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Background. Primary biliary cholangitis (PBC) is a chronic autoimmune cholestatic liver disease with wide ranges of reported
incidence and prevalence. Aim. To map the incidence and prevalence of PBC in European countries from 2000 through 2020.
Methods. Following PRISMA recommendations, we searched the Medline and Scopus databases for studies with information on
either the incidence or prevalence of PBC. After data extraction, we used a random-effects model to estimate both the pooled
annual incidence rate and pooled point-prevalence rate and performed subgroup analyses to identify components contributing to
between-study heterogeneity. Results. We performed a qualitative and quantitative analysis of 18 studies. The pooled point-
prevalence rate was 22.27 cases per 100,000 inhabitants (95% CI: 17.98-27.01), and the pooled annual incidence rate was 1.87 new
cases per 100,000 inhabitants (95% CI: 1.46-2.34). In the subgroup analyses, we proved that a small part of the between-study

heterogeneity is significantly associated with a history of being part of the Eastern Bloc.

1. Introduction

Primary biliary cholangitis (PBC) is a chronic inflammatory
autoimmune cholestatic liver disease [1]. The aetiology of
PBC remains unknown; however, PBC is associated with a
myriad of both HLA and non-HLA genes as well as with
several environmental factors (socioeconomic status, in-
fectious agents, environmental pollutants, vitamin D, nu-
trition, drugs, and physical and psychological stresses) [2].
An increased prevalence of PBC has been associated with
proximity to waste disposal sites [3, 4], and in the past, it has
also been associated with a north-south latitudinal gradient
[5, 6]. In the USA, the prevalence increased from 2004
through 2014 despite a steady incidence [7], and the global
prevalence and incidence of PBC still vary widely with
geographic region. In this meta-analysis, we tried to pool the
PBC incidence and prevalence reported from European
countries. Furthermore, we investigated the extent to which
different components may have contributed to between-
study heterogeneity. A similar worldwide study and one
particularly from the Asia-Pacific region have recently been
reported [8, 9].

2. Materials and Methods

This meta-analysis was conducted and reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement (https://www.prisma-statement.
org/) [10].

2.1. Search Strategy. The Medline and Scopus databases were
searched for studies with information on either the inci-
dence or prevalence of PBC. The last search was run on 7 July
2020. A literature review was created using the following
search terms: (“epidemiology” or “prevalence” or “inci-
dence”) AND (“primary biliary cirrhosis” or “primary biliary
cholangitis” or “autoimmune liver disease” or “sclerosing
cholangitis” or “biliary liver cirrhosis”). Medical Subject
Headings (MESH) were used to increase the precision and
efficiency of the search. No language, publication date, or
publication status restrictions were imposed. In addition, we
expanded the search using the reference lists of relevant
review articles identified during the search. Two authors
independently screened the literature review using titles and
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abstracts and assessed full texts where eligible. Disagree-
ments over the inclusion of articles were resolved by dis-
cussion with a senior hepatologist.

2.2. Inclusion and Exclusion Criteria. Studies were included
if they met the following criteria: (1) the study was original
research; (2) the study reported a prevalence or incidence (or
it reported raw data that allowed the calculation of esti-
mates); (3) the study was conducted in Europe; and (4) the
study was published in 2000 or later.

Exclusion criteria for the meta-analysis were as follows:
(1) the study was a review article; (2) the study was a genome
study or an animal study; (3) the study described the epi-
demiology of PBC among hospitalized patients; and (4) the
study did not specifically describe patients with PBC.

2.3. Data Extraction. Two investigators independently
performed the data extraction. We developed a data ex-
traction sheet, pilot-tested it on five included studies, and
refined it accordingly. Furthermore, we attempted to acquire
any missing information by contacting the corresponding
authors of two studies; however, neither one responded to
our request. Disagreements over extracted information were
resolved by discussion with a senior hepatologist. The fol-
lowing information was extracted from each study: (1) the
first author, (2) publication year, (3) country of origin, (4)
case-finding methods, (5) methods of diagnosis, (6) raw data
(underlying population and number of cases), and estimates
of incidence and prevalence together with (7) sex-specific
estimates, where available. Age-standardized estimates were
preferred to crude estimates. Worth noting is that when
multiple annual incidence rates were reported in a specific
study, the median value for the period was calculated.

2.4. Statistical Analyses. The incidence and prevalence rates
were adapted from the original reports. As needed, the
underlying population was used to impute the number of
cases and vice versa. For sex-specific analyses, the underlying
population was divided by two. We used a random-effects
model to estimate both the pooled annual incidence rate and
the pooled point-prevalence rate (reported per 100,000 in-
habitants). The results of meta-analyses are presented
graphically using forest plots. We employed the DerSimo-
nian-Laird (DL) approach to estimate the between-study
heterogeneity. Two different measures of between-study
heterogeneity are reported in this study: (1) Qisa XZ statistic;
its p value <0.05 indicates the presence of significant be-
tween-study heterogeneity, which requires further investi-
gation, and (2) P-statistics (inconsistency), which represents
the ratio of between-study variance to the total observed
variance. Outlying studies were identified by screening for
externally studentized residuals that were larger than three
in the absolute value. Furthermore, we assessed the possi-
bility of publication bias by constructing funnel plots, which
were assessed both visually and formally with Egger’s test.
We hypothesized that between-study heterogeneity could be
partially associated with the inclusion of studies with
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different levels of risk of within-study bias. Therefore, we
performed prespecified subgroup analyses and multiple
metaregressions on the four following components, evalu-
ating their effect on between-study heterogeneity: (1) the
number of case-finding methods (cut-oft value>2), (2)
diagnostic methods (those complying with the current EASL
recommendations were labelled “standard”), and (3) the
underlying population (the median of the underlying
populations served as the cut-off value). (4) We further
investigated whether presence in the former Eastern Bloc
may have contributed to different rates when compared to
those reported from the former Western Bloc. Choropleth
maps with colour progression were used to illustrate annual
incidence rates and point-prevalence rates. In the case of
multiple reports from the same country, the report based on
the largest underlying population was used. All tests were
two-sided and performed at the 0.05 significance level.
Statistical analyses were performed in RStudio (version
1.2.1335).

3. Results

The electronic search yielded 1,373 records (Medline 1,200;
Scopus 173). We identified seven more records reviewing the
references of PBC-relevant review articles. No unpublished
studies were included. After removing duplicates (n = 80),
we screened the titles and abstracts of 1,300 records. A total
of 93 reports were identified as potentially meeting our
inclusion criteria and full-text articles were retrieved and
examined in detail. After full-text review, 16 reports were
used in subsequent meta-analysis. The PRISMA flow dia-
gram is presented in Figure 1.

3.1. Studies Characteristics. A total of 16 reports on 18
different studies that were conducted in 13 European
countries were included in the analysis. The publication
dates of all included studies ranged from April 2007 to June
2020. A total of 17 studies (94.44%) reported local prevalence
rates (10-58.2 PBC cases per 100,000 inhabitants) and 13
studies (72.22%) reported local incidence rates (0.79-5.31
new PBC cases per 100,000 inhabitants per year). Seven of
these studies (38.89%) reported sex-specific rates. Further-
more, seven studies (38.89%) used at least two case-finding
methods and 11 studies (61.11%) reported on specific di-
agnostic criteria (Table 1). A total of 25,343 cases of PBC
were identified in the underlying population of 107,578,769
inhabitants.

3.2. Prevalence of PBC in European Countries. In Figure 2, we
present a choropleth map of European countries with a
colour progression representing PBC point-prevalence rates.
Meta-analytic pooling of the prevalence estimates yielded a
summary point-prevalence rate of 22.27 cases per 100,000
inhabitants (95% CI: 17.98-27.01; Q: 3168.57, p < 0.0001; I
99%, Figure 3). The funnel plot (Figure 4) and Egger’s test
revealed no publication bias (p = 0.97), and no influential
studies were identified during the influential analysis. Be-
cause of significant heterogeneity, potential moderators were
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Ficure 1: Flowchart of studies inclusion.

explored by subgroup meta-analyses (Figure 5(a)-5(d)) and
a multiple metaregression. Neither the diagnostic criteria
(p>0.05) and the case-finding methods (p >0.05) nor the
underlying population (p > 0.05) explained the presence of
heterogeneity. However, countries from the former Eastern
Bloc had significantly lower point-prevalence rates when
compared to those reported from the former Western Bloc
(estimate: —0.0071, 95% CI: —0.0127-0.0016, p < 0.05). In the
female population, the summary point-prevalence rate was
38.07 cases per 100,000 women (95% CI: 22.46-57.75; Q:
831.16, p<0.01; I*: 99%; Figure 6(a)). In the male pop-
ulation, the summary point-prevalence rate was 7.66 cases
per 100,000 men (95% CI: 3.26-13.88; Q:196.23, p < 0.01; I
99%; Figure 6(b)).

3.3. Incidence of PBC in European Countries. In Figure 7, we
present a choropleth map of European countries with a
colour progression representing annual PBC incidence rates.
Meta-analytic pooling of the annual incidence estimates
yielded a summary annual incidence rate of 1.87 cases per
100,000 inhabitants (95% CI: 1.46-2.34; Q: 1441.68, p < 0.01;
I”: 99%; Figure 8). The funnel plot (Figure 9) and Egger’s test
revealed no publication bias (p = 0.36), and no influential
studies were identified during the influential analysis. Due to
strong evidence of heterogeneity, potential moderators were

explored by subgroup meta-analyses (Figure 10(a)-10(d))
and simple metaregressions. However, neither the diag-
nostic criteria (p>0.05), the case-finding methods
(p>0.05), the underlying population (p>0.05), nor the
historical presence in either of the Europe’s political blocs
(p>0.05) explained the presence of heterogeneity. In the
female population, the summary annual incidence rate was
2.96 cases per 100,000 women (95% CI: 1.95-4.18; Q: 652.91,
P <0.01; I: 99%; Figure 11(a)). In the male population, the
summary annual incidence rate was 0.70 cases per 100,000
men (95% CIL: 0.41-1.07; Q:151.20, p<0.01; I 99%;
Figure 11(b)).

4. Discussion

This study aimed to map the incidence and prevalence rate of
PBC in Europe. The pooled point-prevalence rate was 22.27
cases per 100,000 inhabitants (95% CI: 17.98-27.01), and the
pooled annual incidence rate was 1.87 new cases per 100,000
inhabitants (95% CI: 1.46-2.34). PBC, similarly to other
autoimmune disorders, is a female-predominant disease [1].
In Europe, the female prevalence was approximately five
times higher compared to estimates from the male pop-
ulation, and the female incidence was four times higher. PBC
is associated with lifestyle and both genetic and environ-
mental factors. The population of the first-degree relatives of
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FiGURE 2: Choropleth map of PBC point-prevalence rates in Europe.
Study Population Prevalence 95% CI Weight (%)
Rautiainen, 2007 (Finland) 2972189 17.97 [16.47; 19.56] [ ] : 6.0
Pla, 2007 (Spain) 389758 19.50 [15.36; 24.41] —.JI— 5.7
Eaton, 2007 (Denmark) 5472032 11.99 [11.09; 12.94] ! 6.0
Baldursdottir, 2012 (Iceland) 317630 38.09 [31.61; 45.52] : — 88— 5.6
Koulentaki, 2014 (Greece) 600000 36.50 [31.83; 41.67] : —— 5.8
Boonstra, 2014 (Netherlands) 5855630 13.18 [12.27; 14.15] | 6.0
Heetun, 2015 (Ireland) 500000 10.00 [7.42;13.18] E o | 5.8
Lleo, 2016 (Italy) 9742676 29.50 [28.43; 30.60] i 6.0
Lleo, 2016 (Denmark) 5534738 12.20 [11.29; 13.15] : 6.0
Gatselis, 2017 (Greece) 750000 58.13 [52.81; 63.85] : —@— 5.9
Pares, 2018 (Spain) 46400000 20.20 [19.79; 20.61] [} 6.0
Marzioni, 2019 (Italy) 1204216 27.82 [24.92; 30.96] : - 5.9
Madir, 2019 (Continental croatia) 331288 11.47 [ 8.12;15.74] - : 5.6
Madir, 2019 (Coastal croatia) 296195 12.49 [ 8.80;17.22] - | 5.6
Marschall, 2019 (Sweden) 15462427 34.59 [33.67; 35.53] : 6.0
Drazilova, 2020 (Slovakia) 1600000 14.88 [13.05; 16.89] B i 6.0
Sebode, 2020 (Germany) 8100000 36.89 [35.58; 38.24] : 6.0
|
|

Random-effects model 22.27 [17.98;27.01] - 100.0

Heterogeneity: I> = 99%, 7 < 0.0001, st =3168.57 (p = 0)
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FiGUure 3: PBC point-prevalence rates in Europe.
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FIGURE 4: Funnel plot of PBC point-prevalence rates in Europe.
Study Population  Prevalence 95% CI Weight (%) Study Population  Prevalence 95% CI Weight (%)
Diagnostic_methods = standard Case_finding_methods = two or more
Rautiainen, 2007 (Finland) 2972189 1797 [1647;19.56] Rautiainen, 2007 (Finland) 2972189 17.97 [16.47;19.56] 60
Pla, 2007 (Spain) 389758 19.50 [15.36; 24.41] Pla, 2007 (Spain) 389758 19.50 [15.36; 24.41] 5.7
Baldursdottir, 2012 (Iceland) 317630 38.09 [31.61;45.52] Baldursdottir, 2012 (Iceland) 317630 38.09 [31.61;45.52] 5.6
Koulentaki, 2014 (Greece) 600000 3650 (3183 4167) Boonstra, 2014 (Netherlands) 5855630 13.18 [12.27; 14.15) 60
Boonstra, 2014 (Netherlands) 5855630 13.18 [12.27;14.15] Lleo, 2016 (Italy) 9742676 2950 [28.43; 30.60] 60
Gatselis, 2017 (Greece) 750000 58.13 [52.81; 63.85] Marschall, 2019 (Sweden) 15462427 34.59 [33.67; 35.53] 60
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FIGURE 5: Subgroup analyses of PBC point-prevalence rates. (a) Diagnostic criteria. (b) Case-finding methods. (c) Underlying population.
(d) Former Eastern/Western Bloc.

patients with PBC has higher prevalence of the disease when
compared to the general population [27]. Smoking, several
xenobiotics, oestrogen, hormonal contraception, and

proximity to a toxic-waste disposal site are all associated
with an increased incidence of PBC [3, 28]. An association
with infectious diseases was also reported [28]. However, we
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Study Population Prevalence 95% CI Weight (%)
Rautiainen, 2007 (Finland) 1486094 29.14 [26.46;32.01] E 3 i 16.9

|
Pla, 2007 (Spain) 194879 36.95 [28.91; 46.53] + 16.3
Baldursdottir, 2012 (Iceland) 158815 64.23 [52.37;77.96] : — 16.2
Lleo, 2016 (Denmark) 2767369 20.27 [18.63; 22.02] = ! 16.9
Drazilova, 2020 (Slovakia) 800000 27.88 [24.34; 31.78] - | 16.8
Sebode, 2020 (Germany) 4050000 61.19 [58.80; 63.64] : L 3 16.9

I

|

|
Random-effects model 38.07 [22.46; 57.75] —_— 100.0
Heterogeneity: I = 99%, 7> < 0.0001, x* = 831.16 (p < 0.01) ' ' ' ' '

5 0 20 40 60 80
Female PBC point-prevalence rates in Europe
(a)
Study Population Prevalence 95% CI Weight (%)
Rautiainen, 2007 (Finland) 1486094 5.45 [4.33; 6.77] : 25.7
Baldursdottir, 2012 (Iceland) 158815 11.96 [7.20; 18.68] :+ 22.3
Lleo, 2016 (Denmark) 2767369 347 [2.81;4.24] ! 25.9
Sebode, 2020 (Germany) 4050000 12.40 [11.33; 13.53] : 26.0
|
Random-effects model 7.66 [3.26; 13.88] - 100.0
Heterogeneity: I2 = 9%, 72 < 0.0001, y* = 196.23 (p < 0.01) ' ' ' ' '
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Male PBC point-prevalence rates in Europe

(b)

FIGURE 6: (a) Female PBC point-prevalence rates in Europe. (b) Male PBC point-prevalence rates in Europe.

did not analyse the association of these factors and the
incidence or prevalence of PBC.

The employment of different case-finding methods may
result in different reported rates. We found that both the
prevalence (24.54, 95% CI: 16.98-33.49) and the incidence
rate (2.15, 95% CI: 1.48-2.94) were higher in studies that
reported at least two case-finding methods when compared
to studies that did not report any case-finding method or
reported only one (prevalence rate: 21.07, 95% CI:
15.66-27.27; incidence rate: 1.63, 95% CI: 1.17-2.16).
However, this subgroup analysis did not explain the pres-
ence of heterogeneity.

The incidence was relatively stable during the last couple
of years. The prevalence, on the other hand, steadily in-
creased [7, 24, 25]. We will try to provide a simple expla-
nation for this phenomenon. (1) Nowadays, awareness about
PBC is getting better and diagnostic examinations are more
accessible than they were in the past. (2) Advances in
pharmacotherapy have resulted in lower liver-related
mortality.

Few studies reported a north-south, north-west, or
south-east prevalence gradient [23, 29]. Analysing choro-
pleth maps, we did not confirm the existence of such a
gradient on the European scale. We did, however, identify a
lower incidence and prevalence rate of PBC in former
communist states [23, 25] when compared to other Euro-
pean countries. We can explain this phenomenon by the
worse awareness of PBC among local physicians. Likewise,
Drazilova et al. described significant differences in PBC

prevalence among neighbouring counties in Eastern Slo-
vakia [25]. However, even in postcommunist countries, the
prevalence is still rising [25].

The European Union, the United Kingdom, Switzer-
land, and Norway altogether have approximately 527
million inhabitants. When extrapolating from the pooled
prevalence rate, roughly 115,000 patients should be di-
agnosed with PBC in these countries. However, the true
number of cases would be significantly higher because a
substantial portion of PBC patients, specifically patients
with the asymptomatic clinical course, remains undiag-
nosed. According to one report, approximately one in
1,000 women could be suffering from PBC [30]. Inter-
estingly, we described an even higher prevalence in two
counties of eastern Slovakia (10% of counties), even
though the overall PBC prevalence in eastern Slovakia was
severalfold lower [25]. Ursodeoxycholic acid is the first-
line treatment and is well accessible in the European Union
[1]. Approximately 70% of patients respond partially or
even completely according to the Toronto criteria [25]. The
first-line treatment reduces liver-related mortality by
about 50% [7]. The only second-line treatment approved
by the European Medicines Agency (EMA) for the
treatment of PBC is obeticholic acid (OCA), although
reports on the effect of bezafibrate are promising as well
[31, 32]. OCA is an expensive treatment, and good
knowledge of the epidemiological situation can help es-
timate the cost of such a treatment on a country-wide scale.
The systematic mapping of both the incidence and
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FIGURrE 7: Choropleth map of annual PBC incidence rates in Europe.
Study Population  Period (years) Incidence 95% CI Weight (%)
T
Rautiainen, 2007 (Finland) 2972189 1 1.68 [1.25;2.22] —.I— 6.4
Pla, 2007 (Spain) 389758 13 1.72 [1.38;2.12] —q— 6.6
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McNally, 2014 (England) 2050000 9 4.50 [4.20; 4.82] : = 6.9
Heetun, 2015 (Ireland) 500000 13 1.40 [1.13; 1.72] -I—: 6.7
Lleo, 2016 (Denmark) 5534738 10 1.14 [1.05; 1.23] | 6.9
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Madir, 2019 (Coastal croatia) 296195 12 0.87 [0.59; 1.24] - | 6.5
Marzioni, 2019 (Italy) 1204216 1 5.23 [4.02; 6.69] : —a— 5.7
Marschall, 2019 (Sweden) 8065261 28 2.60 [2.53;2.67] i 7.0
Drazilova, 2020 (Slovakia) 1600000 5 1.20 [0.97; 1.47] =/ | 6.7
|
|
Random-effects model 1.87 [1.46;2.34] - 100.0
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FiGure 8: Annual PBC incidence rates in Europe.
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FIGURE 9: Funnel plot of annual PBC incidence rates in Europe.
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F1GURE 10: Subgroup analyses of annual PBC incidence rates. (a) Diagnostic criteria. (b) Case-finding methods. (c) Underlying population.
(d) Former Eastern/Western Bloc.

prevalence of PBC in the European population is the main
advantage of this study. The main limitation of this study is
significant between-study heterogeneity. However, we

cannot confirm that this heterogeneity is due to either
different case-finding methods, diagnostic criteria, or
underlying populations.
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Study Population  Period (years) Incidence 95% CI Weight (%)
T
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Study Population  Period (years) Incidence 95% CI Weight (%)
I
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Ficure 11: (a) Annual female PBC incidence rates in Europe. (b) Annual male PBC incidence rates in Europe.

5. Conclusion

We describe the incidence and prevalence of PBC in
European countries. The true prevalence is probably
higher than the reported prevalence, because asymp-
tomatic patients are frequently undiagnosed. Improving
awareness of PBC among physicians will catalyse a more
effective diagnostic process and will thus result in a
higher prevalence of PBC in the European population.
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