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Abstract

Background ¢ Aims: Environmental and genetic factors contribute to alco-
holic cirrhosis onset. In particular, age at exposure to liver stressors has been
shown to be important in progression to fibrosis in hepatitis C individuals.
However, no definite data on the role of age at onset of at-risk alcohol con-
sumption are available. Moreover, patatin-like phospholipase domain-con-
taining protein 3 (PNPLA3) 1148M (rs738409) variant has been associated
with alcoholic cirrhosis, but only in cross-sectional studies. The aim of this
study was to investigate the role of age at onset of at-risk alcohol consump-
tion and PNPLA3 1148M variant on alcoholic cirrhosis incidence. Methods:
A total of 384 at-risk alcohol drinkers were retrospectively examined. The
association among age at onset of at-risk alcohol consumption, PNPLA3
[148M variant and cirrhosis incidence was tested. Results: A higher inci-
dence of alcoholic cirrhosis was observed in individuals with an older
(>24 years) compared with a younger (<24) age at onset of at-risk alcohol
consumption (P-value < 0.001). Moreover, PNPLA3 148M allele carriers
showed an increased incidence of cirrhosis (P-value < 0.001). Both age at
onset of at-risk alcohol consumption and PNPLA3 148M allele were
independent risk factors for developing cirrhosis (H.R. (95% C.I.): 2.76
(2.18-3.50), P-value < 0.001; 1.53(1.07-2.19), P-value = 0.021 respectively).
The 148M allele was associated with a two-fold increased risk of cirrhosis in
individuals with a younger compared with an older age at onset of at-risk
alcohol consumption (H.R. (95% C.I.): 3.03(1.53-6.00) vs. 1.61(1.09—
2.38). Conclusions: Age at onset of at-risk alcohol consumption and
PNPLA3 1148M genetic variant are independently associated with alcoholic
cirrhosis incidence.

This is an open access article under the terms
of the Creative Commons Attribution-Non
Commercial-NoDerivs License, which permits
use and distribution in any medium, provided
the original work is properly cited, the use is
non-commercial and no modifications or
adaptations are made.

Liver Int. 2014: 34: 514-520

Alcohol-related liver disease is a major cause of morbid-
ity and premature mortality worldwide (1). In Europe,
in the last decade, 38% of liver transplantations for
cirrhosis were caused by alcohol-related disease (2). The
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progression from alcoholic steatosis to chronic hepatitis
and to cirrhosis varies among ethnic groups and among
different individuals from the same ethnic group, and it
has been reported that some individuals, even if they
have an excessive intake of alcohol for a long time, do
not develop cirrhosis (1, 3). This suggests that both
environmental and genetic factors contribute to alco-
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holic cirrhosis onset (1, 4). Among environmental
factors related to alcohol, the quantity of alcohol
consumption, the quality (drinking patterns) and the
duration of at-risk alcohol consumption are considered
when estimating the overall risk for cirrhosis (1). How-
ever, despite some studies showed the importance of age
of exposure to liver stressors, such as hepatitis C virus
(HCV), in determining the progression to cirrhosis (5,
6), few data are available on the role of age at onset of
at-risk alcohol consumption in determining alcoholic
cirrhosis. A previous study showed that the risk of alco-
holic cirrhosis onset was higher in individuals who
started drinking after the age of 40 years (7). However,
no other potential risk factors for alcoholic cirrhosis
were investigated in that study.

Among the genetic factors, the patatin-like phospholi-
pase domain-containing 3 (PNPLA3) rs738409, a genetic
variation consisting of an isoleucine to methionine sub-
stitution at position 148 (I148M) (8), has been associated
with a wide spectrum of liver diseases, from hepatic stea-
tosis (8, 9), and liver damage (10, 11) to fibrosis (12-15),
cirrhosis (16, 17) and hepatocellular carcinoma (16, 18—
21). Specifically, regarding alcohol-related liver disease,
PNPLA3 1148M genetic variant has been found to be
associated with an increased risk of both alcohol-related
cirrhosis and cancer (17, 20, 22-25). However, no data
are available on the effect of the PNPLA3 1148M genetic
variant on alcoholic cirrhosis incidence.

The aim of this study was to investigate the effect of
both environmental and genetic factors (particularly,
the age at onset of at-risk alcohol consumption and the
PNPLA3 1148M genetic variant) on alcoholic cirrhosis
incidence in a population of at-risk drinkers.

Patients and methods
Study Population

A total of 753 consecutive individuals who were admitted
to the Outpatient Clinics at the Department of Clinical
Medicine, Policlinico Umberto I, Rome (Italy) for alco-
hol abuse or dependence between 2005 and 2010 were
retrospectively examined. At the admittance, patients
underwent a clinical examination with collection of
detailed information about past and current health status
and alcohol consumption. A daily at-risk alcohol con-
sumption was defined as >3 and >2 alcohol units for
men and women respectively. One unit of alcohol corre-
sponds to 12 g of ethanol. The patterns and the amount
of alcohol consumption from the onset of at-risk alcohol
consumption were obtained by interview using the Life-
time Drinking History (LDH) (26). Particularly, the
duration (in years) of at-risk alcohol consumption was
calculated based on the reported age at onset of at-risk
drinking. The amount of daily alcohol intake was
extrapolated from the LDH and expressed as number of
alcohol units per day. The diagnosis of alcoholic abuse or
dependence was established by a psychiatrist according

Liver International (2014)
© 2013 The Authors. Liver International Published by John Wiley & Sons Ltd

PNPLA3 1148M, age, alcoholic cirrhosis

to the revised text of the fourth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV)
criteria (27), which defines these two conditions as mal-
adaptive patterns of alcohol use with different peculiar
behavioural and psychological aspects, independently
from the amount of alcohol intake (Table S1). The pres-
ence of cirrhosis was also assessed and the time of the cir-
rhosis diagnosis was reported. The diagnosis of cirrhosis
was clinically defined by examining patients’ past and
present information on the health status. In particular,
data from hospital discharge papers, physical examina-
tion, blood tests, imaging and endoscopy were analysed.
Specifically, cirrhosis diagnosis was based on the pres-
ence of at least one of the following features: (i) current
or past cirrhosis complications (e.g. ascites, gastrointesti-
nal bleeding, hepatic encephalopathy); (ii) the presence
of at least two parameters among hyperbilirubinaemia,
hypoalbuminaemia, prolonged prothrombin time, low
platelet count, irregular liver surface at ultrasound/CT,
reduced portal vein flow at ultrasound, gastroesophageal
varices at endoscopy. In the absence of overt cirrhosis,
individuals with positivity of only one of these parame-
ters were excluded from the current analyses.

Individuals with other aetiological factors (n = 141)
of liver disease (i.e. hepatitis B and C infection, autoim-
mune hepatitis, primary biliary cirrhosis, primary scle-
rosing cholangitis, Wilson’s disease, hemochromatosis,
Budd Chiari syndrome), with incomplete LDH data
(n = 98), incomplete clinical/biochemical data to achieve
a diagnosis of alcoholic cirrhosis and/or a defined age at
cirrhosis diagnosis (n = 110), or with poor DNA quality
(n = 20) were excluded from the analyses. Thus, a total
of 384 individuals were analysed in the current report.

Blood samples were collected after an overnight fast
and analysed for biochemical parameters. DNA was
collected from all the individuals. Written informed
consent was obtained from all the individuals and this
study was approved by the local ethical committee.

Genotyping of the PNPLA3 1148M (rs738409) variant

Fluorogenic 5'-nucleotidase allelic discrimination assay
(TaqMan® Applied Biosystems, Foster City, CA, USA)
for the PNPLA3 rs738409 sequence variant was used to
genotype, as previously described with a success rate of
99% (10).

Statistical analyses

Variables are shown as median and interquartile range
or proportions. Genotype, allele and categorical variable
distribution were compared by % test. Non-normally
distributed continuous variables were log-transformed
before entering the statistical models.

An additive genetic model was tested. The differences
in the continuous variables were assessed using a linear
regression analysis after adjusting for age, gender, and
BMI and, when appropriate, the presence of cirrhosis.
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The incidence of cirrhosis was examined. Time of
progression to cirrhosis was examined by Kaplan—-Meier
estimates of cumulative incidence rates. The beginning
of the Kaplan—Meier curves was considered the reported
age at onset of at-risk alcohol consumption. The follow-
up time refers to the years of exposure to the at-risk
alcohol consumption. It corresponds to the years from
the age at onset of at-risk alcohol consumption to the
age at cirrhosis onset or at the clinical examination,
reflecting the period of exposure to the pathogenic agent
(i.e. at-risk alcohol consumption).

Log-rank test was used to analyse differences in
cumulative incidence between age at onset of at-risk
alcohol consumption subgroups and across PNPLA3
1148M genotypes. Cox proportional-hazards models
were used to evaluate the effect of age at onset of at-risk
alcohol consumption and PNPLA3 1148M genotype on
cirrhosis incidence after adjusting for confounding fac-
tors (i.e. gender, BMI, diabetes status, amount of daily
alcohol consumption, alcohol behaviour). Analyses were
carried out using the Statistical Package for Social Sci-
ences (spss, version 18, Inc. Chicago, IL, USA). P-values
<0.05 were considered significant.

Results

Demographic and clinical characteristics of the study
population

A total of 384 individuals with at-risk alcohol consump-
tion in the absence of other risk factors for chronic liver
disease were included in the current analyses. Demo-
graphic and clinical characteristics are shown in Table 1.
The vast majority of the individuals were of male gender
(76.3%), with a median age of 46 years. They were all
at-risk drinkers (median alcohol consumption was 12
alcohol units per day). The median age at onset of
at-risk alcohol consumption was 24 years and the med-
ian duration of the at-risk consumption was 19 years.
Cirrhosis was present in 22% of individuals.

Alcoholic cirrhosis incidence according to age at onset of
at-risk alcohol consumption and PNPLA3 1148M
genotypes

To examine whether the age at onset of at-risk alcohol
consumption affects cirrhosis incidence, the study
population was stratified by the median value (24 years
of age) of this parameter. After stratifying individuals
according to this parameter, a higher incidence of alco-
holic cirrhosis was observed in individuals with an older
compared with a younger age at onset of at-risk alcohol
consumption (Log-rank P-value < 0.001; Fig. 1). In a
sensitivity analysis, the incidence of cirrhosis was
examined after stratifying the population by tertiles of
age at onset of at-risk alcohol consumption and
the same result was observed (Log-rank P-value
< 0.001; Fig. S1).
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Table 1. Demographic and clinical characteristics of the overall
study population

n 384

Age (years) 46 (38-56)

Male Gender, n (%) 293(76.3)

BMI (kg/m2) 25 3(23.0-28.2)

Diabetes, n (%) 0(7.8)

Alcohol abuse, n (%) 23 (6.0)

Alcohol dependence, n (%) 361(94.0)

Age at onset of at-risk 24 (18-32)
alcohol consumption (years)

Daily alcohol consumption (units) 2(8-18)

Duration of at-risk alcohol 19 (10-28)
consumption (years)

[.N.R. 1(0.92-1.07)

Serum bilirubin (mg/dl) 0.6 (0.5-1.0)

Serum creatinine (mg/dl) 9 (0.7-1.0)

Serum AST (U/L) 0(20-51)

Serum ALT (U/L) 9(19-51)

Cirrhosis, n (%) 84(21.9)

Age at diagnosis of cirrhosis (years) 55 (47-61)

Child-Pugh class, n (%)*

A 9(34.5)

B 6(42.9)

C 19(22.6)
MELD score* 3(9-17)
PNPLA3, n (%)

Il 164 (42.7)

IM 165 (43.0)

MM 55(14.3)

Data are expressed as median and interquartile range or as proportions.
P-values for continuous variables were calculated using linear regression
model adjusting for age, gender and BMI. Non-normally distributed
variables were log-transformed before entering the model. Categorical
variables’ distribution was compared by %2 test. Genotype and allele
frequencies were in Hardy—Weinberg equilibrium (P > 0.05).
*Child-Pugh classes and MELD score were assessed only in individuals
with cirrhosis.

n, number; BMI, body mass index; I.N.R., international normalized ratio;
AST, aspartate transferase; ALT, alanine transferase; MELD, model for
end-stage liver disease; PNPLA3, patatin-like phospholipase domain-
containing 3; II, individuals with two 148l alleles; IM, heterozygotes;
MM, individuals with two 148M alleles.

Demographic and clinical characteristics of the popu-
lation stratified by median age at onset of at-risk alcohol
consumption are shown in Table S2. Individuals with
age at onset of at-risk alcohol consumption >24 years
were older, had a shorter duration of at-risk alcohol
consumption and a lower daily alcohol intake. In addi-
tion to a higher incidence of cirrhosis, individuals with
an older age at onset of at-risk alcohol consumption
showed a more severe liver disease assessed by Child-
Pugh class (P-value = 0.004) and MELD score
(P-value = 0.009), compared with those with a younger
age at onset of at-risk alcohol consumption (Table S2).
In those with older age at onset of at-risk alcohol
consumption, there was also a higher prevalence of dia-
betes (P-value = 0.001; Table S2).
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Fig. 1. Cumulative incidence of alcoholic cirrhosis in individuals
stratified by age at onset of at-risk alcohol consumption. Individuals
were stratified by the median value of the age at onset of at-risk
alcohol consumption, which was equal to 24 years. FU indicates
the duration (years) of at-risk alcohol consumption, which was
defined as a daily intake of >3 and >2 alcohol units for men and
women respectively. Number of events: <24 Years, n = 25;

>24 Years, n = 59. The number at the bottom indicates the num-
ber of individuals at risk at the following time points: 0, 10, 20, 30
and 40 years. Abbreviations: FU, follow-up.

Next the effect of PNPLA3 [148M genetic variant on
alcoholic cirrhosis incidence was examined. Demo-
graphic and clinical characteristics of the population
stratified by PNPLA3 genotype are depicted in Table S3.
A higher cumulative incidence of cirrhosis was observed
in the PNPLA3 148M allele carriers (Log-rank
P-value < 0.001; Fig. 2).

Finally, the incidence of cirrhosis was examined in
the population stratified by both age at onset of at-risk
alcohol consumption and PNPLA3 1148M genotypes.
Carriers of the PNPLA3 148M allele had a higher inci-
dence of cirrhosis, irrespective of the age at onset of at-
risk alcohol consumption (Log-rank P-value < 0.001;
Fig. 3). Individuals with the lowest incidence of cirrho-
sis were those with lower age at onset of at-risk alcohol
intake and without the PNPLA3 148M allele. Con-
versely, those with the highest incidence of cirrhosis
were the individuals with higher age at onset of at-risk
alcohol intake carrying the 148M allele (Fig. 3).

Risk of developing alcoholic cirrhosis

Next, the risk of developing alcoholic cirrhosis was
examined. Both the age at onset of at-risk alcohol
consumption (H.R. estimated for each decade
(10 years) (95% C.L.): 2.76 (2.18-3.50); P-value<0.001)
and PNPLA3 148M allele (H.R. 1.53 (1.07-2.19); P-
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Fig. 2. Cumulative incidence of alcoholic cirrhosis in individuals
according to PNPLA3 1148M genotype. Individuals were stratified
by the PNPLA3 1148M genotype. FU indicates the duration (years)
of at-risk alcohol consumption, which was defined as a daily intake
of >3 and >2 alcohol units for men and women respectively. Num-
ber of events: I, n = 19; IM, n = 39; MM, n = 26. The number at
the bottom indicates the number of individuals at risk at the follow-
ing time point: 0, 10, 20, 30 and 40 years. Abbreviations: PNPLA3,
patatin-like phospholipase domain-containing 3; Il, individuals with
two 148l alleles; MM, individuals with two 148M alleles; IM,
heterozygotes; FU, follow-up.

value = 0.021) were independently associated with an
increased risk of developing alcoholic cirrhosis
(Table 2).

To examine if the effect of the PNPLA3 148M allele
was different in the individuals with a younger
(<24 years) or older (> 24 years) age at onset of at-risk
alcohol consumption, we examined the risk of develop-
ing cirrhosis in these two groups separately. A two-fold
increase risk for the 148M allele was observed in indi-
viduals with a younger compared with an older age at
onset of at-risk alcohol consumption (H.R. (95% C.1.):
3.03 (1.53-6.00) vs. 1.61 (1.09-2.38), respectively;
Table 3). In individuals with older age at onset of at-risk
alcohol consumption, the presence of type 2 diabetes
and higher BMI were also associated with the risk of
cirrhosis onset (Table 3).

Discussion

This study shows for the first time that age at onset of
at-risk alcohol consumption is an independent risk
factor for alcoholic cirrhosis and this is independent by
the PNPLA3 1148M genetic variant in at-risk drinkers.
In the current report, we examined the incidence of
alcoholic cirrhosis in a cohort of individuals with at-risk
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Fig. 3. Cumulative incidence of alcoholic cirrhosis in individuals
stratified by age at onset of at-risk alcohol consumption and
PNPLA3 1148M genotype. Individuals were stratified by the median
value of the age at onset of at-risk alcohol consumption, which was
equal to 24 years, into two groups. Next, each group was divided
according to the PNPLA3 1148M genotype. FU indicates the dura-
tion (years) of at-risk alcohol consumption, which was defined as a
daily intake of >3 and >2 alcohol units for men and women respec-
tively. The number of events was as follows: Iln = 4, IMn = 13,
MM n = 8 (<24 Years); Iln =15, IMn =26, MMn = 18

(=24 Years). The number at the bottom indicates the number of
individuals at risk at the following time points: 0, 10, 20, 30 and

40 years. Abbreviations: PNPLA3, patatin-like phospholipase
domain-containing 3; Il, individuals with two 148l alleles; MM, indi-
viduals with two 148M alleles; IM, heterozygotes; FU, follow-up.

Table 2. Risk of developing alcoholic cirrhosis

H.R. 95% C.I. P-value
Gender (male) 1.34 0.72-2.56 0.349
BMI (kg/mz) 1.05 0.98-1.12 0.154
Diabetes 1.42 0.70-2.90 0.335
Daily alcohol 1.03 1.00-1.06 0.041
consumption (unit)
Alcohol behaviour* 1.41 0.49-4.04 0.522
Age at onset of at-risk 2.76 2.18-3.50 <0.001
alcohol consumptiont
PNPLA3 148M allele 1.53 1.07-2.19 0.021

*Abuse vs. Dependence.

It refers to the risk for each 10 years of age.

H.R., hazard ratio; C.I., confidence interval; BMI, body mass index;
PNPLA3, patatin-like phospholipase domain-containing 3.
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alcohol consumption from Italy, according to environ-
mental and genetic factors.

To investigate whether the age at the beginning of

at-risk alcohol consumption affects cirrhosis onset, we
analysed the cumulative incidence of this disease in our
population stratified by the median of the distribution
of this variable. A higher incidence of alcoholic cirrhosis
was observed in those individuals with an older
(>24 years) compared with a younger (<24 years) age at
onset of at-risk alcohol consumption (Log-rank P-value:
<0.001). Consistently, a higher risk of alcoholic cirrhosis
onset was observed for older age at the beginning of
at-risk alcohol consumption. Interestingly, individuals
with an older age at onset of at-risk alcohol consump-
tion showed also a more severe cirrhosis stage, despite a
lower daily alcohol intake and a shorter duration of
at-risk alcohol consumption. Thus, even if exposed for a
shorter period to the pathogenic agent (excess alcohol
intake), these individuals presented a higher incidence
of cirrhosis and a more severe liver disease. This finding
is in line with previous data showing the importance of
the age at exposure to the pathogenic agent or stressor
on the HCV-related chronic liver diseases (5, 6, 28) and
of ageing on liver transplant outcome (29). Specifically,
the older age of exposure to HCV infection or to ischae-
mia-reperfusion injury (for liver grafts during trans-
plantation) leads to a faster HCV-related fibrosis
progression in chronic HCV infection or to a worse
graft function after liver transplantation. With regard to
alcohol, the increased liver sensitivity to this pathogenic
agent with age may be ascribed to an increased sensitiv-
ity of the liver to its chronic effects with age (30), as a
consequence of age-related reduced alcohol metabolism
in the liver and of cellular senescence with impaired
hepatocyte function (31, 32).
In a previous study, Poynard et al. showed that age at
onset of at-risk alcohol consumption greater than
40 years was associated with an increased risk of cirrhosis
(7). However, this study was performed in subjects whose
daily alcoholic consumption, at least of 50 g during the
year preceding their enrolment, was not further detailed
and no information on other risk factors (environmental
or genetic causes) were available. Moreover, other previ-
ous studies focused on age of the patients rather than the
age at exposure to the liver stressor (33, 34).

Next, we examined the effect of PNPLA3 1148M vari-
ant on the incidence of alcoholic cirrhosis. Previous
studies showed an association between PNPLA3 1148M
genetic variant and alcoholic cirrhosis only in cross-sec-
tional studies (17, 20-25). However, to date, no studies
have investigated the role of this genetic variant on alco-
holic cirrhosis incidence. In this study, we found that
PNPLA3 148M allele was associated with a higher inci-
dence of alcoholic disease (Log-rank P-value < 0.001).
A 50% increase in the risk of cirrhosis onset was
observed for each 148 M allele. Interestingly, the effect
of the PNPLA3 148M allele was even more pronounced
in individuals with a younger compared with an older
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Table 3. Risk of developing alcoholic cirrhosis in individuals stratified by age at onset of at-risk alcohol consumption

Age at onset of at-risk alcohol consumption

<24 years >24 years

H.R. 95% C.I. P-value H.R. 95% C.I. P-value
Gender (male) 1.28 0.39-4.19 0.680 1.86 0.85-4.10 0.121
BMI (kg/mz) 1.01 0.89-1.14 0.905 1.10 1.02-1.19 0.021
Diabetes 2.04 0.50-8.40 0.323 2.76 1.26-6.04 0.011
Daily alcohol intake (unit) 1.03 0.99-1.08 0.094 1.04 0.98-1.09 0.179
Alcohol behaviour* 3.1 0.63-15.30 0.162 1.37 0.32-5.86 0.674
PNPLA3 148M allele 3.03 1.53-6.00 0.001 1.61 1.09-2.38 0.017

*Abuse vs. Dependence.

H.R., hazard ratio; C.I., confidence interval; BMI, body mass index; PNPLA3, patatin-like phospholipase domain-containing 3.

age at onset of at-risk alcohol consumption. In the for-
mer group of subjects, the risk of developing cirrhosis
was two-fold higher compared with individuals in the
latter group carrying the 148 M allele (H.R. (95% C.1.):
3.03 (1.53-6.00) vs. 1.61 (1.09-2.38) respectively). This
finding suggests that the genetic background has a
stronger effect in younger individuals. In older individu-
als, other metabolic factors (i.e. diabetes and obesity)
play also an important role in the development of alco-
holic cirrhosis. In these individuals, the chronic liver
damage may be possibly ascribed to the combined effect
of alcoholic and metabolic steatohepatitis.

The novelty of the present report resides in examin-
ing, for the first time, the effect of PNPLA3 genetic vari-
ant combined with the age at onset of at-risk alcohol
consumption on the alcoholic cirrhosis incidence.

A limitation is that the retrospective study design
may have led to selection bias. However, prospective
studies investigating on the effect of alcohol consump-
tion would be too long and unfeasible, whereas random-
ized investigations cannot be performed for obvious
ethical reasons. Another limitation of the present report
is that no data were available on factors influencing the
liver damage, such as smoking, coffee and cannabis con-
sumption, frequency of drinking during the day and
relationship with food intake.

In conclusion, the present report shows that older
age at onset of at-risk alcohol consumption and the
PNPLA3 148 M allele are independent risk factors for
alcoholic cirrhosis incidence.
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