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assess changes in trends between 2010-2019.
Material and Methods: We performed a population-based study using Manitoba administrative health care
data, and two validated case-finding algorithms. Annual incidence and prevalence rates were estimated
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Keywords:

Gender using a generalized linear model with generalized estimating equations, adjusting for age and sex. Changes
Epidemiology in estimates were tested using linear trend regression models.

Disparity Results: Two algorithms estimated the number of prevalent cirrhosis to be 16,140 and 29,943 respectively.

Health policy, chronic liver disease The age- and sex-adjusted incidence rates increased over the study (from 149 to 264 cases per 100,000 popu-
lation in 2010, to 177 to 388 cases per 100,000 population in 2019). Cirrhosis incidence increased annually by
2-6 %, with the largest increase (6-8 % 95 % CI 7-9 %, p <0.0001) in those aged 18-44 years. Irrespective of the
algorithm used, females consistently exhibited higher cirrhosis incidence and prevalence compared to males
over time (P <0.0001). Prevalence demonstrated an upward trend among all age groups over time for both

algorithms (P < 0.0001).
Conclusions: This population-based study highlights concerning temporal trends in cirrhosis, characterized
by rising annual incidence and prevalence estimates, particularly among young adults and females. These
findings underscore the urgent need for comprehensive strategies that encompass prevention, early detec-
tion, and the delivery of high-quality healthcare and public health initiatives to effectively tackle this escalat-

ing health burden.

Crown Copyright © 2024 Published by Elsevier Espaiia, S.L.U. on behalf of Fundacién Clinica Médica Sur, A.C.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Cirrhosis, a progressive and often irreversible liver condition,
poses a significant and escalating global public health challenge. It is

Abbreviations: CI, Confidence Interval; ICD-9-CM, International Classification of Dis-
eases, 9th Revision, Clinical Modification; ICD-10-CA, International Classification of
Diseases, 10th Revision, Canadian Enhancement; MASLD, Metabolic Dysfunction-Asso-
ciated Steatotic Liver Disease; MASH, Metabolic Dysfunction-Associated Steatohepati-
tis; MHIR, Manitoba Health Insurance Registry; SAS, Statistical Analysis System; SD,
Standard Deviation
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characterized by the formation of scar tissue in the liver, a conse-
quence of various factors, including chronic alcohol consumption,
viral hepatitis, metabolic dysfunction-associated steatotic liver dis-
ease/metabolic dysfunction-associated steatohepatitis (MASLD/
MASH). Cirrhosis can lead to severe complications, including liver
failure and hepatocellular carcinoma, contributing to over 2 million
deaths annually, which accounts for approximately 4 % of total global
mortality [1,2]. These conditions not only have a profound impact on
individual health but also place a substantial burden on healthcare
systems worldwide. In 2021 alone, cirrhosis was estimated to be
responsible for a significant loss of 560.4 age-standardized disability-
adjusted life years per 100,000 population [3,4].
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Understanding the evolving landscape of cirrhosis incidence and
prevalence is critical to addressing this growing health challenge. In
recent years, the dominant risk factors have shifted. Historically,
chronic hepatitis C and heavy alcohol consumption were the primary
causes of cirrhosis but advances in treatment reduced the burden of
chronic hepatitis C [5,6]. Instead, MASH has emerged as a leading
cause, closely tied to rising obesity, diabetes, and metabolic syn-
drome worldwide [7]. In Canada, MASH is now a significant cause of
cirrhosis, especially among postmenopausal females, and is projected
to become the primary cause by 2040 [8]. While viral hepatitis inci-
dence has declined in developed countries, alcohol consumption
remains high, particularly among young adults. Alcohol-associated
liver disease is a prominent concern, especially in younger popula-
tions [9]. These shifting trends emphasize the importance of ongoing
efforts to prevent and manage cirrhosis. Since both alcohol-associ-
ated liver disease and MASH are preventable, early detection and
management hold the potential to alleviate the burden of cirrhosis.

However, despite the pressing need for accurate and up-to-date
data to address this evolving landscape, there remains a significant
gap in the epidemiological estimates of cirrhosis over time. The lack
of comprehensive data hinders our understanding of future mortality
trends and healthcare needs for cirrhosis-related treatments such as
liver transplantation, esophageal banding, and specialized care. This
research sought to estimate cirrhosis incidence and prevalence in
Manitoba from 2010 to 2019, shedding light on changes in cirrhosis
rates across age groups and between males and females.

2. Materials and Methods
2.1. Data sources

This population-based study utilized administrative health care
data from Manitoba, Canada, a province with a population of approxi-
mately 1.3 million individuals. Manitoba, like other Canadian provin-
ces, operates a publicly funded healthcare system that systematically
collects data for healthcare services on nearly the entire population.
The data for this study were obtained from the Manitoba Population
Research Data Repository housed at the Manitoba Centre of Health
Policy in Canada. Importantly, these data are anonymized and pos-
sess the capability for individual-level linkage across databases and
over time through the utilization of a scrambled Personal Health
Identification Number derived from the Manitoba Health Insurance
Registry (MHIR). Diagnoses were coded according to either the Inter-
national Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) or the ICD 10th Revision, Canadian enhancement (ICD-
10-CA) diagnosis codes [10].

We linked three anonymized databases in this study: hospital dis-
charge abstracts, physician billing claims, and MHIR. The Discharge
Abstract Database captures diagnosis and procedure codes recorded
at the point of discharge from acute-care facilities. It provides a com-
prehensive overview of healthcare services rendered to patients in
these settings. The Medical Claims Database captures physician bill-
ings for both in-hospital and outpatient visits (each claim contains a
single ICD-9-CM diagnosis code). The MHIR encompasses a compre-
hensive record of all individuals registered with the provincial health
insurance plan and comprises information about dates of health
insurance coverage, reasons for termination of health insurance cov-
erage, and demographic attributes such as age, sex, and residence
location (postal code) for each resident. In addition, Statistics Census
data from 2011 and 2016 were used to define household income
quintile, an area-level measure of socioeconomic status. The integrity
and reliability of administrative health care data within the Manitoba
Population Health Data Repository have been rigorously validated
and documented in previous studies [11,12].
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2.2. Study population

The study population consisted of individuals 18 years of age or
older who registered in the MHIR for at least five years between Jan
1, 2005, and Dec 31, 2019.

2.3. Measuring cirrhosis

We applied two previously validated case-ascertainment algo-
rithms in our study population to identify cirrhosis cases [13,14];
Algorithm 1 required at least one hospitalization or at least two phy-
sician claims, and Algorithm 2 required at least one hospitalization or
physician claim for cirrhosis (Supplemental file for relevant diagnosis
and procedure codes). The estimates of sensitivity and specificity of
the algorithms when compared to a reference standard of validated
primary care case definition ranged from 43-68 % and 96-97 %,
respectively, using longitudinal data from 1998 to 2020 [14].

2.4. Statistical analysis

Baseline demographic and clinical characteristics of the incident
cirrhosis population are presented as frequencies, percentage and
mean (standard deviations; SD), as appropriate.

2.4.1. Annual incidence and prevalence rates

The crude and age- and sex- adjusted annual incidence, and prev-
alence rates were estimated (with corresponding 95 % confidence
intervals [95 % Cls]) by dividing the number of individuals aged
>18 years classified as having cirrhosis by the number of eligible
Manitobans in the study population on July 1 of each calendar year
for both ascertainment algorithms. To establish incidence, we used a
five-year look back window to confirm the individual had not
received any health services for cirrhosis previously and calculated
annual incidence from January 2010 onward. Individuals with prior
health services utilization for cirrhosis in these years were counted as
prevalent until they left the province, died, or reached the end of the
study (December 2019). This five-year washout period has been
used previously in cirrhosis studies based on administrative health
data[15].

2.4.2. Time Trend Analysis

Changes in incidence and prevalence rates were tested using gen-
eralized linear models with generalized estimating equations, in
order to account for correlation in the data [16]. A negative binomial
distribution was selected to model cirrhosis rates, as the dependent
variable [17]. In all the models, we adjusted for year (continuous vari-
able), age group (ordinal variable: (18-44, 45-64 and 65+ years), and
sex (categorical variable), with the natural algorithm of the Manitoba
population as the model offset. We considered a model to have a
good fit to the data when the ratio of the deviance to the degrees was
close to 1.

If a time trend was observed, the rates of change in incidence and
prevalence were analyzed by replacing the set of categorical variables
for the calendar year with a continuous variable defined as time (in
years). The terms of the age group variable multiplied by the time
variable and sex variable multiplied by the time variable were added
as covariates to examine the effects of the interaction between age
group and time, and sex and time, to test whether the rates of change
over time in incidence and prevalence differed across age groups and
between males and females. A statistically significant interaction
between time and a given age group; time and sex indicated that the
rate of change in incidence/ prevalence differed over time compared
with the reference age group (18-44 years) and sex (female). A nomi-
nal o =0.05 was adopted for all tests of statistical significance. SAS
version 9.4 (SAS Institute, Cary, NC, US) with the GENMOD procedure
was used for all analyses.
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2.5. Covariates

Calendar year, sex, age group, income quintile, Charlson comorbidity
Index scores, and geographic residence location (Winnipeg/urban and
non-Winnipeg/rural) were defined at the study index date. Age at the
index cirrhosis diagnosis was classified as 18-29, 30-49, 50-59, 60-69
and 70-79 and 80+ years. Income quintile is an area-level measure of
socioeconomic status defined using Statistics Canada Census data and
based on total household income for dissemination areas, the smallest
geographic unit for which Census data are publicly released [18]. Postal
codes from the MHIR were used to assign individuals to income quin-
tiles based on their geographic residence location. We captured the
presence of comorbidities using the Charlson Comorbidity Index [19]
from hospital discharge abstract and physician billing claims [20] with
a 1-year look back window prior to the cirrhosis index date. Liver dis-
ease was excluded from the Charlson Comorbidity Index, whereas liver
cancer was counted as comorbid cancer. The Index score was defined
as a categorical variable with values of 0, 1-2 and 3+ representing
absent, mild and moderate/severe comorbidities.

2.6. Ethical statement

This study involved human participants and was approved by the
University of Manitoba, Human Research Ethics Board: No. HS25263
(H2021:406). The Manitoba Government’s Health Information Pri-
vacy Committee (HIPC No. 2021/2022-26) waived the requirement
for individual informed consent on the basis that the study used de-
identified administrative data, none of the participants were directly
involved in the study, and there was low risk of any individual being
personally identified.

3. Results
3.1. Incidence and prevalence of cirrhosis
From 2010 to 2019, we identified 21,101 incident cases of cirrho-

sis with algorithm 1 (defined as having either >1 hospitalization or

Table 1
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>2 physician claims) and 36,309 cases with algorithm 2 (defined as
having either >1 hospitalization or >1 physician claim) in Manitoba.
Among these cases, 52 % were male, with a mean age of 50 years at
the time of diagnosis. Table 1 presents the baseline characteristics of
the entire cohort. Approximately 60 % of incident cases resided in
Winnipeg, and over 40 % of individuals with cirrhosis were catego-
rized to the bottom two income quintiles. Regardless of the algorithm
used for case identification, the distribution of sex, age, Charlson
comorbidity index, and income quintiles among people with cirrhosis
remained similar.

In 2019, we observed an overall crude estimated incidence of 202
(95 % CI 187.8-216.3) per 100,000 population and crude estimated
prevalence of 1.9 % (95 % CI 1.6-2.6) using algorithm 1 (>1 hospitali-
zation or >2 physician claims). In contrast, algorithm 2 (>1 hospitali-
zation or >1 physician claim) yielded an overall crude estimated
incidence rate of 411.8 (95 % CI 369.9-453.7) per 100,000 population
and a crude estimated prevalence rate of 3.6 % (95 % CI 3.0-4.2). Addi-
tionally, the proportion of incident cases that were female increased
from 46 % in 2010 to 50 % in 2019 when using algorithm 1 and from
47 %in 2010 to 51 % in 2019 when using algorithm 2.

3.2. Temporal trends for cirrhosis

Between 2010 to 2019 crude cirrhosis incidence estimates
increased by 20 % when using algorithm 1 (>1 hospitalization or >2
physician claims) and 58 % when using algorithm 2 (>1 hospitaliza-
tion or >1physician claim) (Fig. 1). The age- and sex- adjusted esti-
mated incidence rates showed a gradual increase over this period for
both algorithms. Specifically, the adjusted rates per 100,000 popula-
tion were as follows: for Algorithm 1, 149.7 (95 % CI 139.3-160.9) in
2010 and 177.2 (95 % CI 165.5-189.8) in 2019; for Algorithm 2, 264
(95 % CI1246.6-282.6) in 2010 and 388.8 (95 % CI 365.0-414.1) in 2019
(Fig. 2). On average, the estimated incidence increased by 2 % per
year (95 % ClI 1 % to 3 %, P = 0.0002 for linear trend) when using algo-
rithm 1, and by 6 % per year (95 % CI 5 % to 7 %, P <.0001 for linear
trend) when using algorithm 2, between 2010 and 2019 (Table 2).

Demographic characteristics at diagnosis index date for incident cases of cirrhosis from 2010 to 2019 and for the Manitoba population aged 18+

Variables
physician claims) Cirrhosis
incident cases (N=21,171)

Algorithm 1 (>1 hospitalization or >2

Algorithm 2 (>1 hospitalization or physician
claims) Cirrhosis
incident cases (N=36,309)

Manitoba Population
(N=100,1845)

Age at cirrhosis diagnosis mean (SD) years 51.6 (15.6)
Age group, years n ( %)

18-29 785 (3.7)
30-39 1560 (7.4)
40-49 2822 (13.3)
50-59 4969 (23.5)
6069 5663 (26.7)
70-79 3566 (16.8)
80+ 1856 (8.8)
Male n (%) 11090 (52.4)

Female n ( %)
Residence location

10131 (47.9)

Winnipeg n ( %) 12897 (61)
Non-Winnipeg n ( %) 8324 (39)
Charlson comorbidity Index score

0 13966 (66)
1-2 4432 (21)
>3 2823 (13)
Area-level household income quintile

1- Lowest 8491 (24.4)
2 7166 (19.7)
3 6827 (18.7)
4 7097 (19.7)
5 -Highest 6439 (16.9)
Not found/Missing value 289 (.9)

49.8(15.8) 43.6(203)
1733 (4.8) 200575 (20)
3237(8.9) 136287 (13.6)
5257 (14.5) 131998 (13.2)
8612 (23.7) 163045 (16.3)
9195 (25.3) 157901 (15.8)
5470 (15.1) 107728 (10.8)
2805 (7.7) 104311 (10.4)
18607 (51.2) 490326 (48.9)
17702 (48.8) 511519 (51.1)
21870(60.2) 431534 (43.1)
14439 (39.8) 570311 (56.9)

25301 (69.7) 816524 (81.5)

7024(19.3) 123222 (12.3)
3984 (11) 62099 (6.2)

8491 (23.4) 184634 (18.4)
7166 (19.7) 199276 (19.9)
6827 (18.8) 202208 (20.2)
7097 (19.5) 200560 (20.0)
6439 (17.7) 203509 (20.3)
289 (.8) 11658 (1.2)

SD = standard deviation.
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Incidence of cirrhosis by sex
Algorithm 1: 21 hospitalization or 22 physician claims
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B
Incidence of cirrhosis by sex
Algorithm 2: 21 hospitalization or 21 physician claims
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Fig. 1. Estimated incidence (A and B) and prevalence (C and D) of cirrhosis per 100,000 population overall and by sex from 2010 to 2019 for algorithm 1: >1 hospitalization or >2
physician claims and algorithm 2: >1 hospitalization or >1 physician claim.(A) Algorithm 1: Bar graphs showing incident cases for male, female and overall. (B) Algorithm 2: Bar
graphs showing incident cases for male, female and overall. (C) Algorithm 1: Bar graphs showing prevalent cases for male, female and overall. (D) Algorithm 2: Bar graphs showing

prevalent cases for male, female and overall.

Over the same ten-year span (2010-2019), the estimated preva-
lence rate increased by 2.4-fold when using algorithm 1 and 2.8-fold
when using algorithm 2 (Supplemental Fig. 2). Estimated prevalence
rates increased on average by 9 % per year (95 % CI 9 % to 10 %, P
<.0001 linear trend) with algorithm 1 and by 11 % per year (95 % CI
11 % to 12 %, P <.0001 linear trend) with algorithm 2 (Table 2).

3.3. Age-specific temporal trends for cirrhosis

The temporal trends in age-specific and sex-adjusted cirrhosis
incidence and prevalence estimates are shown in Fig. 3. Overall, the

highest incidence rates were observed among individuals aged 45-64
for both algorithms between 2010 and 2019.

For algorithm 1 (>1 hospitalization or >2 physician claims), the
incidence increased by an average of 4 % per year (95 % CI2 % to 5 %,
p <.0001) among individuals aged 18—44 and by 2 % per year (95 % CI
0.1 % to 3 %, p = 0.04) among those aged 45—64, but there was no sig-
nificant change in incidence among individuals aged 65 and over (0.2
%,95 % Cl.1%to2%,p=0.76). Conversely, with algorithm 2 (>1 hos-
pitalization or >1physician claim), incidence of cirrhosis increased
across all age groups, with the greatest average increase observed in
the youngest category, aged 18-44: 8 % per year (95 % Cl7 %t09 %, p
<0.0001); 45-64: 6 % per year (95 % CI 5 % to 7 %, p <0.0001) and 65+:
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Algorithm 1: >1H or >2P (1.8% per year, p=0.0002)
A —e—Algorithm 2: 21H or 21P (5.9% per year, p<0.0001)
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Algorithm 1: 21H or >2P (8.6% per year, p<0.0001)
—e—Algorithm 2: 21H or >1P (10.6%) per year, p<0.0001)

2000

1500

1000

Prevalent cases (per 100,000 population)

500

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 2. Age- and sex-adjusted incidence (A) and prevalence (B) of cirrhosis per 100,000 population in Manitoba, Canada.H: hospitalization; P: physician visit, Vertical whisker lines

represent 95 % confidence intervals using Gamma distribution.

4 % per year (95 % CI 3 % to 5 %, p <0.0001). The rate of change in the
incidence of cirrhosis was highest among the youngest age group
(18-44 years) for both algorithms. Estimated prevalence exhibited a
consistent increase across all age groups for both algorithms, with an
annual growth rate ranging from 9 % to 11 %. Notably, the rate of
change in prevalence remained similar across age groups over time.

3.4. Sex-specific temporal trends for cirrhosis

The temporal trends in sex-specific and age-adjusted cirrhosis
incidence and prevalence are displayed in Fig. 4. Among females,
both incidence and prevalence rates showed a statistically significant
increase over time when using both algorithms. In contrast, among
males, the increase in rates was only observed when using algorithm
2 (>1 hospitalization or >1physician claim) (Table 2). Specifically,
females experienced a more pronounced average annual increase of
7% (95 %Cl5%to 8%, p< 0.0001) compared to males when using
algorithm 2, who also saw an increase, albeit at a slightly lower rate
of 5 % per year (95 % Cl 4 % to 6 %, P < 0.0001) between 2010 and
2019. Furthermore, females exhibited a significantly higher rate of
change in cirrhosis incidence compared to males (P=0.0025). Esti-
mated prevalence increased among both sexes, but females

Table 2

demonstrated a higher rate of change in prevalence estimates of cir-
rhosis between 2010 and 2019 compared to males for both algo-
rithms.

4. Discussion

In this retrospective population-based study conducted in Mani-
toba, Canada, we observed a significant increase in the incidence of
cirrhosis over the study period. While the highest estimated inci-
dence rates were observed among middle-aged populations, it is
particularly concerning that the younger age category (18-44 years)
experienced the most substantial rise in cirrhosis incidence from
2010 to 2019. Furthermore, our analysis illuminated a steady
increase in cirrhosis incidence among females, now surpassing the
rates observed among males. These findings signal a troubling shift
in the burden of cirrhosis, affecting younger individuals and
females at an increasing rate. These trends are likely driven by
heavy alcohol consumption and escalating rates of obesity, under-
scoring the pressing need for preventive measures. In 2019, we
identified 649 incident cases likely attributed to ALD-associated cir-
rhosis using ICD codes for alcohol-related conditions. These cases
accounted for approximately 20 % of all new cirrhosis cases identi-
fied by algorithm 2.

Estimates for annual rate of change of cirrhosis incidence and prevalence from 2010 to 2019*.

Model Algorithm 1: >1 hospitalization or >2 physician claims  Algorithm 2: >1 hospitalization or physician claim
Estimate 95 % CI P value Estimate 95 % CI P value
Incidence, overall 0.02(0.01-0.03) 0.0002 0.06 (0.05-0.07) <.0001
Age 18-44 0.04 (0.02-0.05) <.0001 0.08 (0.07-0.09) <.0001
Age 45-64 0.02 (0.001-0.03) 0.04 0.06 (0.05-0.07) <.0001
Age 65+ 0.002 (-0.01-0.02) 0.77 0.04 (0.03-0.05) <.0001
Males 0.01 (-0.003-0.024) 0.12 0.05 (0.04-0.06) <.0001
Females 0.026 (0.01-0.04) 0.0001 0.07 (0.06-0.08) <.0001
Prevalence, overall  0.09 (0.09-0.10) <.0001 0.11(0.11-0.11) <.0001
Age 18-44 0.09 (0.07-0.10) <.0001 0.11 (0.09-0.13) <.0001
Age 45-64 0.03 (0.09-0.10) <.0001 0.12(0.11-0.12) <.0001
Age 65+ 0.09 (0.09-0.19) <.0001 0.12(0.11-0.13) <.0001
Males 0.09 (0.08-0.09) <.0001 0.11(0.10-0.11) <.0001
Females 0.09 (0.09-0.10) <.0001 0.12(0.12-0.13) <.0001

* Age/Sex adjusted slope estimates and 95 % confidence intervals (95 % Cls) for incidence and prevalence of cirrhosis.
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Algorithm 1: Age-specific temporal trends of cirrhosis
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B Algorithm 2: Age-specific temporal trends of cirrhosis

—o— 18-44 (7.7% per year, p=<0.0001)

45-64 (6.1% per year, p=<0.0001)

—o—65+ (3.7% per year, p<0.0001)

D Algorithm 2: Age-specific temporal trends of cirrhosis
—18-44 (10.9% per year, p<.0001)

45-64 (11.5% per year, p<.0001)
65+ (10.6% per year, p<.0001)
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Fig. 3. Age-specific temporal trends of cirrhosis incidence (A and B) and prevalence (C and D) per 100,000 population for Algorithm 1: >1 hospitalization or >2 physician claims and
Algorithm 2: >1 hospitalization or >1 physician claim (2010-2019)(A) Algorithm 1: Significant difference observed for younger age group 18-44 (p<0.0001) and 45-64 (p=0.04). (B)
Algorithm 2: Significant difference observed for all age groups (p<0.001). (C) Algorithm 1: Significant difference observed for all age groups (p<.0001). (D) Algorithm 2: Significant

difference observed for all age groups (p<0.0001).

The findings of this study highlight the ongoing and significant
disease burden imposed by cirrhosis, which not only strains the
healthcare system but also carries substantial socio-economic impli-
cations. The disproportionate impact on young and middle-aged indi-
viduals, who are in their prime working years, may lead to
considerable disruptions in employment, productivity, and income
due to cirrhosis-related health issues. Consequently, this translates
into an increased burden of disease-adjusted life years. Our study
underscores the urgency of directing more targeted efforts towards
cirrhosis and serves as a clear alarm for the healthcare system.

It is noteworthy that the rates of cirrhosis in Manitoba appear to
be higher than those reported in other population-based studies con-
ducted in Ontario [15], the United States [21], and Europe [22]. These
discrepancies may be due to several factors, including differences in
population demographics, healthcare access, screening practices, and
regional variations in risk factors and healthcare resources. Notably,
Manitoba exhibits elevated rates of cirrhosis risk factors, including
obesity, metabolic syndrome, and alcohol consumption [23,24].

Our study is consistent with recent research that has also reported
a higher incidence of cirrhosis among young adults and females in
North America and other regions where risk factors such as metabolic
syndrome and alcohol misuse are increasing [9,15,25]. These epide-
miological trends likely reflect a lack of early diagnosis of alcohol
liver disease and MASH, as well as the scarcity of effective therapies

for halting disease progression. The projected burden of MASH fur-
ther exacerbates the strain on the healthcare system, emphasizing
the urgent need for preventive measures. Heightened awareness and
education among patients and healthcare providers is imperative,
focusing on the consequences of unhealthy alcohol consumption, the
importance of regular screening for alcohol use disorder and MASH
in primary care settings, and the timely implementation of preven-
tion and intervention strategies to alleviate the growing burden on
healthcare resources.

4.1. Strength and limitations

The strengths of our study encompass the utilization of adminis-
trative health data, representing the entire Manitoba population over
15 years, allowing for a robust assessment of temporal trends. Addi-
tionally, we provided cirrhosis incidence and prevalence estimates
using two case-defining algorithms, each likely capturing individuals
at different stages of the disease course. One algorithm identified
individuals at a later stage of the disease with two physician visits,
while the other identified people in an early disease course with only
one physician visit. We acknowledge the inherent limitations of
administrative health databases, including the potential for misclassi-
fication bias [26]. To mitigate this bias, we captured patients only if
they had physician claims or hospitalizations with ICD-9 or ICD-10
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Algorithm 1: Sex-specific temporal trends of cirrhosis
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Algorithm 2: Sex-specific temporal trends of cirrhosis
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Fig. 4. Sex-specific temporal trends of cirrhosis incidence (A and B) and prevalence (C and D) per 100,000 population for Algorithm 1: >1 hospitalization or >2 physician claims and
Algorithm 2: >1 hospitalization or >1 physician claim (2010-2019)(A) Algorithm 1: No significant difference observed for both sexes (p>0.05). (B) Algorithm 2: Significant difference
observed for both male and female (p=0.0025). (C) Algorithm 1: Significant difference observed for all age groups (p<.0001). (D) Algorithm 2: Significant difference observed for all

age groups (p<0.0001).

diagnosis codes for cirrhosis, which have been previously shown to
be reliable and accurate [13,27]. While the algorithms used in the
study exhibited modest sensitivity and high specificity when com-
pared with diagnoses captured in primary care electronic medical
records, they showed higher sensitivity and accuracy when com-
pared with hepatology patients’ medical records [13]. These algo-
rithms offer valuable insights for different purposes in estimating
disease burden and healthcare planning. Challenges remain in defin-
ing the date of disease onset in administrative health data, and it is
possible that prevalent asymptomatic cirrhosis cases that rarely
interacted with the medical system were misclassified as incident
cases. Additionally, stigma associated with cirrhosis can significantly
impact healthcare access and utilization, particularly among lower-
income populations. Despite Canada’s universal healthcare system,
socioeconomic disparities may contribute to underreporting and
underdiagnosis, potentially leading to an underestimation of the true
disease burden. This issue and the potential for selection bias must
be acknowledged.

5. Conclusions

This population-based study highlights the temporal trends in cir-
rhosis, characterized by rising incidence and prevalence estimates,
particularly among young adults and females. The notable accelera-
tion in cirrhosis among females compared to males underscores the

urgency for further research to identify contributing risk factors.
These findings emphasize the imperative for healthcare planning and
interventions to curb the increasing burden of cirrhosis in these dem-
ographics.
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