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ARTICLE INFO ABSTRACT

Keywords: Background: It is unclear if the risk of hepatic decompensation or hepatocellular carcinoma (HCC) differs between
Metabolic dysfunction-associated steatotic liver patients with compensated alcohol-related liver disease (ALD)- and metabolic dysfunction-associated steatotic
disease

liver disease (MASLD)-cirrhosis. We investigated the risk to develop hepatic decompensation or HCC based on
ALD or MASLD as the underlying etiology of cirrhosis.

Methods: All patients with a new diagnosis in hospital-based outpatient care of ALD- or MASLD-cirrhosis in
Sweden between 2002 and 2020 were identified using national registers. Hepatic decompensation was analyzed
as a composite outcome with HCC. Cox regression was employed to compare rates of hepatic decompensation or
HCC, and subsequent death.

Results: 1660 patients with ALD-cirrhosis and 943 patients with MASLD-cirrhosis were identified. The median
ages were 64 years (IQR 57-70) and 69 years (IQR 62-75) in patients with ALD- and MASLD-cirrhosis,
respectively. Patients with ALD-cirrhosis consisted of 69.4 % males, compared to 47.6 % males in the MASLD-
cirrhosis group. 581 (35 %) patients with ALD-cirrhosis and 284 (30 %) patients with MASLD-cirrhosis devel-
oped hepatic decompensation or HCC (median follow-up time: 25 months), resulting in an adjusted hazard ratio
of 1.12 (ALD- vs. MASLD-cirrhosis, 95 %-confidence interval=0.88-1.41). The adjusted risk of mortality after-
wards was lower in patients with ALD-cirrhosis compared to patients with MASLD-cirrhosis (adjusted hazard
ratio 0.62, 95 %-confidence interval=0.39-0.97).

Conclusions: The risk of hepatic decompensation or HCC is comparable in patients with ALD- and MASLD-
cirrhosis, but the risk of mortality after a decompensation event or HCC tends to be higher in patients with
MASLD-cirrhosis.

Alcohol-related liver disease
Cirrhosis

Etiology

Epidemiology

1. Introduction hepatic decompensation occurs, characterized by ascites, esophageal
variceal bleeding or hepatic encephalopathy [2,3]. In addition, most

Patients with a chronic liver disease often develop liver cirrhosis patients with hepatocellular carcinoma (HCC) have cirrhosis, which can
after a certain time if their disease is not appropriately managed, and hence be seen as a premalignant condition [4]. Decompensated cirrhosis
cirrhosis was the cause of death in 2.4 % of all deaths globally in 2017 is a prognostic tipping point since patients with decompensated liver
[1]. Liver cirrhosis frequently remains undiagnosed until progression to cirrhosis have a life expectancy of approximately 2 years, compared to

Abbreviations: aHR, adjusted hazard ratio; ATC, Anatomical Therapeutic Chemical; ALD, alcohol-related liver disease; CI, confidence interval; COPD, chronic
obstructive pulmonary disease; CVD, cardiovascular disease; DELIVER, DEcoding the epidemiology of LIVER disease in Sweden; HCC, hepatocellular carcinoma; ICD,
International Classification of Diseases; IQR, interquartile range; MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-associated
steatotic liver disease.
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>12 years when living with compensated cirrhosis [5]. The prognosis of
patients with HCC largely depends on the tumor stage and treatment but
is generally poor in advanced disease [6]. Liver cirrhosis hence consti-
tutes an important source of hospital admissions, morbidity, impaired
quality of life, and mortality [3,5].

Apart from viral liver disease-related cirrhosis, alcohol-related
cirrhosis is an important cause of liver-related death, in particular in
Europe and the Americas where it contributes to 16-78 % and 17-52 %
of cirrhosis cases, respectively, with differing rates across countries and
differing alcohol consumption patterns [7]. Further, the increasing
prevalence of obesity and type 2 diabetes have led to a doubling of
cirrhosis due to metabolic dysfunction-associated steatohepatitis
(MASH), the progressive form of metabolic dysfunction-associated
steatotic liver disease (MASLD), between 1990 and 2017 [1,2,7]. Pa-
tients with decompensation due to MASH more than tripled in this
period, indicating an alarming situation [1]. Furthermore, MASLD and
alcohol-related liver disease (ALD) are now the dominating causes of
liver transplantation [8], while the prevalence of MASLD is still rising
and affecting already approximately 38 % of the adult population
globally [9], and is estimated to 22.7 % in Sweden in a middle-aged
population [10]. Understanding the clinical courses of ALD- and
MASLD-cirrhosis to decompensated liver disease or HCC is hence
important for patients and caregivers. Both MASLD and ALD can be
regarded as slowly progressing diseases although the progression to
cirrhosis in patients with ALD is higher than in patients with MASLD,
with only 3 % of patients with MASLD developing cirrhosis over 15-20
years [11,12,13], compared to the same rate on annual basis in people
living with ALD with proven liver steatosis [14]. A systematic review
comparing the risks of hepatic decompensation in patients with liver
cirrhosis with different etiologies suggested that the 5-year risk of he-
patic decompensation is also higher in patients with ALD (33.6 +/-13.9
%) compared to patients with MASLD (23.6 +/- 7.8 %) but much het-
erogeneity existed in population characteristics and applied definitions
of hepatic decompensation among the included studies [3]. Heteroge-
neity is an important source of bias, since patients with decompensated
ALD-cirrhosis are more frequently hospitalized for ascites compared to
patients without excessive alcohol consumption, who present more
often with hepatocellular carcinoma (HCC) [15]. Moreover, studies
directly investigating patterns in hepatic decompensation or HCC
among etiologies of cirrhosis often combine patients with
non-alcohol-related causes of cirrhosis or are limited in sample size [3,
15].

A direct comparison of the risk of hepatic decompensation or HCC in
patients with ALD- or MASLD as underlying etiology of cirrhosis within
the same setting and an appropriate sample size has not been performed
to date. Using a nationwide cohort, we aimed to address this etiological
research question by directly comparing the risks of hepatic decom-
pensation or HCC, and subsequent death, in patients with ALD- and
MASLD-cirrhosis.

2. Patients and methods
2.1. Cohort

The DEcoding the epidemiology of LIVER disease in Sweden
(DELIVER) cohort was used to identify patients with ALD- and MASLD-
related cirrhosis in Sweden. The study is reported according to the
‘Strengthening the Reporting of Observational Studies in Epidemiology’
(STROBE) statement [16], checklist in supplementary material). The
DELIVER cohort covers data between 1964 and 2020 on International
Classification of Diseases (ICD) codes from the National Patient Register.
The DELIVER cohort also contains information from several other
Swedish registers through the Personal Identification Number [17]. The
used registers include for example information on dates of birth and
death, country of birth (using the Total Population Register), education
and other socio-demographic parameters (using the Longitudinal
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Integrated Database for Health Insurance and Labour Market Studies),
dispensed drugs since July 1, 2005 (using the Prescribed Drug Register),
causes of death (using the Causes of Death Register), and malignancies
(using the Cancer Register) [18]. The study was approved by the
Regional Ethics Committee in Stockholm, Sweden (dnr
2017/1019-31/1). Due to the register-based approach, informed con-
sent from the participants was not required.

2.2. Definition of ALD- and MASLD-cirrhosis

Patients were included in the period 2002-2020 using ICD-10 cod-
ing, using the period between 1998 and 2001 to define etiologies of
cirrhosis and make exclusions. Patients were included based on hospital-
based outpatient care records. Those with inpatient diagnoses of
cirrhosis prior to outpatient care were excluded. This was done to in-
crease the likelihood to include patients only with compensated disease
and provide generalizable results, since patients diagnosed in the inpa-
tient setting are more likely to be sicker with a poorer prognosis and
have decompensation earlier in the disease course. Both primary and
contributing diagnoses were used. Study baseline was defined as 90 days
after the first diagnosis of either ALD- or MASLD-cirrhosis. This 90-day
time window was used to allow for additional work-up after a first
diagnosis of cirrhosis and separate patients that at the first time point
might not be correctly classified (e.g. having ALD cirrhosis initially
misclassified as MASLD cirrhosis); to exclude patients with other liver
diseases and patients experiencing outcomes soon after initial cirrhosis
diagnosis, indicating severe disease already at the index date.

ALD-cirrhosis was defined as the date of either a code for ALD-
cirrhosis, or a code for cirrhosis in combination with a code for non-
cirrhotic ALD or alcohol use disorder. MASLD-cirrhosis was defined as
the date of either a code for MASLD or MASH in combination with a code
for cirrhosis or having coding for cirrhosis and a code for type 2 diabetes
or obesity, without any other liver disease (definitions detailed in
Supplementary Figure 1).

For instance, a patient diagnosed on January 1, 2005, with non-ALD
cirrhosis (K74.6) and type 2 diabetes diagnosed on February 1, 2005,
would be classified as compensated MASLD-cirrhosis if there were no
coding for other liver diseases, decompensation or HCC, or meeting the
definition of ALD until April 1, 2005, that would also be the start of
follow-up for this patient.

Patients with coding for both MASLD- and ALD-cirrhosis within the
90-day timeframe were defined as patients reaching criteria for ‘dual
etiology’ ALD- and MASLD-cirrhosis, who were included for explorative
purposes. In a sensitivity analysis we only included patients with specific
coding for ALD-cirrhosis (K70.3) and MASLD-cirrhosis (K74.6 + coding
for MASLD/MASH [K76.0 or K75.8]).

Patients diagnosed with any other liver disease prior to baseline were
excluded (definitions in Supplementary Table 1). Patients with hepatic
decompensation, HCC or liver transplantation at or before baseline were
also excluded, as well as patients younger than 18 years, those with
reused or wrongly coded personal identification numbers, and those
who died or emigrated from Sweden at or before baseline. The exclusion
criteria were applied back to 1998, which was the start of the use of ICD-
10 coding in Sweden. A flowchart of the patient selection process is
given in Fig. 1.

2.3. Outcomes

The primary outcome was the time to any first event of hepatic
decompensation, defined as a composite of ascites (R18), bleeding
esophageal varices (I85.0, 198.3), hepatic encephalopathy (Anatomical
Therapeutic Chemical (ATC)-code A07AA11 (rifaximin)) or other events
relevant to hepatic decompensation (chronic hepatic failure (K72.1),
hepatic failure, unspecified (K72.9), hepatorenal syndrome (K76.7)), or
HCC (C22.0).

Secondary outcomes were 1-, 2- and 5-year cumulative incidence of
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Screening population

All patients with an ICD-10 code K70.3 or K74.6 in the Swedish
National Patient Register 1998-2020 (n=39,794).
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Total n=13,617

Inclusion criteria not met
-K70.3 or K74.6 and no etiology, 1998-2001 n=1,498
-ALD or MASLD, 1998-2001 n=3,686
-K70.3 or K74.6 and no etiology, 2002-2020 n=8,433

Population with etiology

| 26,177 eligible patients with ALD or MASLD etiology |

Exclusions for ALD patients

~Re-used or wrongly coded personal identity, inclusion
date same as end of study, n=292

-Age < 18 years, n=2

-Emigrated before/at baseline, n=1,167

-Dead before/at baseline, n=2,690

~Specific liver discase beforc/at bascline, n=2,811
-Decompensation, HCC, or liver transplant before/at
baseline, n=4,320

~Socio-economic status data missing, n=36

v

MASLD
n=5,525

v

Both ALD and MASLD
n=4,810

Exclusions for MASLD patients
~Re-used or wrongly coded personal identity, inclusion
date same as end of study, n=176

-Age < 18 years, =3

-Emigrated before/at baseline, =234

-Dead before/at baseline, n=954

~Specific liver discase before/at baseline, n=1,226
-Decompensation, HCC, or liver transplant before/at
baseline, n=1,121

~Socio-economic status data missing, n=37

Exclusions for patients with both MASLD and ALD
“Re-used or wrongly coded personal identity, inclusion
date same as end of study, n=147

-Age < 18 years, n=1

-Emigrated before/at baseline, n=290

-Dead before/at baseline, n=949

~Specific liver discase beforc/at bascline, n=676
-Decompensation, HCC, or liver transplant before/at
baseline, n=1,282

~Socio-economic status data missing, n=7

-K70.3 in inpatient register before bascline, n=2,413
-K74.6 in inpatient register before baseline, n=451
Total n=14,182

-K70.3 in inpatient register before baseline, n=0
-K74.6 in inpatient register before baseline, n=831
Total n=4.582

-K70.3 in inpatient register before bascline, n=717
-K74.6 in inpatient register before baseline, n=220
Total n=4.289

D
,660

4

Both ALD and MASLD
n=521

Fig. 1. Flowchart for inclusion and exclusion of study participants. [abbreviations: ALD, alcohol-related liver disease; HCC, hepatocellular carcinoma; ICD:
International Classification of Diseases, MASLD: metabolic dysfunction-associated steatotic liver disease].

progression to ascites, bleeding esophageal varices, hepatic encepha-
lopathy or HCC and all-cause, liver-related, and non-liver-related mor-
tality, and liver transplantation after the first event of hepatic
decompensation or HCC. Liver-related mortality was considered as
outcome-related death, and non-liver related mortality as death because
of all other causes, using both primary and contributing causes of death.
Further, we calculated the frequencies of ascites, bleeding esophageal
varices, hepatic encephalopathy, and HCC as the first outcome, and at
any time, in patients with ALD- and MASLD-cirrhosis.

2.4. Adjustment parameters

Since this study addresses an etiological question, we selected a set of
potential confounders to adjust the risk estimates (directed acyclic graph
in Supplementary Figure 2), in addition to age and sex. Data on
diagnosed comorbidities in secondary or tertiary care, present at or prior
to baseline included non-bleeding esophageal varices, cardiovascular
disease (CVD), diabetes mellitus, and chronic obstructive pulmonary
disease (COPD) as a proxy for smoking and were identified using ICD-10
codes (definitions in Supplementary Table 2). Also, data on country of
birth, highest attained educational level (<10, 10-12 or >12 years), and
marital status were collected to adjust for socio-economic differences.
To account for differences in healthcare use and quality, information on
inclusion year, hospital type (university hospital or not), and the number
of any healthcare contacts in secondary or tertiary care in the year
preceding baseline were retrieved. To account for the current use of non-
selective beta-blockers (0-365 days before baseline), ATC codes corre-
sponding with carvedilol and propranolol were used from the Prescribed
Drug Register (definitions in Supplementary Table 2).

2.5. Statistical analyses

Categorical data were reported as frequencies with percentages and
continuous data were reported as medians with interquartile ranges
(IQR). Cohort characteristics were compared using a Wilcoxon rank-sum
test, Pearson’s chi-squared test, or two-sample t-test, as appropriate.
Outcomes requiring longitudinal analyses were analyzed using Cox
regression models with adjustment for potential confounders. Longitu-
dinal outcomes comparing ALD- to MASLD-cirrhosis were reported as
incidence rates per 1000 person-years and hazard ratios (HRs) with 95 %

106

confidence intervals (CIs). For the analyses on developing hepatic
decompensation or HCC, adjustments were done for age, sex, inclusion
year, education level, country of birth, marital status, diabetes mellitus,
CVD, COPD, non-bleeding esophageal varices, hospital type, and the
number of healthcare visits in the year preceding baseline. A model with
additional adjustment for non-selective beta-blockers was used for
explorative analysis. Censoring was done when a patient underwent
liver transplantation, died, emigrated, or upon reaching the end of the
study period (31 December 2020). Censoring was also done when a
patient developed another liver disease, including ALD or an alcohol use
disorder in the MASLD group, or MASLD in the ALD group after the 90-
day period, since misclassification between these diseases can be an
issue in register-based studies [19]. As a sensitivity analysis, we
considered non-outcome death as a competing risk. Here we used a Fine
& Gray competing risk regression model, adjusted for the same param-
eters as in the Cox model. The cumulative incidence for the primary
outcome of hepatic decompensation or HCC was calculated at 1, 2, and 5
years, with non-outcome death as a competing event using the
Aalen-Johansen estimator.

To analyze if mortality after a first hepatic decompensation event or
HCC differed between ALD and MASLD, Cox regression was performed
with adjustment for the same potential confounders, but without non-
bleeding esophageal varices. For the analysis on mortality, censoring
was done when a patient developed another liver disease, including ALD
or an alcohol use disorder in the MASLD group and MASLD in the ALD
group after the 90-day period, underwent liver transplantation,
emigrated, or upon reaching the end of the study period. For the analysis
on liver transplantation, censoring was done when a patient developed
another liver disease, including ALD or an alcohol use disorder in the
MASLD group and MASLD in the ALD group after the 90-day period,
died, emigrated, or upon reaching the end of the study period. Analyses
were performed using Stata 16.1 (StataCorp, College Station, TX) and R
version 4.4.1 (2024-06-14 ucrt) — "Race for Your Life".

3. Results
3.1. Cohort characteristics

A total of 1660 patients with compensated ALD-cirrhosis and 943
patients with compensated MASLD-cirrhosis were included (Fig. 1).
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Table 1
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Cohort characteristics at baseline. [abbreviations: ALD, alcohol-related liver disease; IQR, interquartile range; MASLD, metabolic dysfunction-associated steatotic

liver disease].

Parameter MASLD-cirrhosis, median

(IQR) or N (%)

ALD-cirrhosis, median
(IQR) or N (%)

p-value (ALD-cirrhosis vs
MASLD cirrhosis)

MASLD- and ALD- cirrhosis,
median (IQR) or N (%)

Included persons 943 1660
Age (years) 69 64
(62-75) (57-70)
Sex (male) 449 1152
(47.6 %) (69.4 %)
Year of diagnosis
2002-2005 41 237
(4.3 %) (14.3 %)
2006-2010 108 351
(11.5 %) (21.1 %)
2011-2015 263 425
(27.9 %) (25.6 %)
2016-2020 531 647
(56.3 %) (39.0 %)
Education
<10 years 299 512
(31.7 %) (30.8 %)
10-12 years 460 811
(48.8 %) (48.9 %)
>12 years 184 337
(19.5 %) (20.3 %)
Country of birth
Sweden (n/%) 759 1422
(80.5 %) (85.7 %)
Nordic except Sweden (n/%) 52 101
(5.5 %) (6.1 %)
European except Nordic (n/%) 56 88
(5.9 %) (5.3 %)
Other & Unknown (n/%) 76 49
(8.1 %) (3.0 %)
Marital status
Married 491 742
(52.1 %) (44.7 %)
Unmarried 136 338
(14.4 %) (20.4 %)
Widow 128 132
(13.6 %) (8.0 %)
Divorced 188 448
(19.9 %) (27.0 %)
Comorbidities
Diabetes mellitus 755 109
(80.1 %) (6.6 %)
Cardiovascular disease 256 204
(27.1 %) (12.3 %)
Chronic obstructive pulmonary disease 82 112
(8.7 %) (6.7 %)
Non-bleeding esophageal varices 220 304
(23.3 %) (18.3 %)
Healthcare characteristics
University hospital 358 537
(38.0 %) (32.3 %)
Number of any healthcare contacts in year 6 5
preceding baseline (4-10) (3-8)
Non-selective beta-blockers 186 267
(propranolol or carvedilol) (19.7 %) (16.1 %)

521

64
(58-70)
392
(75.2 %)

<0.001

<0.001

<0.001
33
(6.3 %)
69
(13.2 %)
124
(23.8 %)
295
(56.6 %)
0.85
163
(31.3 %)
252
(48.4 %)
106
(20.3 %)
<0.001
461
(88.5 %)
26
(5.0 %)
20
(3.8 %)
14
(2.7 %)
<0.001
264
(50.7 %)
108
(20.7 %)
23
(4.4 %)
126
(24.2 %)

384
(73.7 %)
115
(22.1 %)
48

(9.2 %)
101
(19.4 %)

<0.001

<0.001

0.069

0.002

178
(34.2 %)
6 <0.001
(4-10)
92

(17.7 %)

0.004

0.019

Patients with ALD-cirrhosis had a median age of 64 years (IQR 57-70)
while patients with MASLD-cirrhosis were older with a median age of 69
years (IQR 62-75). In the ALD-cirrhosis category, 69.4 % of the patients
were male, compared to 47.6 % in the MASLD-cirrhosis group. The
prevalence of CVD was 12.3 % in the ALD-cirrhosis group, compared to
27.1 % in the MASLD-cirrhosis group. Non-bleeding esophageal varices
were present in 23.3 % of patients with MASLD-cirrhosis and in 18.3 %
of patients with ALD-cirrhosis. Non-selective beta-blockers were
dispensed to 16.1 % of ALD-cirrhosis patients, and to 19.7 % of MASLD-
cirrhosis patients. For descriptive purposes, 521 patients were identified
with both coding for ALD- and MASLD-cirrhosis, with a median age of 64
years (IQR 58-70) and 75.2 % males, hence being comparable to the
ALD population (Table 1).

107

3.2. Risk of hepatic decompensation or hepatocellular carcinoma

The median follow-up times were 26 months (IQR 10-60) for pa-
tients with ALD-cirrhosis and 23 months (IQR 8-45) for patients with
MASLD-cirrhosis (overall median: 25 months (IQR 9-53)). In total, 581
(35 %) events of hepatic decompensation or HCC occurred in patients
with ALD-cirrhosis, and 284 (30 %) events in patients with MASLD-
cirrhosis, with incidence rates of 98 and 112 per 1000 person years,
respectively (Fig. 2 and Table 2). The cumulative incidence at one year
was 14.7 (95 %CI=13.0-16.6) for patients with ALD-cirrhosis, while it
was 13.4 (95 %CI=11.1-15.8) for patients with MASLD-cirrhosis. Cor-
responding numbers at two years were 22.6 (95 %CI=20.4-24.8) and
20.4 (95 %CI=17.6-23.4), and at five years 37.6 (95 %CI=34.8-40.3)
and 39.2 (95 %CI=35.0-43.3). Cumulative incidences were higher in
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Hepatic decompensation or hepatocellular carcinoma

s o
S =)
1 1

Cumulative incidence (%)
-
2
1

T T T
10 15
Follow-up (years)

Patients with ALD-cirrhosis

Patients with MASLD-cirrhosis

Fig. 2. Cumulative incidence curve for the primary outcome of any he-
patic decompensation event or hepatocellular carcinoma in patients with
ALD- and MASLD-cirrhosis. Non-outcome death was considered as a
competing event. [abbreviations: ALD, alcohol-related liver disease; MASLD,
metabolic dysfunction-associated steatotic liver disease].

male patients and in patients with non-bleeding esophageal varices at
baseline, irrespective of the etiology (Table 3).

In the adjusted analysis, rates of hepatic decompensation or HCC did
not significantly differ between patients with ALD-cirrhosis and MASLD-
cirrhosis (adjusted hazard ratio (aHR)=1.12, 95 %CI=0.88-1.41)
(Table 2). When additionally accounting for the use of non-selective
beta-blockers, there was still no statistically significant difference in
the rates of hepatic decompensation or HCC between patients with ALD-
and MASLD-cirrhosis (aHR=1.12, 95 %CI=0.89-1.42). Subgroup ana-
lyses were done for identifying patient profiles at particular risk for
hepatic decompensation or HCC. In patients without esophageal varices
(n = 2079), patients with ALD-cirrhosis appeared to have higher rates of
hepatic decompensation or HCC compared to patients with MASLD-
cirrhosis (aHR=1.48, 95 %CI=1.11-1.96). By contrast, in patients
with non-bleeding esophageal varices (n = 524), patients with ALD-
cirrhosis had a lower rate of hepatic decompensation or HCC when
compared to patients with MASLD-cirrhosis (aHR=0.55, 95 %
CI=0.34-0.88) (Table 2).

Since the competing risk for death could differ between ALD- and
MASLD-cirrhosis, a Fine & Gray competing risk regression was per-
formed. When taking the competing risk for non-outcome death into
account and adjusting for the same potential confounders as was done in
the Cox regression, the same rate was found (adjusted subdistribution
HR=1.12, 95 %CI=0.90-1.40). Using stricter coding criteria resulted in
a similar estimate (adjusted subdistribution HR=1.16, 95 %
CI=0.92-1.46)

3.3. Risk of individual hepatic decompensation events and hepatocellular
carcinoma

The risks for developing ascites, bleeding esophageal varices, hepatic
encephalopathy, and HCC, were also analyzed separately. Ascites was
the decompensation event that occurred most frequently, both as the
first outcome (18.9 % in ALD-cirrhosis, 13.2 % in MASLD-cirrhosis) and
at any time (20.1 % in ALD-cirrhosis, 15.6 % in MASLD-cirrhosis), in
both etiologies. Patients with coding for both ALD-cirrhosis and MASLD-
cirrhosis developed ascites in 17.1 % of the cases during the study
period. HCC developed in 5.6 % and 8.3 %, and bleeding esophageal
varices in 7.5 % and 7.3 % of patients with ALD- and MASLD-cirrhosis,
respectively. Hepatic encephalopathy occurred in none of the patients
with MASLD-cirrhosis as first decompensation event, and in one of the
patients with ALD-cirrhosis (Supplementary Table 3).

In the unadjusted analysis, patients with ALD-cirrhosis had a
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significantly lower risk for developing hepatic encephalopathy (HR
0.62, 95 %CI=0.41-0.95) and HCC (HR 0.51, 95 %CI=0.37-0.70)
compared to MASLD-cirrhosis (Fig. 3, incidence rates in Supplemen-
tary Table 4). When adjusted for potential confounders, no statistically
significant differences in the risks of ascites, bleeding esophageal vari-
ces, hepatic encephalopathy, or HCC were found (Supplementary
Table 5).

3.4. Mortality and liver transplantation after hepatic decompensation or
hepatocellular carcinoma in patients with ALD- and MASLD-cirrhosis

Potential differences in mortality and liver transplantation after
developing hepatic decompensation or HCC were investigated based on
the etiology of cirrhosis. Therefore, analyses were performed starting
from the first event of hepatic decompensation or HCC. The rate of
mortality per 1000 person-years was 243 in patients with ALD-cirrhosis
and 300 in patients with MASLD-cirrhosis (Supplementary Table 6).
Although no statistically significant differences were found in time to
death based on ALD or MASLD as etiology of decompensated cirrhosis or
HCC in a crude model (HR 0.95, 95 %CI=0.75-1.20) (Fig. 4 shows the
composite outcome and Supplementary Figure 3 shows ascites,
bleeding esophageal varices, hepatic encephalopathy, and hepatocellu-
lar carcinoma), the risk of mortality was lower in patients with ALD
compared to patients with MASLD when adjusted for potential con-
founders (aHR: 0.62, 95 %CI=0.39-0.97) (Supplementary Table 7 for
the composite outcome and Supplementary Table 8 for ascites,
bleeding esophageal varices, hepatic encephalopathy, and hepatocellu-
lar carcinoma). The lower risk of mortality in patients with ALD was
reproduced when analyzing liver-related mortality (aHR: 0.55, 95 %=
0.31-0.96) but did not reach statistical significance for non-liver-related
mortality (aHR: 0.75, 95 %=0.37-1.52) (Supplementary Table 7).

Patients with ALD as etiology of decompensated cirrhosis or HCC
received a liver transplant in 4.5 % of the cases, and those with MASLD
as underlying etiology in 6.3 % of the cases, resulting in similar chance
to receive a liver transplant (crude HR 0.67, 95 %CI=0.36-1.23)
(Supplementary Figure 4).

4. Discussion

ALD and MASLD are common liver diseases and globally important
and increasing causes of cirrhosis and HCC [7,8]. Since orthotopic liver
transplantation is the only curative treatment for decompensated
cirrhosis, it is important to understand the clinical trajectory of cirrhosis
with ALD or MASLD as underlying etiologies for prognostication and
healthcare resource allocation [20,21].

In this large population-based study with 2603 persons diagnosed
with compensated cirrhosis, we found that the risks of hepatic decom-
pensation or HCC in patients with ALD- and MASLD-cirrhosis were
comparable (5-year cumulative incidence for ALD-cirrhosis 37.6 %, and
MASLD-cirrhosis 39.2 %), also when considering a potential difference
in mortality rates between ALD and MASLD. Although it is well-known
that patients with ALD develop cirrhosis faster compared to patients
with MASLD [11,14], these data suggest that hepatic decom-
pensation/HCC rates are similar. Overall, the number of MASLD-related
cases of cirrhosis were substantially lower compared to ALD-related
cirrhosis in our study while it is globally an increasing cause of
cirrhosis [2]. Although the proportion of patients with cirrhosis due to
MASLD is also increasing in Sweden, reaching 14.5 % of all cases be-
tween 2014 and 2017 [22], and MASLD even has become the leading
cause of HCC in Sweden since 2017 [23], misclassification of MASLD as
a cause of cirrhosis might have caused bias in favor of MASLD as a cause
of cirrhosis. Indeed, we previously showed that MASLD is likely often
misclassified, since around 17 % of patients with MASLD in a Swedish
cohort also had a diagnosis of an alcohol-related condition [19]. How-
ever, this imbalance in cirrhosis diagnoses might reflect the under-
diagnosing of MASLD because of unawareness of MASLD in the general
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Table 2

Hepatic decompensation or hepatocellular carcinoma in patients with ALD-cirrhosis and patients with MASLD-cirrhosis. Hepatic decompensation or HCC
rates presented as incidence rates per 1000 person years and as a longitudinal model comparing ALD- to MASLD-cirrhosis. Brackets denote 95 % confidence intervals.
Adjustments were done for age, sex, inclusion year, education level, country of birth, marital status, diabetes mellitus, cardiovascular disease, chronic obstructive
pulmonary disease, non-bleeding esophageal varices, hospital type (university hospital or not), and the number of healthcare visits in the year preceding study
baseline. MASLD-cirrhosis was used as the reference in the Cox regression model. [abbreviations: ALD, alcohol-related liver disease; MASLD, metabolic dysfunction-
associated steatotic liver disease].

Parameter Number of Number of events,  Incidencerate /1000 person  Incidence rate / 1000 person Crude hazard Adjusted hazard
events, ALD MASLD years, ALD years, MASLD ratio ratio
All patients 581/1660 284/943 98.4 111.8 0.98 1.12
(35.0 %) (30.1 %) (90.6;106.7) (99.4;125.6) (0.84;1.13) (0.88;1.41)
Sex
Men 426/1152 147/449 109.3 133.2 0.93 1.00
(37.0 %) (32.7 %) (99.4;120.2) (113.3;156.7) (0.76;1.12) (0.75;1.34)
Women 155/508 137/494 77.2 95.3 0.89 1.40
(30.5 %) (27.7 %) (65.9;90.4) (80.5;112.7) (0.70;1.13) (0.92;2.12)
Year of diagnosis
2002-2005 99/237 17/41 77.0 82.0 1.03 1.44
(41.8 %) (41.5 %) (63.2;93.8) (50.9;132.0) (0.61;1.73) (0.60;3.44)
2006-2010 157/351 55/108 83.3 118.1 0.76 1.00
(44.7 %) (50.9 %) (71.2;97.4) (90.7;153.9) (0.55;1.04) (0.61;1.63)
2011-2015 188/425 112/263 114.3 111.9 1.03 1.03
(44.2 %) (42.6 %) (99.0;131.9) (93.0;134.8) (0.81;1.30) (0.71;1.51)
2016-2020 137/647 100/531 125.7 115.2 1.09 1.45
(21.2 %) (18.8 %) (106.2;148.6) (94.7;140.2) (0.84;1.42) (0.93;2.26)
Education
<10 years 172/512 101/299 94.9 139.5 0.79 0.83
(33.6 %) (33.8 %) (81.7;110.2) (114.7;169.6) (0.61;1.02) (0.51;1.35)
10-12 years 286/811 132/460 99.4 103.1 1.05 1.14
(35.3 %) (28.7 %) (88.5;111.6) (86.8;122.3) (0.85;1.30) (0.82;1.60)
>12 years 123/337 51/184 101.2 95.1 1.18 1.56
(36.5 %) (27.7 %) (84.8;120.8) (72.2;125.2) (0.84;1.64) (0.95;2.56)
Country of birth
Sweden (n/%) 497/1422 229/759 98.6 111.7 0.97 1.10
(35.0 %) (30.2 %) (90.2;107.7) (98.1;127.2) (0.83;1.14) (0.85;1.43)
Nordic except Sweden (n/%) 33/101 17/52 104.2 150.1 0.83 1.11
(32.7 %) (32.7 %) (74.1;146.7) (93.2;241.5) (0.46;1.50) (0.31;3.94)
European except Nordic (n/%) 36/88 21/56 108.3 151.6 0.81 0.96
(40.9 %) (37.5 %) (78.1;150.2) (98.8;232.5) (0.47;1.41) (0.38;2.41)
Other & Unknown (n/%) 15/49 17/76 69.8 70.9 1.18 2.11
(30.6 %) (22.4 %) (42.0;115.8) (44.1;114.2) (0.58;2.40) (0.70;6.35)
Marital status
Married 282/742 165/491 107.1 123.4 0.95 1.11
(38.0 %) (33.6 %) (95.2;120.4) (105.9;143.8) (0.78;1.16) (0.81;1.51)
Unmarried 95/338 44/136 73.7 115.2 0.74 0.85
(28.1 %) (32.4 %) (60.2;90.2) (85.7;154.8) (0.51;1.07) (0.48;1.50)
Widow 39/132 31/128 92.8 92.7 1.05 1.04
(29.5 %) (24.2 %) (67.7;127.0) (65.2;131.9) (0.65;1.69) (0.37;2.91)
Divorced 165/448 44/188 105.5 90.2 1.32 1.49
(36.8 %) (23.4 %) (90.5;122.9) (67.1;121.3) (0.94;1.85) (0.87;2.55)
University hospital
No 399/1123 183/585 102.3 132.1 0.89 0.99
(35.5 %) (31.3 %) (92.7;112.8) (114.2;152.7) (0.74;1.07) (0.73;1.34)
Yes 182/537 101/358 90.8 87.4 1.10 1.43
(33.9 %) (28.2 %) (78.5;105.0) (71.9;106.3) (0.86;1.41) (0.98;2.08)
Comorbidities
Diabetes mellitus, no 546/1551 41/188 97.0 67.7 1.53 1.33
(35.2 %) (21.8 %) (89.2;105.5) (49.8;92.1) (1.11;2.11) (0.95;1.86)
Diabetes mellitus, yes 35/109 243/755 126.0 125.5 0.99 0.90
(32.1 %) (32.2 %) (90.4;175.6) (110.6;142.4) (0.69;1.42) (0.61;1.33)
Cardiovascular disease, no 520/1456 206/687 97.6 106.3 1.03 1.19
(35.7 %) (30.0 %) (89.5;106.4) (92.7;121.9) (0.87;1.22) (0.92;1.54)
Cardiovascular disease, yes 61/204 78/256 105.5 129.1 0.84 0.80
(29.9 %) (30.5 %) (82.0;135.6) (103.4;161.3) (0.60;1.19) (0.44;1.46)
Chronic obstructive 541/1548 267/861 97.0 111.8 0.96 1.10
pulmonary disease, no (34.9 %) (31.0 %) (89.1;105.6) (99.1;126.1) (0.83;1.12) (0.86;1.41)
Chronic obstructive 40/112 17/82 121.2 110.6 1.14 1.15
pulmonary disease, yes (35.7 %) (20.7 %) (88.9;165.3) (68.7;178.0) (0.63;2.04) (0.40;3.26)
Non-bleeding esophageal 446/1356 179/723 90.2 86.5 1.15 1.48
varices, no (32.9 %) (24.8 %) (82.2;99.1) (74.7;100.2) (0.96;1.37) (1.11;1.96)
Non-bleeding esophageal 135/304 105/220 140.1 222.6 0.71 0.55
varices, yes (44.4 %) (47.7 %) (118.3;165.9) (183.8;269.5) (0.54;0.92) (0.34;0.88)
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Table 3

Cumulative incidences (in percentage) of hepatic decompensation or hepatocellular carcinoma at 1, 2, and 5 years in patients with ALD- and MASLD-

cirrhosis. Brackets denote 95 % confidence intervals. [abbreviations: ALD, alcohol-related liver disease; MASLD, metabolic dysfunction-associated steatotic liver
disease].

Parameter 1 year, ALD 1 year, MASLD 2 years, ALD 2 years, MASLD 5 years, ALD 5 years, MASLD

Total cohort 14.7 13.4 (11.1;15.8) 22.6 20.4 37.6 39.2
(13.0;16.6) n =943 (20.4;24.8) (17.6;23.4) (34.8;40.3) (35.0;43.3)
n = 1660

Sex

Male 16.4 16.9 24.2 23.8 41.1 44.5
(14.3;18.8) (13.4;20.8) (21.6;26.9) (19.6;28.3) (37.7;44.4) (38.1;50.8)
n=1152 n = 449

Female 11.2 10.2 18.9 17.3 29.9 35.2
(8.5;14.2) (7.5;13.2) (15.4;,22.8) (13.7;21.2) (25.3;34.5) (29.7;40.6)
n =508 n = 494

Age at baseline

18-50 11.6 12.6 17.5 17.9 28.2 25.2
(7.1;17.3) (5.0;23.7) (11.8;24.1) (8.2;30.5) (20.8;36.1) (12.5;40.1)
n =168 n =50

51-65 15.3 10.9 23.4 17.3 39.3 37.3
(12.7;18.1) (7.5;15.1) (20.2;26.7) (12.8;22.4) (35.3;43.3) (30.0;44.6)
n =756 n =297

66+ 15.0 14.7 22.9 22.4 38.3 41.5
(12.4;,17.8) (11.8;17.9) (19.6;26.3) (18.8;26.2) (33.9;42.6) (36.1;46.7)
n=1736 n =596

Non-bleeding esophageal varices 19.4 22.8 26.7 32.4 50.2 61.1
(15.0;24.2) (17.2;28.8) (21.5;32.1) (25.7;39.2) (43.4;56.7) (52.3;68.8)
n =304 n =220

a Ascites b Bleeding esophageal varices
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Fig. 3. Cumulative incidence curves for ascites, bleeding esophageal varices, hepatic encephalopathy, and hepatocellular carcinoma in patients with
ALD- and MASLD-cirrhosis. a. Cumulative incidence of ascites in patients with ALD- and MASLD-cirrhosis. b. Cumulative incidence of bleeding esophageal varices
in patients with ALD- and MASLD-cirrhosis. c. Cumulative incidence of hepatic encephalopathy in patients with ALD- and MASLD-cirrhosis. d. Cumulative incidence
of hepatocellular carcinoma in patients with ALD- and MASLD-cirrhosis. Non-outcome death was considered as a competing event. [abbreviations: ALD, alcohol-
related liver disease; MASLD, metabolic dysfunction-associated steatotic liver disease].
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population and clinical care outside hepatology [24], and we accounted diagnosed throughout the past decades, which might mask a potentially

for this risk of misclassification through strict censoring criteria. How- higher risk of hepatic decompensation or HCC in patients with

ever, only the most advanced cases of MASLD-cirrhosis could have been ALD-cirrhosis. We were unable to adjust for cirrhosis severity at baseline
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Mortality after hepatic decompensation or hepatocellular carcinoma
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T T T T T T
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Follow-up (years)
Number at risk
Patients with MASLD- 241 74 20 5 2 0
cirrhosis
Patients with ALD- 467 165 78 42 20 12
cirrhosis

Fig. 4. Cumulative incidence curve for mortality after the first hepatic
decompensation event or hepatocellular carcinoma in patients with ALD-
and MASLD-cirrhosis. [abbreviations: ALD, alcohol-related liver disease;
MASLD, metabolic dysfunction-associated steatotic liver disease].

other than the presence of non-bleeding esophageal varices and the use
of non-selective beta blockers.

A study based on the UK General Practice Research Database
compared the rate of hepatic decompensation between patients with
alcohol-related cirrhosis (n = 1493 at risk for decompensation) to a
group with a mixed etiology of non-alcohol-related cirrhosis (n = 1630
at risk for decompensation) between 1987 and 2002. The risk of hepatic
decompensation (adjusted for age and sex) between 1987 and 2002 in
the first year after diagnosis of cirrhosis was 37.6 % in patients with
ALD-cirrhosis and 25.2 % in patients without alcohol consumption as
underlying etiology, indicating a cohort with more severe disease
compared to the current study. These data suggest a higher decompen-
sation rate in alcohol-related compensated cirrhosis, although the non-
alcohol related group also consisted of patients with treatable dis-
eases, including auto-immune hepatitis and viral hepatitis [25].
Although we found lower decompensation rates in both ALD and
MASLD, the rates of decompensation did not statistically differ between
ALD- and MASLD-cirrhosis in our study. These differences in progression
rates point to the importance of analyzing pure etiologies of cirrhosis
instead of combining diseases that can cause cirrhosis in a
non-alcohol-related category and highlight the potential of MASLD to
progress to severe outcomes. Furthermore, a well-designed retrospective
study of prospectively collected data found that 33 % of patients with
pure MASLD-cirrhosis experience a first decompensation event in the
first 4 years after diagnosis [11], which falls in between the cumulative
incidences of 20.4 and 39.2 at 2- and 5-years follow-up that we found.
These data suggest that, although patients in the MASLD-cohort were 5
years older than patients in the ALD-cohort, our risk estimates are ac-
curate and a representation of the real-life situation. Further, we found
that the risk of mortality after hepatic decompensation or HCC is lower
in ALD compared to MASLD, underscoring the importance of screening
for MASLD at the general population level [26].

Our study should be interpreted in the context of its limitations. First,
although we used a robust design to minimize the risk that patients with
MASLD-cirrhosis were misclassified as ALD (by introducing a 90-day
time window prior to baseline, and censoring patients that “changed”
disease thereafter), misclassification is still possible since undisclosed
high alcohol consumption cannot be ruled out. Further, there does not
exist a historical code for MetALD and therefore patients with MASLD
and moderate alcohol consumption might not have been captured in the
‘dual’ etiology category. In regard of diagnostic criteria for MASLD, we
did not specially ascertain the presence of cardiometabolic risk factors
that are required in conjunction to liver steatosis for making the definite
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diagnosis because cardiometabolic risk factors are undercoded,
although risking that patients with liver steatosis from cryptogenic
origin were classified as having MASLD [27]. Yet, evidence suggests that
historical coding for ‘non-alcoholic fatty liver disease’ and ‘non-alco-
holic steatohepatitis’ can be used interchangeably with MASLD and
MASH, respectively [28].

In line with this, we lack granular insights on cirrhosis severity at
diagnosis, although a higher proportion of patients with non-bleeding
esophageal varices in the MASLD group may suggest these patients
had somewhat more severe liver disease at baseline. The potentially
more severe disease in patients with MASLD-cirrhosis was also reflected
by the higher use of non-selective beta-blockers, suggesting the presence
of clinically significant portal hypertension [29], although it did not
modify the risk estimate. However, it should be noted that the Pre-
scribed Drug Register only contains information on drugs effectively
dispensed in Swedish pharmacies, while it can neither account for
medication adherence or drugs given in a hospital setting [18]. Further,
we cannot rule out that a few patients with pre-cirrhotic disease (i.e.
histological F3 fibrosis) were included, which risks over-estimating
fibrosis severity [30].

Last, we could not determine if patients introduced lifestyle modi-
fications after receiving the diagnosis of cirrhosis, including cessation of
alcohol consumption, diet, and exercise, which can prevent hepatic
decompensation [2]. On the other hand, the cohort is representative of
the general population since the nationwide coverage allows for iden-
tification of all diagnosed patients in a single country, and the follow-up
time in combination with minimal loss to follow-up allowed for accurate
and precise risk estimates. In addition, exclusively patients with a new
diagnosis of cirrhosis in outpatient care were included, which limits
heterogeneity in disease severity. Furthermore, administrative coding
for MASLD in Sweden has a positive predictive value of 91 % [31] and
cirrhosis, ascites, bleeding esophageal varices, and HCC are validated
outcomes in the DELIVER cohort, with positive predictive values
generally above 90 % [32].

To conclude, despite risk for misclassification of disease etiology, this
study suggests that in a real-life situation where it may be difficult to
separate ALD and MASLD etiologies, decompensation/HCC rates in
patients with cirrhosis are similar following a first outpatient contact. In
addition, patients with MASLD-related hepatic decompensation or HCC
tend to have a higher risk of mortality.
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