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A B S T R A C T

Background: Sparse population-based data are available on the prevalence and etiology of chronic liver disease
(CLD) in Italy. The study aims to assess the role of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection in
CLD according to age, gender and ethnicity.
Methods: Clinically diagnosed CLD in the general population aged 20–59 years in the Veneto Region (North-
Eastern Italy) were identified through the Adjusted Clinical Groups System, by record linkage of the archive of
subjects enrolled in the Regional Health System with Hospital Discharge Records, Emergency Room visits,
Chronic disease registry for copayment exemptions, and the Home care database. Age-standardized prevalence
rates (PR) were computed in Italians and immigrants, based on country of citizenship.
Results: Overall 22,934 subjects affected by CLD in 2016 were retrieved, 21% related to HBV and 43% to HCV
infection. The prevalence of HCV-related CLD was higher in males, peaking at 50–54 years (males ¼ 11/1000;
females ¼ 4/1000). The PR of HBV-related CLD was almost negligible in the Italian population (1/1000), and
higher among immigrants, especially from East Asia (males ¼ 17/1000; females ¼ 11/1000) and Sub-Saharan
Africa (males ¼ 13/1000; females ¼ 10/1000).
Conclusion: Specific population sub-groups identified by age, gender, and ethnicity, were demonstrated to be at
increased risk, and these trends are in line with global epidemiological patterns of viral hepatitis.
1. Introduction

Chronic liver disease (CLD) represents an important medical and
public health problem worldwide and is one of the leading causes of
morbidity and mortality [1]. There is a large degree of geographic vari-
ation in the burden of CLD, depending on the prevalence of causative
factors such as viral hepatitis infection, including hepatitis B virus (HBV)
and hepatitis C virus (HCV) infection, alcohol consumption, diabetes and
the metabolic syndrome [2].

The most common etiologic factor for CLD in Italy has traditionally
been represented by HCV, especially in the elderly population, due to a
widespread diffusion associated with unsafe medical procedures after
World War II [3]. The effect of such epidemic is now vanishing as shown
by a reduced proportion of HCV-related liver cirrhosis in Italy in the last
decades [4]. Also mortality from liver cirrhosis and liver cancer is
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currently decreasing in Italy, mostly due to a fall in the transmission of
HCV and universal vaccination against HBV [5].

However, several factors could reverse this favorable trend especially
among young and middle-aged adults. An increase in HCV-related mor-
tality among males aged 50–54 years has been recently reported in
Northern Italy [6]. The role of HBV infection, in spite of very high
vaccination coverage of the native population under 35 years, might
increase due to massive immigration from countries with intermediate or
high endemicity [7]. Lastly, an increased occurrence of non-alcoholic
fatty liver disease is expected, due to the ongoing epidemic of diabetes
and the metabolic syndrome [8].

The Veneto Region (Northeastern Italy, about 4.9 million inhabitants)
is a highly industrialized area, having one of the highest prevalence of
resident foreign population in Italy distributed across many countries of
origin, mainly Eastern Europe, Asia, and Africa [9]. Few
y 2019
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:ugo.fedeli@azero.veneto.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2019.e02114&domain=pdf
www.sciencedirect.com/science/journal/24058440
www.heliyon.com
https://doi.org/10.1016/j.heliyon.2019.e02114
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2019.e02114


Table 1
Distribution of chronic liver disease by gender and aetiology (according to non-
mutually exclusive categories). Residents aged 20–59 years, Veneto Region
(Italy), 2016.

Males Females

n % n %

All chronic liver diseases 14600 8334
HBV-related 2800 19% 1951 23%
HCV-related 6608 45% 3281 39%
Alcohol-related 1956 13% 636 8%
Biliary cirrhosis 131 1% 369 4%
Unknown aetiology 3579 25% 2248 27%
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population-based studies on the burden of liver diseases have been car-
ried out in Italy [10]. Aim of the study is to investigate the prevalence of
CLD, and the role of hepatitis B and C virus infection across population
groups stratified by age, gender and ethnicity in Veneto by means of
linked electronic health archives.

2. Methods

All legal residents in the Veneto Region aged 20–59 years were
included in the study. The archive of subjects enrolled in the Regional
Health System was linked with routinely available electronic health re-
cords for the year 2016: Hospital Discharge Records, Emergency Room
visits, Chronic disease registry for copayment exemptions, Home care
visits. To assure a more complete retrieval of chronic conditions, hospital
discharge records were investigated also for the period 2011–2015. By
linkage of the above archives, the Johns Hopkins University Adjusted
Clinical Groups (ACG) System v.10.0.2 has been adopted to identify
patients affected by CLD, using the specific Expanded Diagnosis Clusters
(EDC) GAS05 [11,12]. CLD was then classified by aetiology using the
following International Classification of Diseases, 9th Edition-Clinical
Modification codes: HBV-related CLD (070.2x, 070.3x, 070.42,
070.52), HCV-related CLD (070.41, 070.44, 070.51, 070.54, 070.7x),
alcohol –related CLD (571.0 and 571.3, or CLD in the presence of other
alcohol-related diagnoses: 291.x, 303.x, 305.0, 357.5, 425.5, 535.3,
5710, 5711, 5712, 5713, 980.0, V11.3), biliary cirrhosis (571.6). All
analyses were carried out on routinely collected health records submitted
to a standardized anonymization process that assigns to each subject a
unique code allowing record linkage between electronic archives,
without any possibility of back-retrieving his identity; no informed
consent was necessary.

Data on age, gender, and country of citizenship of the study popula-
tion was obtained from the archive of subjects enrolled in the Regional
Health System. The prevalence of CLD with different etiologies was
compared across gender, 5-year age groups, and immigrant groups
classified according to country of citizenship. Immigrants can obtain
Italian citizenship by marriage or –on demand-after a minimum of 10
consecutive years of legal residence; their children - if born in Italy-can
obtain it after their 18th birthday. As a consequence, the immigrant
population identified by citizenship includes second generation immi-
grants (mostly limited to pediatric age groups), and excludes subjects
born abroad who acquired the Italian citizenship and are classified as
Italians. To deal with larger numbers and to compare with findings from
previous studies, countries of citizenship were grouped by area of origin
based on macro-geographical regions [9]. Since electronic health data
are less complete in older age classes, and the elderly immigrant popu-
lation is small, comparisons were restricted to residents aged 20–59
years, to deal with a more homogeneous adult population. According to
previous studies carried out in the Veneto Region [9], specific analysis on
immigrants from Central-South America and from high income countries
were not performed due to low numbers. Since within the adult popu-
lation immigrant groups have different age structures, age-standardized
prevalence rates (World Standard Population [13]) were computed,
with 95% confidence intervals obtained by means of the method based
on the gamma distribution [14].

3. Results

The study population included 2,604,575 residents aged 20–59 years;
immigrants were 351,530 and accounted for 13.5% of study subjects.
Within the immigrant population, the most represented group was from
Eastern Europe (55% out of all immigrant residents), followed by North
Africa (11%), South Asia (the Indian sub-continent, 10%), Sub-Saharan
Africa (9%), and other Asian countries (8%, mainly East Asia,
including China and the Philippines).

Overall 22,934 subjects (63.7% males) affected by CLD were identi-
fied by linked electronic health archives in 2016. The overall prevalence
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of CLD was 11.1/1000 population (95% Confidence Interval 10.9–11.2)
among males and 6.4/1000 (6.3–6.5) among females. Table 1 shows the
distribution by gender and aetiology; the latter was coded according to
non-mutually exclusive categories (2.7% of patients being classified into
multiple etiologies). The most common cause of CLD was HCV infection
(43.1%), followed by HBV (20.7%) and alcohol (11.3%). The proportion
of CLD related to HCV infection was higher in males, and the proportion
related to HBV infection was larger in females. About one out four pa-
tients (25.4%) could not be attributed to any of the above categories.

The prevalence of CLD among males increased with age until 50–54
years, with a slight decline in the subsequent age class (Fig. 1); such
specific pattern was due to the distribution of HCV-related CLD, reaching
a peak of 11/1000 in males aged 50–54. The prevalence of HBV showed a
constant increase with age and the prevalence of alcohol-related CLD a
steep increase with age. Among females, a lower overall prevalence of
CLD, a less clear peak in HCV-related CLD (4/1000 in subjects aged
50–54 years), and a steady prevalence of HBV-related CLD across age
classes were observed.

The overall prevalence of CLD was higher in immigrants than in
Italians, except for older males, where rates were slightly higher in the
native population (Table 2). The prevalence of HBV-related CLD was
negligible among Italian citizens aged <40 years, showing only a mod-
erate increase in older age classes. Among immigrants compared to
Italians prevalence rates were at least ten times higher in younger sub-
jects (20–39 years), and 3–5 fold higher in middle-aged adults (40–59
years). Notably, immigrants accounted for as much as 42% of HBV-
related CLD in males (1179/2800) and 56% in females (1083/1951).
The increase of prevalence of HCV-related CLD with age was steeper in
Italians than immigrants among males; among females, the rates were
higher in immigrants in all age classes.

Age-standardized prevalence rates of HBV and HCV-related CLD by
area of provenience are shown in Figs. 2 and 3, respectively. The highest
prevalence rates of HBV-related CLD were observed among immigrants
from other Asian countries (mainly East Asia, males 17/1000; females
11/1000) and Sub-Saharan Africa (males 13/1000; females 10/1000),
with the lowest figures among Italians (about 1/1000 in both genders).
As regards HCV, among males the highest prevalence was observed in
Italian residents; among females the highest rates were registered in
immigrants from Eastern Europe (4/1000) followed by South Asians and
Italians (2/1000).

4. Discussion

The prevalence of CLD in North-Eastern Italy displays great vari-
ability among young and middle-aged adults according to age, gender
and ethnicity.

The most common risk factor for CLD remains HCV infection. Data
collected in the past decades showed that Italy was affected by the
highest prevalence of HCV infection within Europe, with a steep increase
with age and higher rates in Southern regions [15]. More recent studies
suggested that HCV prevalence was decreasing in Italy [4, 16, 17], as well
as in all Europe [18], due to the vanishing of the most affected older birth



Fig. 1. Prevalence (per 1000 population) of chronic liver disease (CLD) in males
(A) and females (B) by age and aetiology. Veneto Region (Italy), 2016.

Table 2
Italian and immigrant population aged 20–59 years in the Veneto region (Italy):
age-specific and crude prevalence rates of all chronic liver diseases (CLD), HBV-
and HCV-related CLD.

Age Class n rate per 1000 population

Italians Immigrants Italians Immigrants

Males
All CLD

20–29 yrs 293 261 1.4 7.3
30–39 yrs 1060 529 4.6 9.7
40–49 yrs 4157 713 11.7 14.1
50–59 yrs 7151 436 20.2 17.5
Overall 20–59 yrs 12661 1939 11.1 11.7

HBV
20–29 yrs 35 194 0.2 5.4
30–39 yrs 133 358 0.6 6.6
40–49 yrs 548 435 1.5 8.6
50–59 yrs 905 192 2.6 7.7
Overall 20–59 yrs 1621 1179 1.4 7.1

HCV
20–29 yrs 136 33 0.7 0.9
30–39 yrs 592 67 2.6 1.2
40–49 yrs 2222 93 6.2 1.8
50–59 yrs 3368 97 9.5 3.9
Overall 20–59 yrs 6318 290 5.5 1.8

Females
All CLD

20–29 yrs 255 242 1.3 6.3
30–39 yrs 743 666 3.3 10.7
40–49 yrs 1932 597 5.6 11.4
50–59 yrs 3400 499 9.8 15.1
Overall 20–59 yrs 6330 2004 5.7 10.8

HBV
20–29 yrs 30 184 0.2 4.8
30–39 yrs 147 444 0.7 7.1
40–49 yrs 311 293 0.9 5.6
50–59 yrs 380 162 1.1 4.9
Overall 20–59 yrs 868 1083 0.8 5.8

HCV
20–29 yrs 100 28 0.5 0.7
30–39 yrs 301 134 1.3 2.1
40–49 yrs 924 165 2.7 3.2
50–59 yrs 1414 215 4.1 6.5
Overall 20–59 yrs 2739 542 2.5 2.9
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cohorts. However, seroprevalence surveys demonstrated a bimodal dis-
tribution of HCV infection both in Northern and in Southern Italy [17, 19,
20], with a minor peak in younger subjects and a higher one in the
elderly. These findings suggest the occurrence of two epidemic waves of
HCV infection in Italy: the first in the 1950s, due to unsafe medical
procedures, and the second one in young people in the late 1970s and in
the 1980s, due to the diffusion of intravenous drug use [3]. Such second
epidemic wave was confirmed by analyses of Italian death certificates,
with an exponential increase of HCV-related mortality with age, and a
further peak observed in the 50-54-year age-group especially among
males [21]. This second wave can also explain the increase in
HCV-related mortality observed from 2008-2012 to 2013–2016 among
middle-aged males in the Veneto Region [6]. A similar finding was re-
ported in the US, where HCV infection mostly affected baby boomers,
and HCV-related mortality was steadily increasing [22]. Also in Europe
most HCV-infected patients are between 45 and 60 years old, indicating a
possible target birth-cohort group for screening programs [18]. Overall,
these findings suggest that the HCV burden in Italy is shifting from the
elderly population to subjects born in the 1960s, resulting in increasing
HCV-related morbidity and mortality among middle-aged adults. The
availability of directing acting antivirals (DAA) for HCV treatment is
expected not only to reduce the progression of liver disease and conse-
quently mortality among HCV patients, but also the burden of HCV
infection at the population level [23]. In Italy, treatment with DAA
became available in 2015 and was initially restricted to patients with
advanced liver disease; only recently (2017) it was made available to
patients with less severe disease stages [24].

The epidemiological scenario of HBV- and HCV-related CLD in Italy
is also influenced by mass immigration from areas of the world at high
prevalence of viral hepatitis [24]. As regards HCV, all immigrant
3

groups are at lower prevalence than the Italian population, except for
women from Eastern Europe. This gender effect might partly be an
artifact due to higher diagnostic pressure among females of child-
bearing age, with a possible underestimation of HCV rates among
Eastern European males. In fact, awareness of chronic HBV or HCV is
low in all populations but among migrants it tends to be even lower; in
Europe, Romania (the most common country of origin of immigrants to
Italy) is among the nations with the highest reported HCV prevalence
rates [25].

After the availability of highly effective therapies for HCV, the role of
HBV has become overshadowed in public health prioritization [26]. HBV
infection in Italy has shown a progressive reduction in prevalence over
the past decades [7], and now its burden among native young adults is
negligible. By contrast, almost all immigrant groups are disproportionally
affected by HBV-related CLD. Rates observed in different immigrant
groups are consistent with seroprevalence surveys carried out among
undocumented immigrants in Southern Italy [27], and reflect the global
epidemiology of the disease: the highest prevalence was found among
subjects from Eastern Asia and Sub-Saharan Africa, followed by immi-
grants from countries usually considered at intermediate endemicity in
South Asia and Eastern Europe [28, 29]. It must be remarked that in high
endemicity countries the most common routes of acquiring infection are
perinatal transmission and infection during pre-school years, and for this
reason WHO recommends universal birth-dose vaccination [25]; how-
ever among countries with the greatest number of infected children, only
China displays a high timely birth dose coverage [26]. In the Veneto



Fig. 2. Standardized prevalence rates with 95% confidence intervals (per 1000
population; World Standard Population) of HBV-related chronic liver disease
among males (A) and females (B) aged 20–59 years in Italians and immigrants
by area of provenience. Veneto Region (Italy), 2016.

Fig. 3. Standardized prevalence rates with 95% confidence intervals (per 1000
population; World Standard Population) of HCV-related chronic liver disease
among males (A) and females (B) aged 20–59 years in Italians and immigrants
by area of provenience. Veneto Region (Italy), 2016.
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region, about half of the burden of HBV in the adult population is
currently accounted for by immigrants, similarly to reports from North-
ern Europe [30].

Some limits of the study should be taken into account: first, only
clinically diagnosed CLD registered within health records could be
tracked, with an underestimation of the prevalence probably more pro-
nounced among the immigrant population. A second limit is the use of
citizenship to identify immigrant groups instead of country of birth, or of
more specific features such as language; however, citizenship was the
most reliable information to identify ethnic groups in health records.
Restricting analyses to the adult population allowed to deal with more
accurate diagnoses, to more properly compare the immigrant with the
native population, and to avoid a further underestimation of rates among
immigrants, more probable in older age classes, mainly due to unregis-
tered remigration to the country of origin [9]. Third, since CLD was
classified according to ICD9-CM codes registered in patients' health re-
cords, no information whether HBV or HCV infection was defined on
serological markers or viral loads was available. Lastly, the use of
routinely collected clinical data on CLD aetiology may provide valuable
results for identifying HBV- and HCV-related, but not alcohol-related
CLD. Indeed, both hospital-based and population-based studies in Italy
found a minor role of alcohol as a cause of CLD [4, 10], which is likely an
underestimate, as shown by studies assessing subjects’ history of alcohol
intake through interviews with standardized questionnaires [31]. Since
4

alcohol intake is often poorly evaluated in the current clinical practice,
some CLD cases with unknown aetiology are likely due to alcohol intake;
moreover, in subjects with combined viral hepatitis infection and high
alcohol intake, the diagnosis in clinical records probably mention only
the viral aetiology [10].

5. Conclusion

In spite of study limits, the record linkage among electronic health
databases allowed us to provide a comprehensive picture of the distri-
bution of CLD among young and middle-aged adults in a vast area in
North-Eastern Italy. The use of data routinely collected during the de-
livery of health care allowed us to obtain population-based figures,
avoiding bias due to referral patterns typical of multicenter studies.
Moreover, data on the immigrant population were not retrieved within
highly selected groups, e.g. asylum seekers or undocumented immi-
grants, but represented a large diverse population from several different
world areas, with full access to regional health services. Although rates
were underestimated since only clinically-diagnosed CLD could be
tracked, specific population sub-groups were identified according to age,
gender, and ethnicity at higher prevalence of HBV and HCV-related CLD.
Such groups, often under-represented in surveys of the general popula-
tion, should be the focus of more detailed studies in order to design
targeted preventive, testing, and treatment strategies.
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