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Evolving Trends in Female to Male 
Incidence and Male Mortality of 
Primary Biliary Cholangitis
Ana Lleo1, Peter Jepsen2,3, Emanuela Morenghi4, Marco Carbone1, Luca Moroni5, 
Pier Maria Battezzati6, Mauro Podda1, Ian R. Mackay7, M. Eric Gershwin8 & 
Pietro Invernizzi1,8,9

Primary biliary cholangitis (PBC) has been regarded as female-predominant without evidence of gender 
difference in survival. We aimed to compare the overall survival, incidence and prevalence of PBC in two 
well defined population-based studies over a recent decade, considering also sex ratios and mortality. 
We have taken advantage of population-wide records, during 2000–2009, in Lombardia, Northern Italy, 
and Denmark. We focused on the incident cases of PBC, including gender and outcome, among 9.7 
million inhabitants of Lombardia and 5.5 million of Denmark. In Lombardia there were 2,970 PBC cases 
with a female:male ratio of 2.3:1. The age/sex-adjusted annual incidence of PBC was 16.7 per million. 
Point prevalence was 160 per million on January 1st 2009. In Denmark there were 722 cases of incident 
PBC, female:male ratio was 4.2:1, and the annual incidence was 11.4 per million, a point prevalence 
of 115 per million in 2009. Cox regression multivariate analysis identified male sex as an independent 
predictor of all-cause mortality in both Italian (HR 2.36) and Danish population (HR 3.04). Our data 
indicate for PBC a sex ratio significantly lower than previously cited, a reversal of the usual latitudinal 
difference in prevalence and a surprisingly higher overall mortality for male patients.

Autoimmune diseases include more than 70 different conditions affecting approximately 5% of the population 
of developed countries1; they are a major health problem and can greatly impair the quality of life of affected 
subjects. Primary biliary cholangitis (PBC), until recently known as Primary Biliary Cirrhosis2–9, is considered 
a model autoimmune disease because of the homogeneity among patients and the high disease specificity of 
the accompanying anti-mitochondrial and antinuclear antibodies (AMA, ANA); there has been an enormous 
effort in studying PBC in both humans and murine models10–23. The pathogenesis of PBC remains enigmatic 
despite the well-established influence of environmental and genetic factors and including extensive immunologi-
cal data11,23–30. Reliable epidemiological data could suggest clues to etiology by identifying environmental factors, 
which initiate the disease in predisposed individuals. According to earlier data24,31,32 PBC is considered a disease 
predominantly affecting women with female:male (F:M) ratios of up to 10:1 and is therefore a prime example of 
the characteristic sexual dimorphism in autoimmunity. There is a wide variation among studies of incidence and 
prevalence rates, with rates increasing over time29,32,33. Thus the annual incidence and prevalence rates of PBC 
per 100,000 inhabitants have ranged from 0.33–5.8 per 100,000 and 1.91–40.2, respectively34; attributed to ethnic 
differences in study populations, methods, and case ascertainment. Most epidemiological studies are performed 
in developed countries. True population-based studies are scarce, and studies based on case finding are subject 
to obvious shortcomings which pertain also for other autoimmune diseases35. Indeed, there have been multiple 
attempts to understand the female predominance in a variety of autoimmune and inflammatory diseases36–38.
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Administrative databases are an alternative data source that should overcome some of the weaknesses evident 
in previous studies39,40 and herein we assess data derived from two such databases, for Lombardia, Italy and for 
Denmark, regions located at latitudinal extremes of continental Europe. Thus we aimed to compare the overall 
mortality, incidence and prevalence of PBC in two well-defined population-based studies over a recent decade, 
2000–2009, considering also sex ratios and mortality. Lombardia, is a Northern Italian province with a population 
of some 9.7 million, Denmark counts nearly 5.5 million inhabitants.

Patients and Methods
Data sources and study population.  Two databases were used to identify subjects with PBC and retrieve 
data, the administrative database of the inpatient population in Lombardia, a Northern Italian province with a 
population of 9.7 million, and Denmark with a population of about 5.5 million, using the Danish National Patient 
Registry.

Lombardia accommodates 191 health facilities, including 29 public academic and community hospitals, 
records over 150 million out-patient visits and provides over 2 million hospital admissions annually. The adminis-
trative database contains information on all patients discharged from any hospital in the region, and includes sex, 
date of birth, discharge diagnoses based on the WHO International Classification of Diseases 9th Edition, Clinical 
Modification (ICD-9-CM)41, dates of hospitalization and discharge, and date and cause of death for patients 
who died in hospital; data were recorded since 2000. Moreover, all Italian citizens enjoy universal, tax-financed 
healthcare, enabling access to diagnostic and therapeutic procedures in public hospitals after the charge of a 
co-payment; subjects affected by chronic diseases, including PBC, can obtain a disease-specific exemption code 
that frees them from the co-payment. Given that the exemption code frees subjects affected by a chronic dis-
ease from the co-payment due for visits and procedures, the number of affected patients that do not request the 
exemption code is almost nil. Therefore, the exemption code was used in this study to supplement the inpatient 
registry since it allows identification of PBC patients that never required hospitalization. The study population 
included subjects over 20 years of age with “Biliary cirrhosis” (571.6) as the primary or secondary diagnosis 
between January 1st, 2000 and December 31st 2009. The date of PBC diagnosis was defined as the date on which 
patients received their first such diagnosis. Individual information from the register was linked to a serial number 
by a third party to preserve anonymity. We obtained dates of all cause of death only from in-hospital events since 
it was not possible to obtain them from the exemption code. Indeed, there is no updating of the exemption data 
due to death or emigration. Prevalence was calculated matching data from hospital access of PBC patients from 
2000 to 2009 and active exemption codes, since the exemption code allowed us to identify PBC patients that were 
not admitted into a hospital during the study time.

In order to compare our results with those for a different population and jurisdiction, and given that out-
patients are not included in the Lombardia administrative database, we accessed the Danish National Patient 
Registry and identified all Danish citizens diagnosed with PBC during 2000–2009. Denmark has a population 
of 5.5 million, and the Registry has recorded data from all admissions to Danish non-psychiatric hospitals since 
197742. We selected the same information as that included in the Lombardia study, however discharge diagnoses 
were based on ICD-8 in 1977–1993 and since 1994 on ICD-10. ‘Primary biliary cirrhosis’ was defined by the 
code K74.3 in ICD-10, so differing from ‘secondary biliary cirrhosis’ (K74.4) and ‘non-specific biliary cirrhosis’ 
(K74). The date of PBC diagnosis was defined as the date on which patients received their first PBC diagnosis, 
and patients diagnosed with PBC before 2000 were excluded. Dates of death were obtained from the Danish 
Central Office of Civil Registration System, which tracks the vital status of Danish residents and is continuously 
updated43.

Statistical analysis.  The incidence rate was defined and computed as the number of patients with a 
first-time diagnosis of PBC in a particular year divided by the total number of inhabitants at the beginning of 
that year. For Lombardia, we used a 4 year washout period (2000–2004) to avoid including prevalent cases due 
to the fact that data recording started in 2000, and determined a 6 year span time (from Jan 1st 2004 to Dec 31st 
2009) with no significant variation of the Standardized Incidence Ratio (SIR) (Poisson regression rate P =​ 0.15). 
The incidence rate for a range of years was obtained by summing the numerator and denominator for each year. 
All incidence rates were age-standardized to the WHO Standard Population41 with the direct standardization 
method and 95% confidence intervals (CI) based on the Poisson distribution. The prevalence was computed as 
the proportion of citizens with PBC divided by the total number of citizens at the beginning of each year, again 
standardized to the WHO Standard Population. We used the Kaplan-Meier method to estimate survival probabil-
ities, and we used Cox regression to estimate the mortality hazard ratio for men versus women adjusting for age 
at diagnosis and calendar year of diagnosis, both entered as continuous variables. Relative survival analysis was 
performed in order to estimate PBC patients’ survival with respect to that of the general population. The analysis 
was performed using public open access databases reporting general population all causes mortality, including 
separate data for sex and class of age. All statistical analyses were done using Stata statistical software 12.0 (Stata 
Corporation, College Station, TX, USA).

Results
Incidence, prevalence, and female:male ratio.  On Jan 1st 2010 there were 9,742,676 registered resi-
dents in Lombardia. Among these, the PBC cohort comprised 2,970 patients of whom 2,073 (69.8%) were female. 
The mean age at diagnosis was 61.7 (95% CI 61.5–62.7), with a slight, but statistically significant, difference 
between males (60.8 years) and females (62.1 years). A 2.3:1 F:M ratio was observed for this PBC cohort. In 
Denmark, among 5,534,738 residents, there were 722 PBC cases identified, 584 females and 138 males in the 
10-year observation time with the F:M ratio being 4.2:1. The mean age at diagnosis was 60.7 years, 59.3 in males 
and 61.1 in females.
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SIRs of PBC for Lombardia, standardized on a WHO Standard Population41, was 16.7 per million/year during 
2004–2009, compared to 11.4 million/year in Denmark (Table 1A). However the trend between both popula-
tions was not homogeneous as confirmed by the regression model applied (Lombardia Poisson regression rate 
p <​ 0.0005, Denmark Poisson regression rate p =​ 0.48) (Fig. 1A). We hypothesize that, since no administrative 
data in Lombardia were available before 2000, in the first years after 2000 there would be a mix of truly incident 
patients and patients who were in fact diagnosed with PBC before 2000. We therefore assume a 4-year washout 
was needed in order to avoid SIR overestimation and determined a six-year span time (from Jan 1st 2004 to Dec 
31st 2009) with no significant variation of SIR (p =​ 0.15) (Fig. 1B). The sex-specific SIR shows that the F:M ratio 
remained constant over the studied decade in both Lombardia and Denmark (data not shown).

A 

LOMBARDIA DENMARK

Year Female Male Total (95% CI) Year Female Male Total (95% CI)

2000 55.4 21.9 39.1 (35.5–42.7) 2000 17.6 3.5 10.7 (8.0–13.4)

2001 41.0 20.4 31.1 (27.9–34.3) 2001 18.2 5.5 12.1 (9.3–14.9)

2002 34.1 17.2 26.4 (23.4–29.3) 2002 19.5 4.6 12.3 (9.5–15.1)

2003 30.5 16.3 23.9 (21.0–26.7) 2003 21.9 4.4 13.4 (10.5–10.5)

2004 25.7 13.1 19.5 (17.0–22.0) 2004 20.0 6.2 13.1 (10.3–16.0)

2005 21.7 12.8 17.5 (15.2–20.2) 2005 18.2 5.9 12.2 (9.5–14.9)

2006 27.9 11.4 20.4 (17.7–23.1) 2006 16.3 5.1 10.9 (8.3–13.6)

2007 21.1 9.8 16.2 (13.8–18.6) 2007 14.2 3.3 8.4 (6.5–11.2)

2008 18.7 9.1 14.1 (12.0–16.2) 2008 18.7 4.3 11.7 (9.1–14.4)

2009 16.1 8.3 12.6 (10.5–14.7) 2009 13.3 4.9 9.1 (6.8–11.4)

2004–09 21.9 10.7 16.7 (14.4–19.1) 2000–09 17.7 4.7 11.4 (10.6–12.3)

B

2000 52 19 36 (33–40) 174 33 107 (99–115)

2001 90 32 62 (57–66) 178 31 108 (100–116)

2002 119 44 82 (77–88) 178 33 109 (101–117)

2003 143 56 100 (94–106) 184 35 113 (104–121)

2004 162 61 113 (106–119) 191 34 116 (108–125)

2005 177 66 123 (117–129) 197 35 120 (111–128)

2006 199 70 136 (129–143) 197 37 120 (112–129)

2007 213 74 146 (139–153) 200 35 121 (112–129)

2008 226 77 154 (146–161) 198 36 120 (112–129)

2009 234 81 160 (152–167) 203 35 122 (114–131)

2000–2009 162 58 111 (109–113) 190 34 115 (113–118)

Table 1.   (A) Standardized incidence rate in Lombardia and Denmark. For Lombardia, we used a 4 year 
washout period (2000–2004) to avoid including prevalent cases and determined a 6 year span time (from Jan 
1st 2004 to Dec 31st 2009) with no significant variation of the Standardized Incidence Ratio (SIR). (B) Point 
prevalence of PBC in Lombardia and Denmark from 2000 to 2009.

Figure 1.  Standard incidence rate in Lombardia and Denmark. (A) the trend between both populations was 
not homogeneous as confirmed by the regression model applied (Lombardia Poisson regression rate P <​ 0.0005, 
Denmark Poisson regression rate P =​ 0.48). (B) We therefore assume a 4-year washout in order to avoid SIR 
overestimation and determined a six year span time (from Jan 1st 2004 to Dec 31st 2009) with no significant 
variation of SIR (P =​ 0.15).
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The mean point prevalence of PBC in Lombardia in 2009 was 160 cases per million (234 female, 81 male) 
Table 1B. The prevalence in 2009 seems to be the most reliable one for Lombardia since the rate did not reach a 
plateau during the follow-up period (Fig. 2). Indeed, whereas point prevalence remains constant during the study 
time in Denmark (Poisson P =​ 0.12), it increases from 2000 to 2009 (P <​ 0.0005) (Fig. 2A,B). Such dynamics 
seem to be related to the method in use for diagnosis identification. In Lombardia a diagnosis of PBC was made 
at admission to the hospital starting from 2000 whereas Danish registries recorded a prevalent diagnosis even if it 
was made before 2000. In order to avoid this limitation we put together the exemption code registry in Lombardia 
and the inpatient registry data, eliminate duplicates, and calculated the point prevalence in 2010 which was 295 
cases per million (486 female, 159 male)

Survival and prognostic factors: males fare badly/do worse.  2,970 incident PBC cases in Lombardia 
were observed for a mean follow-up of 4.8 years, and 14,446 person-year from PBC diagnosis. The 1, 5 and 10 year 
survival rate estimation was respectively 86% (CI 85–87%), 70% (CI 69–72%) and 61% (CI 59–64%) (Fig. 3A). 
The sex specific survival at 1, 5 and 10 years was significantly higher for females (n =​ 2,073), respectively 89% (CI 
88–91%), 77% (CI 75–78%) and 67% (CI 65–70%) than for males (n =​ 897), respectively 78% (CI 75–80%), 55% 
(CI 52–59%) and 47% (CI 43–51%) (Fig. 3B). In Denmark a survival analysis was done by following 722 incident 
cases for 2,780 person-years from PBC diagnosis, with an mean follow up of 3.9 years. Survival rate estimates, at 
1, 5 and 10 years, were similar to those observed in Lombardia, respectively 87% (CI 84–89%), 67% (CI 63–71%) 
and 54% (CI 48–60%) (Fig. 3C). The sex specific survival rate in Denmark resembled the higher mortality in 
men with PBC observed in Lombardia since, in Denmark, survival of females at 1, 5 and 10 years was 90% (IC 
87–92%), 73% (CI 69–77%) and 60% (CI 53–67%) and in males, 72% (CI 63–79%), 42% (CI 32–51%) and 27% 
(CI 14–43%) (Fig. 3D). Most importantly the relative survival analysis demonstrated that the higher mortality in 
men with PBC was independent of the higher male mortality in the general population (Fig. 4).

Using the Cox proportional hazard model, including sex, age at diagnosis and year of diagnosis (Table 2), 
male sex was associated with a higher risk of all-causes death for both populations: Hazard Ratio (HR) 2.36 in 
Lombardia, and 3.04 in Denmark.

Figure 2.  PBC point prevalence in Lombardia and Denmark from 2000 to 2009. The figure shows that 
whereas point prevalence remains constant during the study time in Denmark (Poisson P =​ 0.12), it increases 
from 2000 to 2009 (P <​ 0.0005) (A,B). This dynamics is observed in both male and females (A).
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Discussion
In the present study we report the epidemiology and natural history of PBC for two populations, Lombardia and 
Denmark, reflecting two diverse latitudes of continental Europe. Our findings include a significantly lower than 

Figure 3.  Survival and sex specific survival from diagnosis in Lombardia (A,B) and Denmark (C,D). The figure 
shows higher mortality of PBC male patients in both populations. CI of 95%.

Figure 4.  Relative survival rates (RSR) for PBC, by sex in both Lombardian and Danish population. The 
figure shows lower RSR of PBC male patients in both populations, all the groups show RSR <​ 1. Bands indicate 
95% CI.

Factor

LOMBARDIA DENMARK

Hazard Ratio (95% CI) Hazard Ratio (95% CI)

Male sex 2.36 (2.08–2.69) 3.04 (2.31–4.01)

Age at diagnosis 1.06 (1.06–1.07) 1.07 (1.06–1.08)

Year of diagnosis 1.29 (1.24–1.34) 1.19 (1.11–1.29)

Table 2.   Cox regression model for predictors of mortality in PBC (2000–2009).
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hitherto cited F:M ratio for both the Italian and Danish populations, a probable decrease in incidence over time 
(particularly for Lombardia), a lack of any latitudinal prevalence gradient, and a surprisingly higher overall mor-
tality for male than female PBC patients for both populations.

One strength of our study is the use of population-based databases, which obviates the selection bias inherent 
in studies restricted to just a single or a few health facilities or reference centers. The use of administrative data has 
been well validated for the Danish model, ensuring registration of any event within the health system of defined 
geographical boundaries40.

Previous epidemiological research on PBC, mainly European, has reported incidence rates ranging from 2 to 
49 cases per million/year and prevalence of between 19 and 402 cases per million (Table 3)32; our data fit within 
the wide range reported and are significantly different among them. Of note, our data showed that the trend 
between both populations was not homogeneous with an apparent decrease in incidence over time especially 
in Lombardia. We hypothesize that, since no administrative data in Lombardia were available before 2000, in 
the first years after 2000 there would be a mix of truly incident patients and patients who were in fact diagnosed 
with PBC before 2000. Indeed, assuming a 4-year washout was needed in order to avoid SIR overestimation, no 
significant variation of SIR was determined.

On the other side, the much larger number of diagnoses of PBC in Lombardia may be explicable by a height-
ened awareness of physicians to liver diseases since, in Italy as in other Mediterranean countries, there is a higher 
prevalence of viral hepatitis. Moreover, the heterogeneity of epidemiological data can be the result of demo-
graphic changes, increasing survival, earlier diagnosis, improved treatment and greater recognition of the disease 
by physicians and patients32. Furthermore, the diagnostic rate of PBC may have overall increased during these 
years.

The ratio of females to males with PBC in Lombardia was 2.3:1, lower than that observed in Denmark 
(4.2:1); however, in both cohorts the female:male ratio was far lower than any other sex ratio previously reported 
(Table 3). Of note, two other large epidemiological studies based on administrative data demonstrate a higher 
than expected presence of male PBC patients (Table 4)44,45. One of these is a recent paper comprising data from 
33 different autoimmune disease patients from administrative databases in Sweden44. The authors included 2,852 
PBC patients, 1,080 of which were male, showing a female: male ratio of 1.6:1, in accordance with the trend 
revealed by our data and other population based studies45. Data obtained from reference centers demonstrate 
that prevalence is strongly biased to females (9:1), possibly influenced by the greater use by women of medical 
check-ups in highly specialized centers. The present analysis of population-wide registers, however, reflects a 
muted difference in the frequency of PBC between the sexes more in conformity with that seen in other autoim-
mune diseases.

Importantly, besides the differences in incidence and prevalence in Northern Italy and Denmark, the rela-
tively higher mortality in male PBC patients was consistent in both datasets. Indeed, male sex was confirmed to 

Area Year
Patients 

(n)
Prevalence (per 

106)
Incidence 
(106/year)

Age 
(years)

Sex rate 
(F:M)

Europe50 1984 569 23 54 54 10:1

Sweden51 1985 111 151 13,3 55 6:1

Newcastle, UK52 1989 347 154 19 58 9:1

Ontario, Canada53 1990 225 22 3,3 59 13:1

Estonia54 1995 69 27 2,3 – 22

Newcastle, UK55 1997 160 240 22 66 10:1

Norway56 1998 21 146 16 – 9:1

Minnesota, USA57 2000 46 402 27 – 8:1

Newcastle, UK58 2001 770 251 31 – 10:1

Victoria, Australia59 2004 249 51 – 61 9:1

Japan60 2005 9761 78 – – 9:1

Canada45 2009 137 227 30 53 5:1

Denmark 2011 722 115 11.2 61 4.2:1

Lombardia 2011 2970 160 16.7 62 2.3:1

Table 3.   Epidemiological studies on PBC.

Area
Years 

(range)
Subjects 
included

Sex rate 
(F:M) Ref.

Canada 1996–2002 1,100,000 4.8:1 45

Sweden 1964–2008 535,538 1.6:1 44

Denmark 2000–2009 5,500,000 4.2:1 –

Lombardy (Italy) 2000–2009 9,700,000 2.3:1 –

Table 4.   Population based epidemiological studies demonstrating high female:male ratio in PBC. Two 
large epidemiological data sets are compared to the data obtained from administrative data in Lombardy (Italy) 
and Denmark and reported in the present study.
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be an independent predictor of all-cause mortality in both populations. This finding has been reported once46, 
but has not been generally replicated47,48; however, the Canadian epidemiological study45 did report male sex as 
an independent predictor of mortality (HR 5.06). Several hypotheses can be offered for the causes of increased 
male mortality, including lack of compliance, additional environmental exposures and unknown sex factors that 
may modulate immunity. Thus, Carbone et al. in a recent study from UK, showed that men were significantly less 
likely to have responded to ursodeoxycholic acid (UDCA) than women; male sex was an independent predictor 
of nonresponse on multivariate analysis49. Moreover, Carbone and colleagues reported than men were less likely 
to be symptomatic, which may be a cause of delay in diagnosis49. Unfortunately no data regarding symptoms, use 
of UDCA and adherence to therapy were available in our database; similarly no clinical data were available in our 
database that would have helped to ascertain whether liver-related deaths were more frequent. We used the need 
for liver transplant as a surrogate endpoint for liver related death, but only 39 PBC patients in Demark and 58 in 
Lombardia were transplanted during the decade of study, suggesting that there was no association.

Our study has some weaknesses that could, at least in part, explain the reported differences between the two 
included populations. First, the diagnosis code used in Lombardia (ICD-9-CM 571.6) identifies cases of biliary 
cirrhosis including therefore cases of secondary biliary cirrhosis. Unfortunately, with ICD-9 secondary biliary 
disease that cannot be excluded, which reduces the specificity and may explain the higher number of cases of PBC 
reported in Lombardia. Of note, primary sclerosing cholangitis (PSC) has its own code in the Italian system and, 
therefore, no PSC patients were included. Second, a non-coded diagnosis of PBC at release from the hospital, as 
well as among outpatients with no exemption code would not be identified in the Italian database whereas the 
Denmark Registry does include that information. Third we obtained dates of death only from in-hospital events 
since it was not possible to obtain these from the exemption code. This will probably lead to underestimation of 
overall mortality, however it will not change the male: female ratio.

In conclusion, our population studies based on disease registers questions some long-held beliefs on determi-
nants of PBC. Females, although more frequently affected by PBC, seem to have a better outcome. Our findings 
clearly define an important clinical message for the hepatologist: male PBC patients have higher mortality than 
their female counterparts, such that close clinical follow-up and checking adherence to therapy are strongly rec-
ommended. In addition, a steadily increasing prevalence in Lombardia points to possible unsuspected environ-
mental effects in causation, at least in that population, although biased estimation due to factors like increasing 
awareness of the disease or increasing hospitalization of patients cannot be excluded. Finally, the cause(s) of 
increased male mortality in PBC calls for a larger and prospective study and should be addressed in the future 
with well-designed observational trials.

References
1.	 Whitacre, C. C. Sex differences in autoimmune disease. Nat Immunol 2, 777–780 (2001).
2.	 Beuers, U. et al. Changing nomenclature for PBC: From ‘cirrhosis’ to ‘cholangitis’. Hepatology 62, 1620–1622 (2015).
3.	 Beuers, U. et al. Changing Nomenclature for PBC: From ‘Cirrhosis’ to ‘Cholangitis’. Gastroenterology 149, 1627–1629 (2015).
4.	 Beuers, U. et al. Changing nomenclature for PBC: from ‘cirrhosis’ to ‘cholangitis’. Gut 64, 1671–1672 (2015).
5.	 Beuers, U. et al. Changing nomenclature for PBC: From ‘cirrhosis’ to ‘cholangitis’. J Hepatol 63, 1285–1287 (2015).
6.	 Beuers, U. et al. Changing Nomenclature for PBC: From ‘Cirrhosis’ to ‘Cholangitis’. Clin Gastroenterol Hepatol 13, 1867–1869 (2015).
7.	 Beuers, U. et al. Changing Nomenclature for PBC: From ‘Cirrhosis’ to ‘Cholangitis’. Am J Gastroenterol 110, 1536–8 (2015).
8.	 Beuers, U. et al. Changing nomenclature for PBC: From ‘cirrhosis’ to ‘cholangitis’. Clin Res Hepatol Gastroenterol 39, e57–59 (2015).
9.	 Beuers, U. et al. Changing nomenclature for PBC: From ‘cirrhosis’ to ‘cholangitis’. Dig Liver Dis 47, 924–926 (2015).

10.	 Katsumi, T. et al. Animal models of primary biliary cirrhosis. Clin Rev Allergy Immunol 48, 142–153 (2015).
11.	 Cordell, H. J. et al. International genome-wide meta-analysis identifies new primary biliary cirrhosis risk loci and targetable 

pathogenic pathways. Nat Commun 6, 8019 (2015).
12.	 Li, Y. et al. Chemokine (C-X-C motif) ligand 13 promotes intrahepatic chemokine (C-X-C motif) receptor 5+​ lymphocyte homing 

and aberrant B-cell immune responses in primary biliary cirrhosis. Hepatology 61, 1998–2007 (2015).
13.	 Yao, Y. et al. Distinct from its canonical effects, deletion of IL-12p40 induces cholangitis and fibrosis in interleukin-2Ralpha(−​/−​) 

mice. J Autoimmun 51, 99–108 (2014).
14.	 Shimoda, S. et al. Natural killer cells regulate T cell immune responses in primary biliary cirrhosis. Hepatology 62, 1817–1827 

(2015).
15.	 Beuers, U. & Gershwin, M. E. Unmet challenges in immune-mediated hepatobiliary diseases. Clin Rev Allergy Immunol 48, 127–131 

(2015).
16.	 Wang, L. et al. CXCR5+​ CD4+​T follicular helper cells participate in the pathogenesis of primary biliary cirrhosis. Hepatology 61, 

627–638 (2015).
17.	 Wang, Y. H. et al. Systems biologic analysis of T regulatory cells genetic pathways in murine primary biliary cirrhosis. J Autoimmun 

59, 26–37 (2015).
18.	 Yang, F. et al. The Natural History and Prognosis of Primary Biliary Cirrhosis with Clinical Features of Autoimmune Hepatitis. Clin 

Rev Allergy Immunol 50, 114–123 (2015).
19.	 Yang, J. B. et al. Successful treatment of murine autoimmune cholangitis by parabiosis: Implications for hematopoietic therapy.  

J Autoimmun 66, 108–117 (2015).
20.	 Lammers, W. J. et al. Development and Validation of a Scoring System to Predict Outcomes of Patients With Primary Biliary 

Cirrhosis Receiving Ursodeoxycholic Acid Therapy. Gastroenterology 149(7), 1804–1812 (2015).
21.	 Sun, Y. et al. Women and primary biliary cirrhosis. Clin Rev Allergy Immunol 48, 285–300 (2015).
22.	 Trivedi, P. J. et al. Stratification of hepatocellular carcinoma risk in primary biliary cirrhosis: a multicentre international study. Gut 

65, 321–9 (2016).
23.	 Hirschfield, G. M., Heathcote, E. J. & Gershwin, M. E. Pathogenesis of cholestatic liver disease and therapeutic approaches. 

Gastroenterology 139, 1481–1496 (2010).
24.	 Invernizzi, P. Geoepidemiology of autoimmune liver diseases. J Autoimmun 34, J300–306 (2010).
25.	 Invernizzi, P. Liver auto-immunology: The paradox of autoimmunity in a tolerogenic organ. J Autoimmun 46, 1–6 (2013).
26.	 Leung, P. S. et al. Environment and primary biliary cirrhosis: electrophilic drugs and the induction of AMA. J Autoimmun 41, 79–86 

(2013).
27.	 Mells, G. F., Kaser, A. & Karlsen, T. H. Novel insights into autoimmune liver diseases provided by genome-wide association studies. 

J Autoimmun 46, 41–54 (2013).
28.	 Invernizzi, P. et al. Frequency of monosomy X in women with primary biliary cirrhosis. Lancet 363, 533–535 (2004).



www.nature.com/scientificreports/

8Scientific Reports | 6:25906 | DOI: 10.1038/srep25906

29.	 Zhang, H., Carbone, M., Lleo, A. & Invernizzi, P. Geoepidemiology, Genetic and Environmental Risk Factors for PBC. Dig Dis 33 
Suppl 2, 94–101 (2015).

30.	 Lleo, A. et al. DNA methylation profiling of the X chromosome reveals an aberrant demethylation on CXCR3 promoter in primary 
biliary cirrhosis. Clin Epigenetics 7, 61 (2015).

31.	 Kaplan, M. M. & Gershwin, M. E. Primary biliary cirrhosis. N Engl J Med 353, 1261–1273 (2005).
32.	 Podda, M., Selmi, C., Lleo, A., Moroni, L. & Invernizzi, P. The limitations and hidden gems of the epidemiology of primary biliary 

cirrhosis. J Autoimmun 46, 81–7 (2013).
33.	 Trivedi, P. J. et al. Stratification of hepatocellular carcinoma risk in primary biliary cirrhosis: a multicentre international study. Gut 

65, 321–329 (2016).
34.	 Boonstra, K., Beuers, U. & Ponsioen, C. Y. Epidemiology of primary sclerosing cholangitis and primary biliary cirrhosis: a systematic 

review. J Hepatol 56, 1181–1188 (2012).
35.	 Guillemin, F. Describing the epidemiology of rheumatic diseases: methodological aspects. Curr Opin Rheumatol 24, 187–192 

(2012).
36.	 Coit, P. et al. Epigenome profiling reveals significant DNA demethylation of interferon signature genes in lupus neutrophils. J 

Autoimmun 58, 59–66 (2015).
37.	 Hewagama, A. et al. Overexpression of X-linked genes in T cells from women with lupus. J Autoimmun 41, 60–71 (2013).
38.	 Badiola, N. et al. The proton-pump inhibitor lansoprazole enhances amyloid beta production. PLoS One 8, e58837 (2013).
39.	 Frank, L. Epidemiology. When an entire country is a cohort. Science 287, 2398–2399 (2000).
40.	 Frank, L. Epidemiology. The epidemiologist’s dream: Denmark. Science 301, 163 (2003).
41.	 Ahmad OEB-P, C. Age standardization of rates: a new WHO standard. In World Health Organization 2000 (Global Program on 

Evidence for Health Policy (GPE) discussion paper series., Geneva, Switzerland, 2000).
42.	 Andersen, T. F., Madsen, M., Jorgensen, J., Mellemkjoer, L. & Olsen, J. H. The Danish National Hospital Register. A valuable source 

of data for modern health sciences. Dan Med Bull 46, 263–268 (1999).
43.	 Pedersen, C. B., Gotzsche, H., Moller, J. O. & Mortensen, P. B. The Danish Civil Registration System. A cohort of eight million 

persons. Dan Med Bull 53, 441–449 (2006).
44.	 Zoller, B., Li, X., Sundquist, J. & Sundquist, K. Risk of pulmonary embolism in patients with autoimmune disorders: a nationwide 

follow-up study from Sweden. Lancet 379, 244–249 (2012).
45.	 Myers, R. P. et al. Epidemiology and natural history of primary biliary cirrhosis in a Canadian health region: a population-based 

study. Hepatology 50, 1884–1892 (2009).
46.	 ter Borg, P. C., Schalm, S. W., Hansen, B. E. & van Buuren, H. R. Prognosis of ursodeoxycholic Acid-treated patients with primary 

biliary cirrhosis. Results of a 10-yr cohort study involving 297 patients. Am J Gastroenterol 101, 2044–2050 (2006).
47.	 Pares, A., Caballeria, L. & Rodes, J. Excellent long-term survival in patients with primary biliary cirrhosis and biochemical response 

to ursodeoxycholic Acid. Gastroenterology 130, 715–720 (2006).
48.	 Prince, M., Chetwynd, A., Newman, W., Metcalf, J. V. & James, O. F. Survival and symptom progression in a geographically based 

cohort of patients with primary biliary cirrhosis: follow-up for up to 28 years. Gastroenterology 123, 1044–1051 (2002).
49.	 Carbone, M. et al. Sex and age are determinants of the clinical phenotype of primary biliary cirrhosis and response to 

ursodeoxycholic acid. Gastroenterology 144, 560–569 e567, quiz e513-564 (2013).
50.	 Triger, D. R., Berg, P. A. & Rodes, J. Epidemiology of primary biliary cirrhosis. Liver 4, 195–200 (1984).
51.	 Lofgren, J., Jarnerot, G., Danielsson, D. & Hemdal, I. Incidence and prevalence of primary biliary cirrhosis in a defined population 

in Sweden. Scand J Gastroenterol 20, 647–650 (1985).
52.	 Myszor, M. & James, O. F. The epidemiology of primary biliary cirrhosis in north-east England: an increasingly common disease? Q 

J Med 75, 377–385 (1990).
53.	 Witt-Sullivan, H. et al. The demography of primary biliary cirrhosis in Ontario, Canada. Hepatology 12, 98–105 (1990).
54.	 Remmel, T., Remmel, H., Uibo, R. & Salupere, V. Primary biliary cirrhosis in Estonia. With special reference to incidence, 

prevalence, clinical features, and outcome. Scand J Gastroenterol 30, 367–371 (1995).
55.	 Metcalf, J. V., Bhopal, R. S., Gray, J., Howel, D. & James, O. F. Incidence and prevalence of primary biliary cirrhosis in the city of 

Newcastle upon Tyne, England. Int J Epidemiol 26, 830–836 (1997).
56.	 Boberg, K. M. et al. Incidence and prevalence of primary biliary cirrhosis, primary sclerosing cholangitis, and autoimmune hepatitis 

in a Norwegian population. Scand J Gastroenterol 33, 99–103 (1998).
57.	 Kim, W. R. et al. Epidemiology and natural history of primary biliary cirrhosis in a US community. Gastroenterology 119, 1631–1636 

(2000).
58.	 Prince, M. I. et al. The geographical distribution of primary biliary cirrhosis in a well-defined cohort. Hepatology 34, 1083–1088 

(2001).
59.	 Sood, S., Gow, P. J., Christie, J. M. & Angus, P. W. Epidemiology of primary biliary cirrhosis in Victoria, Australia: high prevalence 

in migrant populations. Gastroenterology 127, 470–475 (2004).
60.	 Sakauchi, F., Mori, M., Zeniya, M. & Toda, G. A cross-sectional study of primary biliary cirrhosis in Japan: utilization of clinical data 

when patients applied to receive public financial aid. J Epidemiol 15, 24–28 (2005).

Author Contributions
A.L., P.J. and P.I.: study concept and design; P.J., L.M. and M.C.: acquisition of data; A.L., P.J., L.M., E.M., P.M.B. 
and P.I.: analysis and interpretation of data; A.L. and P.J.: drafting of the manuscript; P.I., M.E.G., M.P., I.M. and 
P.M.B.: critical revision of the manuscript for important intellectual content; P.J., E.M., L.M. and P.M.B.: statistical 
analysis; P.I., M.E.G. and P.J.: obtained funding. All authors have revised the paper and given final approval of the 
present version to be published

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Lleo, A. et al. Evolving Trends in Female to Male Incidence and Male Mortality of 
Primary Biliary Cholangitis. Sci. Rep. 6, 25906; doi: 10.1038/srep25906 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	Evolving Trends in Female to Male Incidence and Male Mortality of Primary Biliary Cholangitis

	Patients and Methods

	Data sources and study population. 
	Statistical analysis. 

	Results

	Incidence, prevalence, and female:male ratio. 
	Survival and prognostic factors: males fare badly/do worse. 

	Discussion

	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Standard incidence rate in Lombardia and Denmark.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ PBC point prevalence in Lombardia and Denmark from 2000 to 2009.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Survival and sex specific survival from diagnosis in Lombardia (A,B) and Denmark (C,D).
	﻿Figure 4﻿﻿.﻿﻿ ﻿ Relative survival rates (RSR) for PBC, by sex in both Lombardian and Danish population.
	﻿Table 1﻿﻿. ﻿  (A) Standardized incidence rate in Lombardia and Denmark.
	﻿Table 2﻿﻿. ﻿  Cox regression model for predictors of mortality in PBC (2000–2009).
	﻿Table 3﻿﻿. ﻿  Epidemiological studies on PBC.
	﻿Table 4﻿﻿. ﻿  Population based epidemiological studies demonstrating high female:male ratio in PBC.



 
    
       
          application/pdf
          
             
                Evolving Trends in Female to Male Incidence and Male Mortality of Primary Biliary Cholangitis
            
         
          
             
                srep ,  (2016). doi:10.1038/srep25906
            
         
          
             
                Ana Lleo
                Peter Jepsen
                Emanuela Morenghi
                Marco Carbone
                Luca Moroni
                Pier Maria Battezzati
                Mauro Podda
                Ian R. Mackay
                M. Eric Gershwin
                Pietro Invernizzi
            
         
          doi:10.1038/srep25906
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep25906
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep25906
            
         
      
       
          
          
          
             
                doi:10.1038/srep25906
            
         
          
             
                srep ,  (2016). doi:10.1038/srep25906
            
         
          
          
      
       
       
          True
      
   




