first pregnancy, or number of 

pregnancies.

INTRODUCTION

Primary biliary cirrhosis (PBC) is a chronic cholestatic liver disease of unknown origin. 

Nowadays, it is generally believed that PBC is an autoimmune disease triggered by 

environmental factors in genetically susceptible individuals.1 The genetic component of 

PBC is well-established.2 Still, the role of risk factors is less clear. Female predominance 

in PBC and autoimmune diseases in general has led to the hypothesis that reproductive 

factors may trigger disease. Menarche, age at first pregnancy, and number of pregnancies 

are established indicators of intrinsic sex hormone exposure and have been associated with 

the risk of breast carcinomas as well as CRC.3,4 However, reports on the role of estrogens 

or gravidity in promoting PBC are conflicting.5,6 Epidemiology can be a powerful tool to yield 

important clues as to the etiology of diseases as well as the burden to society, but in order 

to it is paramount that sufficiently large, population-based figures are collected. Reported 

incidence and prevalence figures show quite some variation ranging from 0.33 to 5.8 per 

100,000 and 1.91 to 40.2 per 100,000 inhabitants, respectively.7 These differences may be 

subject to the applied search strategy, the population under investigation, especially when 

relatively small populations are studied, and the degree of scrutiny of case-finding and 

ascertainment.  

Herein, we report the largest population-based cohort study to date and a case-control sub 

study in order to evaluate the epidemiology of PBC in a large geographically defined area 

and examine the possible association of PBC with smoking, age at menarche, age at first 

pregnancy, or number of pregnancies.

METHODS

Design

Population-based observational cohort study and a case-control sub study.

Study area, population and period

Between 2008 and 2011 all PBC cases in 44 hospitals from 2000 onwards were identified in a 

geographically defined area of 6 adjacent provinces comprising 50% of the Dutch population 

(fig. 7.1). This area consists of 169 municipalities subdivided in 5 categories by degree of 

urbanization: 1; ≥ 2500, 2; 1500-2500, 3; 1000-1500, 4; 500-1000, 5; <500 residences per 

km2. The study was approved by the Central Committee for Research Ethics in Utrecht and 

all 44 local ethics committees of the participating hospitals in the Netherlands. The study is 

registered under NTR2813 (www.trialregister.nl).
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Case-finding

Case-finding was performed according to guidelines stated by Metcalf and James.8 Four 

independent hospital databases were searched: 1) PALGA, nation wide network and 

comprehensive registry of histo- and cytopathology in the Netherlands;9 2) nation wide 

hospital billing system using codes 707, 954, and 943 (primary sclerosing cholangitis/primary 

biliary cirrhosis/autoimmune hepatitis); 3) local clinical chemical laboratory database query of 

all patients with a positive anti-mitochondrial antibody test result, and 4) personal registry of 

physicians. In addition, PBC-registries in the three liver transplant centers in the Netherlands 

were checked for missed referrals from the area of interest.

Figure 7.1 Map of the Netherlands showing the geographically defined area, hospitals and place of 

residence of all 992 PBC patients at diagnosis.

Case-ascertainment

All medical records were evaluated on site (by KB and CP) for ascertainment of PBC diagnosis. 

The diagnosis of PBC was based on a combination of: 1) clinical presentation and/or; 2) 

elevation of alkaline phosphatase (AP) of liver origin for at least 6 months, and; 3) presence 

of anti-mitochondrial antibodies (≥1:40) in serum, and; 4) histological features of florid bile 

duct lesions. Criteria 2 and 3 were diagnostic for PBC, criteria 4 confirmed the diagnosis.10 

PBC-Autoimmune hepatitis overlap syndrome (PBC-AIH) was defined as a combination of 

PBC and: 1) serum alanine transaminase (ALT) >5x upper limit of normal (ULN), and; 2) serum 

IgG >2x ULN or a positive test for anti-smooth muscle antibodies (ASMA); and 3) a liver biopsy 

showing moderate or severe periportal or periseptal lymphocytic piecemeal necrosis.11 

Controls

Age- and gender-matched controls were recruited from the outpatient clinics of four 

participating hospitals, equally distributed throughout the study area (fig. 7.1). Subjects without 

liver disease or autoimmune disease were eligible for inclusion. 

Data collection

At study inclusion the following data were collected: date of PBC diagnosis, zip code of 

residence at time of diagnosis. Patients and controls were asked to give informed consent 

and fill out a 10-item questionnaire regarding family history, previous and current smoking 

status, and fertility status. Year, age-, and sex-specific population estimates were retrieved 

from the Dutch Central Office for Statistics (Centraal Bureau voor de Statistiek, Den Haag, the 

Netherlands; http://statline.cbs.nl). 

Statistical analysis

Prevalence and incidence rates were expressed per 100,000 inhabitants (≥ 20 years of age) 

per year.  Cochrane-Armitage test for trend was used to test changes in prevalence and 

incidence. Standardized incidence ratios (SIRs) were calculated per municipality to check 

for spatial differences. SIR is the ratio of observed compared with expected number of 

cases. The One-Way ANOVA test was used to asses differences in incidence rates between 

municipalities subdivided according degree of urbanization. We examined reproductive 

factors among females only. Number of pregnancies, age at first pregnancy, and gravidity for 

cases and controls above 45 years of age at time of inclusion were compared, assuming that 

these women are no longer capable of reproduction. T-tests were used to assess differences 

in means. The chi-square test or Fisher’s exact test were used for categorical data. Statistical 

analyses were performed using SPSS version 19.0 software (Chicago, IL). P < 0.05 was 

considered statistically significant.
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RESULTS

Study inclusion

The case-finding queries yielded 3090 unique cases. Of these, 1035 fulfilled the diagnostic 

criteria for PBC and were alive on January 1st 2000. Forty-three cases were living outside 

the study region, leaving 992 PBC patients eligible for inclusion in the study cohort (fig. 7.1). 

Reasons for study exclusion are depicted in figure 7.2. In total, 464 cases and 128 age- and 

gender-matched controls completed the questionnaire. 

Figure 7.2 Flowchart patient inclusion.

Patient characteristics

Among the 992 patients, 121 were male (12%), and the mean age at diagnosis was 61 (SD; 12) 

in men and 57 (SD; 13) in women (p<0.001). At time of inclusion, 85 (9%) patients fulfilled the 

criteria for autoimmune hepatitis overlap syndrome.  

Incidence and prevalence

The total number of inhabitants (≥ 20 years of age) increased during the study period from 

5,569,825 in 2000 to 5,855,630 in 2007. The mean annual incidence between 2000 and 

2007 was 1.1 per 100,000; 0.3 in men and 1.9 in women (fig. 7.3). On January 1st 2008 the point 

prevalence was 13.2 per 100,000 inhabitants. The highest incidence and prevalence rates 

were observed in women between ages 70-79 (4.2 and 42.3, respectively). Incidence and 

prevalence rates increased over time (p<0.001) (fig. 7.4 and 7.5). Net growth was attributable 

to increase in incidence and not to a decrease in number of deaths (p=0.007, Cochrane-

Armitage test for trend).

Geographical distribution

In order to check for spatial differences, standardized incidence ratios were calculated for 

all 169 municipalities in the study region. Geographical differences in incidence rates were 

observed for the municipalities Almere and Hoogeveen. In Almere, we observed a lower 

incidence rate than expected based on number of inhabitants (SIR 0.37; 95% CI 0.12-0.87). 

The incidence rate was significantly higher in Hoogeveen (SIR 2.33; 95% CI 1.12-4.28). The 

incidence rates coincided with a relatively young population in Almere and older population 

in Hoogeveen as shown in figure 7.6. Mean incidence rates did not differ significantly between 

municipalities subdivided according degree of urbanization (fig. 7.7). 

Lifestyle, reproductive, and familial factors

Among cases and controls, 20% and 17% reported a past history of smoking, respectively 

(p=0.455). Current smoking was similar in both groups; 20% in cases and 19% in controls 

(p=0.778). No differences in age at menarche, age at first pregnancy, gravidity and number of 

children were observed among cases and controls (table 7.1).

DISCUSSION

We here present the largest population-based study of PBC. Increasing disease awareness, 

improved diagnostic tools, availability of an effective therapy, and digitalized patient 

registration likely contributed to the rising incidence and prevalence rates observed between 

1969 and 1999.7 A large study from Finland showed increasing prevalence rates between 1988 

and 1999.12 The increase in prevalence was due to an increasing incidence and improved 

survival. However, we observed an increase in incidence and prevalence rates from 2000-

2008, independent of number of deaths, yet patient registration, diagnostic approach and 

therapy remained unchanged over these years. This suggests that there is a true increase in 

PBC occurrence, rather than increase in detection and reporting or improved survival. 
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Figure 7.3 Age- and gender-specific incidence PBC per 100,000 inhabitants per year.

Figure 7.4 Gender specific PBC incidence per 100,000 inhabitants per year. Total incidence rates 

increased over time (p<0.001, Cochrane-Armitage test for trend). 

Figure 7.5 Gender specific point prevalence PBC per 100,000 inhabitants per year. Total prevalence 

rates increased over time (p<0.001, Cochrane-Armitage test for trend).

Figure 7.6 Age distribution in municipalities Almere and Hoogeveen compared to the average age 

distribution in the Netherlands.
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Figure 7.7 PBC incidence in the Netherlands subdivided according to degree of urbanization (p=0.253, 

One-Way ANOVA test). The bar across each column represents the mean value.

Table 7.1 Lifestyle and reproductive factors reported by PBC cases and controls

  PBC (%) control (%) OR (95% CI) p

Lifestyle factors      

N 464 128  

Male 48 (10) 20 (16) 0.097

Age at inclusion [mean(SD)] 63 (12) 61 (13) 0.058

Currently smoking 92 (20) 24 (19) 1.1 (0.7-1.8) 0.778

Smoked ≥ 1 yr in past 20 yrs 94 (20) 22 (17) 1.2 (0.7-2.0) 0.455

Current BMI [mean(SD)] 26 (4) 26 (5) 0.768

Menstrual and reproductive factors

N 416 108  

Age at menarche [mean(SD)] 13.3 (1.9) 13.4 (1.7) 0.729

Gravidity [mean(SD)] 2.4 (1.6) 2.3 (1.6) 0.824

Pregnancies      

   0 50 (13) 14 (15) 0.9 (0.5-1.7)

0.789
   1-2 171 (45) 43 (45) 1.1 (0.7-1.6)

   3-4 131 (35) 29 (31) 1.3 (0.8-2.0)

   >4 27 (7) 9 (9) 0.8 (0.3-1.7)

Age at first pregnancy [mean(SD)] 24.8 (4.3) 24.7 (5.8) 0.874

Children [mean(SD)] 2.1 (1.4) 2.1 (1.4) 0.844

Reported incidence and prevalence figures show quite some variation ranging from 0.33 to 

5.8 per 100,000 and 1.91 to 40.2 per 100,000 inhabitants, respectively.7 Most epidemiological 

studies on PBC have been performed in specialized centers, prone to selection and referral 

bias. We observed similar incidence and prevalence figures as found in Sweden and 

Norway.13–15 However, these studies were performed between 1973 and 1995. Between 1988 

and 1999 a large study was performed in Finland showing an incidence of 1.7 and prevalence 

of 18.0 per 100,000 inhabitants.12 Recently, a population-based study from Iceland reported 

an even higher crude incidence of 3.4 and a prevalence of 38.3 in a background population 

of 317,630 inhabitants.16 Case-finding and case-ascertainment strategies were comparable 

to our study, yet incidence and prevalence rates are three times higher. The populations of 

Finland and Iceland are quite homogeneous and almost entirely from Northern European 

ancestry, and so far, the highest incidence and prevalence rates have been found in Northern 

Europe and North America.16–18 These observations have led to the hypothesis that there is a 

north-south gradient, which may explain the strikingly high occurrence in Iceland.7,19 However, 

it is important to take into account that until 2005 no studies were performed outside 

the Western world.7 Compared to our study, the catchment areas in previous population-

based studies were manifold smaller, rendering them more vulnerable to sampling error.7,16 

Limitations of this study lie in its retrospective nature with its immanent risk of incomplete 

datasets. Although we have extensively searched all hospitals in the predefined geographic 

area and the potential tertiary referral hospitals, there is always a chance of missing some 

cases and therefore slightly underestimating incidence and prevalence. However, by 

combining several databases and visiting all hospitals in a geographically defined area we 

feel that the chance of missing data is limited.

The striking female predominance in PBC and autoimmune diseases in general has led to the 

hypothesis that reproductive factors may trigger disease. Menarche, age at first pregnancy, 

and number of pregnancies are established indicators of intrinsic sex hormone exposure and 

have been associated with the risk of breast carcinomas as well as CRC.3,4 PBC is not only 

a female predominant disease, but also tends to occur after the childbearing years. In the 

present study no association between reproductive factors and PBC was found. 

Meta-analysis combining five large well-conducted case-control studies on environmental, 

familial, and medical factors showed that among others, a history of cigarette smoking was 

associated with PBC.20  On the contrary, in the largest conducted study by Gershwin et al. 

controls were more often current smokers.6 Several confounding factors may play a role 

when studying smoking behaviour. The authors recognize that an explanation for differences 

in smoking behaviour could be the dissimilarity in socioeconomic status between cases and 
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controls.6,21 Recent studies show that a history of cigarette smoking is associated with the 

severity of liver fibrosis at diagnosis.22 This could indicate that smoking PBC patients have a 

more severe disease course and are more likely to have received medical attention, which 

may constitute a confounder. Moreover, none of the case-control studies were population-

based with an inevitable risk of referral and selection bias. In our population-based study, 

neither a positive nor a negative association with past or current smoking behaviour 

was found. Notably, controls were recruited from a hospital population which could have 

influenced the number of smokers. However, 27% of the general population (> 14 years 

of age) in the Netherlands was smoking in 2010, implying that the percentage of current 

smokers in the patient and control group did not exceed the national average.23  The lower 

number of controls than cases is a limitation of our study. Still, by recruiting age- and gender 

matched controls from four different areas in the Netherlands, we have tried to compose a 

representative control group.

Besides infectious, lifestyle, and reproductive factors, several environmental triggers for PBC 

have been studied in the last thirty years. Two studies from the United Kingdom showed 

strong variations in geographical distribution of patients. However, no potential triggers 

could be identified.24,25 In New York, a significant association between a cluster of PBC 

patients and superfund toxic waste sites contaminated with volatile aromatic hydrocarbons 

and trichloroethylene was identified, supporting the hypothesis that environmental toxins 

play a role in development of PBC.26 We observed a lower PBC incidence in Almere and 

a higher incidence in Hoogeveen. However, these differences coincided with a relatively 

young population in Almere and older population in Hoogeveen compared to the average 

age distribution in the Netherlands. With a mean age at diagnosis of 61 years, differences in 

age distribution could explain the observed incidence rates. The geographical distribution 

of patients in our study suggests that there is no support for a role of environmental toxin 

exposure in the etiopathogenesis of PBC. Our findings do not exclude an association with an 

equally distributed toxin, nor with exposition to a toxin long before a diagnosis is made when 

cases may have lived or worked elsewhere.

In conclusion, we report increasing incidence and prevalence rates of PBC in a large 

population-based cohort of 992 patients. This population-based study did not confirm 

smoking or sex hormone exposure as risk factors for PBC. Moreover, no geographical 

differences in disease distribution were observed. 
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