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Graphical abstract

Social support and risk of mortality in liver cirrhosis: A cohort study
Social support and not cohabitation status influenced risk of mortality in cirrhosis, n = 541 individuals.
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Highlights Impact and implications

� Social relationships influence survival in the gen-

eral population.
� We studied social relationships in cirrhosis in

relation to HRQoL and mortality.
� Low social support, loneliness, and living alone

occurred more often in cirrhosis.
� Low social support and loneliness were associated

with low mental HRQoL and mortality in cirrhosis.
� Living alone vs. cohabitating was not associated

with HRQoL or mortality in cirrhosis.
https://doi.org/10.1016/j.jhepr.2022.100600
This study investigated the prevalence of weak social
relationships in individuals with cirrhosis and their
influence on health-related quality of life and risk of
mortality. Individuals with cirrhosis were nearly twice
as likely to report low social support, loneliness, and
to live alone than a matched comparison cohort. Low
social support and loneliness (functional measures of
social relationships) were associated with lower
mental health-related quality of life and increased risk
of mortality risk in cirrhosis, when adjusting for
known confounders. We hope that these results will
make healthcare providers aware of the functional
aspects of the social relationships of individuals with
cirrhosis, in addition to the traditional clinical man-
agement, and motivate further research of in-
terventions to strengthen the social support
of individuals with cirrhosis.
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Background & Aims: The function and structure of social relationships influence mortality in individuals within the general
population. We compared aspects of social relationships in individuals with cirrhosis and a matched comparison cohort and
studied their association with health-related quality of life (HRQoL) and mortality in cirrhosis.
Methods: Individuals with cirrhosis and comparators were identified among participants of the Danish National Health
Surveys 2010–2017. The surveys included questions on functional (social support and loneliness) and structural (living alone/
cohabitating and frequency of contacts with relatives and friends) aspects of social relationships and HRQoL (Short Form-12).
We estimated associations of aspects of social relationships with HRQoL and all-cause mortality in individuals with cirrhosis
through 2020.
Results: Of 541 individuals with cirrhosis and 2,157 comparators, low social support (22% in cirrhosis vs. 13% in comparators),
loneliness (35% vs. 20%), and living alone (48% vs. 22%) were more frequent in individuals with cirrhosis than comparators,
whereas the frequency of contacts with relatives and friends was similar. Except for living alone, weak functional and
structural social relationships were associated with lower mental HRQoL in those with cirrhosis. Physical HRQoL was only
marginally associated with social relationships. During 2,795 person-years of follow-up, 269 individuals with cirrhosis died.
Functional and not structural aspects of social relationships were associated with risk of mortality in cirrhosis. Specifically, the
adjusted hazard ratio was 1.4 (95% CI 1.1–1.9), p = 0.011, for low vs. moderate-to-high social support (functional aspect), and
1.0 (95% CI 0.8–1.3), p = 0.85 for living alone vs. cohabitating (structural aspect).
Conclusions: Individuals with cirrhosis have weaker functional and structural social relationships than matched comparators.
Weak functional relationships are associated with lower mental HRQoL and increased risk of mortality in individuals with
cirrhosis.
Impact and implications: This study investigated the prevalence of weak social relationships in individuals with cirrhosis
and their influence on health-related quality of life and risk of mortality. Individuals with cirrhosis were nearly twice as likely
to report low social support, loneliness, and to live alone than a matched comparison cohort. Low social support and lone-
liness (functional measures of social relationships) were associated with lower mental health-related quality of life and
increased risk of mortality risk in cirrhosis, when adjusting for known confounders. We hope that these results will make
healthcare providers aware of the functional aspects of the social relationships of individuals with cirrhosis, in addition to the
traditional clinical management, and motivate further research of interventions to strengthen the social support of individuals
with cirrhosis.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Social relationships influence survival through behavioural,
psychological, and biological mechanisms.1 In the general pop-
ulation, weak social relationships are associated with an
Keywords: Cirrhosis; Social support; Social relationships; Mortality; Alcohol-related
liver disease; Cohort study.
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increased mortality risk with an effect size comparable to daily
cigarette smoking.2,3 There are functional and structural aspects
to social relationships.1 The functional aspect of social relation-
ships includes social support and loneliness. Social support is
commonly described as the perceived supportive resources
available in one’s social network,1 and loneliness as the subjec-
tive state of discrepancy between one’s preferred and actual
levels of social contact.4,5 The structural aspect of social re-
lationships is the extent to which an individual participates in
social relationships, and it can be described by cohabitation
status and frequency of contact with relatives and friends.2 There
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is only a weak to moderate correlation between the functional
and structural aspects of social relationships.6 For instance, far
from all individuals who live alone report low social support or
loneliness,7–9 and as many as 10% of individuals who are
cohabitating and therefore have structural social support report
low social support or loneliness.7,8

Weak social relationships may be more prevalent in in-
dividuals with cirrhosis because of an association with under-
lying lifestyle factors. For example, heavy drinking, the dominant
cause of cirrhosis in Denmark, is associated with an increased
likelihood of living alone and with low social support.10–13

Further, individuals with weak social relationships have a
lower adherence with medical treatments.14,15 Therefore, in-
dividuals with cirrhosis who have weak social relationships may
be particularly vulnerable and have a poor prognosis.

Knowledge of the impact of social relationships in cirrhosis
could motivate studies of interventions to enhance social sup-
port in these individuals. There is recent evidence that in-
terventions can enhance social support and decrease
hospitalisation rates in selected medical patients,16–18 but these
studies did not consider cirrhosis.

We therefore conducted a historical cohort study in Denmark
of the prevalence of weak social relationships in individuals with
cirrhosis and matched comparators. We then investigated
whether weak social relationships affected health-related quality
of life (HRQoL) and risk of mortality in individuals with cirrhosis.
Patients and methods
In Denmark, citizens have access to universal, tax-financed
healthcare and social security benefits. As such, clinical and
material support is available to individuals with cirrhosis. We
identified individuals with cirrhosis and a matching comparison
cohort among the participants of the Danish National Health
Surveys (DNHS) 2010, 2013, and 2017. We used the personal
identification number given to all residents in Denmark to link
information at the individual level from the DNHS, which
included questions about social relationships and HRQoL, with
national registries on cirrhosis diagnoses and with vital statis-
tics.19 Individuals with cirrhosis were followed for mortality from
their participation in the DNHS through 2020.

Danish National Health Surveys
We used data from the 3 DNHS conducted in 2010, 2013, and
2017, described in detail elsewhere.20 In short, DNHS is based on
self-administered questionnaires completed digitally or by postal
mail by a random sample of Danish residents. Each cross-
sectional survey is representative nationally, regionally, and for
every municipality. The questionnaires contain approximately 55
key questions.

Around 300,000 individuals (aged >16 years) were invited to
participate in each survey year (2010, 2013, and 2017) and the
participation rates ranged from 54% to 60%. We extracted data on
aspects of social relationships, HRQoL, alcohol, and smoking.

Individuals with cirrhosis
We used the National Patient Registry to identify individuals
who had been diagnosed with cirrhosis before participating in
the DNHS (International Classification of Diseases, Tenth Revi-
sion [ICD-10] K70.3, K70.4, K74.6). The Danish National Patient
Registry includes data from inpatient and outpatient hospital
contacts since 1995, as well as inpatient data going back to
JHEP Reports 2023
1977.21 The treating physician specifies up to 20 diagnoses, coded
according to ICD-10 since 1994. We restricted the study cohort to
those individuals who had their first diagnosis of cirrhosis within
10 years before participating in the DNHS. A history of decom-
pensated cirrhosis at the time of participating in the DNHS was
defined according to the Baveno criteria as a history of variceal
bleeding or ascites, with or without spontaneous bacterial peri-
tonitis, as indicated by diagnostic and procedure codes registered
by the treating physician in the National Patient Registry.22

Table S1 shows the selection of the cohort. All diagnostic and
other codes are provided in Table S2.

Comparison cohort
We compared aspects of social relationships between individuals
with cirrhosis and comparators among the participants of the
DNHS. Weak social relationships are more prevalent in in-
dividuals with low socioeconomic status, which was also
observed in the DNHS.23 We matched comparators on educa-
tional level in addition to sex and age on the day of the cirrhosis
diagnosis. For each included patient with cirrhosis, we identified
4 comparators without cirrhosis among the participants in the
DNHS. Information on educational level was retrieved from the
Population Education Registry.24 We grouped educational level
according to the International Standard Classification of Educa-
tion (ISCED), noting that Denmark has no educational program
that corresponds to ISCED level 4, post-secondary non-tertiary
education.25 The following 3 educational levels were used in this
study: (1) ‘low’: <−10 years of duration corresponding to lower
secondary school or lower; (2) ‘medium-low’: 12 years of dura-
tion corresponding to vocational training or lower; (3) ‘medium-
high’ or ‘high’: >−14 years of duration corresponding to a bachelor
degree or higher. If educational level was missing (3%), a low
level of education was assumed.24

Aspects of social relationships
Information on social relationships was extracted from the
DNHS. Information on social support and loneliness described
the functional aspects of social relationships, whereas cohabi-
tation status and frequency of contact with relatives and friends
described the structural aspects (see Table S3 for measures used
to describe social relationships).

Social support can be in the form of emotional or tangible
support and further subdivided into received or perceived
support.1 We only had information on perceived emotional
support, which has the strongest associations with low mental
quality of life and survival,6 and was assessed by the question
‘Do you have someone to talk to if you have problems?’. We
dichotomised the 4 response options into ‘low’ and ‘moderate-
to-high’ social support, in which the responses ‘no, never, or
almost never’, and ‘yes, occasionally’ were interpreted as low
social support, and ‘yes, most of the time’, and ‘yes, always’
were interpreted as moderate-to-high social support. Loneliness
can be interpreted as the subjective state of discrepancy be-
tween one’s preferred and actual levels of social contact4,5 and
it may also be interpreted as a feeling that could also persist
even in social company.26 We only had data available of the first
definition of loneliness and this was assessed by the question:
‘Are you ever alone, although you would prefer to be together
with other people?’. We dichotomised the 4 response options
into ‘loneliness’ and ‘no loneliness’, in which the responses ‘yes,
often’ and ‘yes, occasionally’ were interpreted as loneliness and
the responses ‘yes, rarely’ and ‘no’ were interpreted as no
2vol. 5 j 100600



Table 1. Comparison of social relationships in individuals with cirrhosis and comparators participating in the Danish National Health Surveys 2010, 2013,
or 2017.

Prevalence (%) Cirrhosis Comparators*

Number 541 2,157
Cirrhosis aetiology

Alcohol 376 (70) —

Other 165 (30) —

Men 347 (64) 1,359 (63)
Age, median (IQR) 62 (55–68) 62 (56–69)
Low level of education, <−10 years 235 (43) 903 (42)
Functional aspects of social relationships
Social support

Low social support 122 (22) 293 (13)
Medium or high social support 419 (78) 1,864 (87)

Loneliness
Loneliness 192 (35) 431 (20)
No loneliness 349 (65) 1,726 (80)

Structural aspects of social relationships
Cohabitation status

Living alone 262 (48) 478 (22)
Cohabitation 279 (52) 1,679 (78)

Contact with relatives and friends*
<−2 times per week 163 (30) 722 (34)
>−3 times per week 346 (64) 1,325 (61)
Missing data 32 (6) 110 (5)

Comparators were matched on age, birth year, sex, and educational level.
* Defined as contact by phone, writing, or physical contact with relatives and friends that one is not living with.
loneliness. The questions used to measure social support
and loneliness have not been formally validated but are
included in validated questionnaires to assess social support
and loneliness.27,28

Information on cohabitation status was obtained by the
question: ‘Do you live together with other people?’ with the
subheading ‘I live with a spouse/partner/girlfriend/boyfriend’
with the response categories ‘yes’ and ‘no’. Information on
cohabitation status was missing in the DNHS in 5 (1%) of in-
dividuals with cirrhosis and in 17 (1%) of comparators, and for
these 22 individuals we obtained the cohabitation status from
the Family Registry.29 We categorised cohabitation status as
living alone or cohabitating. The following questions from the
DNHS were used to assess frequency of contacts with relatives
and friends: ‘How often are you in contact with family you do not
live with?’ and ‘How often are you in contact with friends you do
not live with?’ and for both questions it was noted that ‘contact
means that you are together, talk on the phone, write to each
other, etc.’ For both questions, the response categories were:
‘daily’; ‘several times a week’; ‘several times a month’; ‘less often
than once a month’; and ‘never’. We categorised frequency of
contacts with family and friends into at least 3 times per week
and 2 or fewer times per week, following the categorisation in a
prior study of structural aspects of social relationships and
mortality risk in the general Danish population, also based on the
DNHS.30

Covariates
We included information from the DNHS on HRQoL, alcohol
consumption, and smoking. HRQoL was assessed by the Short
Form-12 (SF-12). The SF-12 is a brief measure of HRQoL that
generates both a physical component score and a mental
component score, both ranging from 0 to 100. Higher score-
s indicate a better health status.31 Alcohol consumption was
assessed by obtaining information on the number of standard
alcohol drinks consumed each day during a typical week,
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with a standard drink containing 12 g of alcohol. Smoking was
categorised as current smoking or not.31 Comorbidity was
defined with the Charlson Comorbidity Index (CCI), based on
hospital diagnoses received during the 5 years prior to parti-
cipation in the DNHS and excluding diagnostic codes for
cirrhosis.32

Main analysis: association of social relationships with HRQoL
and risk of mortality in cirrhosis
We showed correlations of the included measures of social re-
lationships in the study and prepared cross tabulations of social
support, loneliness, cohabitation status, and frequency of con-
tacts with relatives and friends in individuals with cirrhosis and
comparators (Table S4).

Next, we prepared tables of clinical characteristics in
individuals with cirrhosis according to social support, loneliness,
cohabitation status, and frequency of contacts with relatives and
friends. We used linear regression to analyse the associations
between physical and mental HRQoL and social support,
adjusting for age, sex, CCI, smoking, alcohol consumption, and
time since cirrhosis diagnosis.

We used the Kaplan-Meier estimator to compute cumulative
all-cause mortality according to social support. We used Cox
regression to analyse the association between social support and
risk of all-cause mortality in individuals with cirrhosis. In-
dividuals with cirrhosis contributed observation time from
participation in the DNHS until death, emigration, or end of
follow-up on December 31, 2020, whichever occurred first. Time
since DNHS was the underlying time-axis and the analyses were
adjusted for age, sex, CCI, smoking, alcohol consumption, and
time since cirrhosis diagnosis. The proportional hazards
assumption was tested for each covariate and globally on the
basis of Schoenfeld residuals. No violations were detected. We
conducted the same analyses for loneliness, cohabitation status,
and frequency of contacts with relatives and friends as for social
support.
3vol. 5 j 100600



Table 2. Characteristics according to social support (a functional aspect of social relationships) in individuals with cirrhosis (n = 541) participating in the
Danish National Health Surveys 2010, 2013, or 2017.

Low social support Medium or high social support

Number 122 419
Other aspects of social relationships
Loneliness (functional aspect) 73 (60) 119 (28)
Living alone (structural aspect) 70 (57) 192 (46)
Contacts with relatives and friends <−2 per week (structural aspect)* 60 (53) 103 (26)
Demographic and clinical characteristics
Men 77 (63) 270 (64)
Age, median (IQR) 61 (54–68) 62 (55–68)
Low level of education 58 (48) 177 (42)
History of decompensation 50 (41) 207 (49)
>−5 years since cirrhosis diagnosis 37 (30) 137 (33)
Current alcohol drinkers 82 (67) 227 (54)
Alcohol amount in drinkers, median drinks per week (IQR) 15 (6–41) 12 (5–30)
Smoker 66 (54) 193 (46)
Charlson Comorbidity Index = 0 57 (47) 207 (49)
Charlson Comorbidity Index = 1 33 (27) 95 (23)
Charlson Comorbidity Index >−2 32 (26) 117 (28)
Physical health-related quality of life SF-12, median (IQR)† 35 (28–47) 37 (28–48)
Mental health-related quality SF-12, median (IQR)† 41 (31–52) 48 (39–57)

* Defined as contact by phone, writing, or physical with relatives and friends. Values on frequency of contacts with relatives and friends were missing in 32 individuals.
† Higher scores indicate better health; data for physical and mental SF-12 was missing in 112 individuals. SF-12, Short Form-12.

Research article
Risk of mortality in subgroups and analyses of other
outcomes
We analysed whether the associations between functional
and structural aspects of social relationships and risk of
mortality varied between subgroups of individuals with cirrhosis
(men/women, alcohol drinkers/alcohol abstainers, compensated/
decompensated cirrhosis). Moreover, we analysed the risk of all-
cause acute admission, the combined endpoint of risk of
decompensation or all-cause death, and liver-related death as
other outcomes instead of all-cause mortality risk.

Risk of mortality in comparators
Finally, we used Cox regression to analyse the association of
functional and structural aspects of social relationships with risk
of all-cause mortality in the comparators. In these comparators-
only analyses, we adjusted for age, sex, CCI, smoking, and alcohol
consumption.
Table 3. Associations of HRQoL* with aspects of social relationships in individ
Surveys 2010, 2013, or 2017.

Physic

Point difference in
score (

Functional aspects of social relationships
Social support, low vs. medium or high -1.6 (-
Loneliness, yes vs. no -3.4 (5.

Structural aspects of social relationships
Living alone vs. cohabitation -0.62 (-
Contact with relatives and friends per week, <−2
times vs. >−3 times per week

-2.6 (-0

HRQoL, health-related quality of life. Linear regression was conducted for each aspect o
comorbidity, smoking, alcohol consumption, and time since cirrhosis diagnosis.
* HRQoL was measured with the Short Form-12, which is rated 1–100 with higher scor
lower in those with loneliness than in those without loneliness. Data for physical and
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Results
We identified 541 individuals with cirrhosis and 2,157 compar-
ators matched on gender, age, and educational level among the
participants of the DNHS. Their median age at the time of the
survey was 62 years and 63% were men (Table 1). Individuals
with cirrhosis reported low social support more often than
comparators did (22% vs. 13%), and the same pattern was seen for
loneliness (35% vs. 20%), and living alone (48% vs. 22%), whereas
the percentages with 2 or fewer weekly contacts with relatives
and friends were similar (30% vs. 34%).
Individuals with cirrhosis
Clinical characteristics according to social relationships
Individuals with cirrhosis with weak social relationships were
more often current alcohol drinkers and smokers than in-
dividuals with stronger social relationships, and they were less
uals with cirrhosis (n = 429) who participated in the Danish National Health

al HRQoL Mental HRQoL

HRQoL
95% CI)

p value Point difference in HRQoL
score (95% CI)

p value

4.4-1.2) 0.26 -5.1 (-8.0−2.6) <0.001
9−0.95) 0.007 -9.3 (-11−6.8) <0.001

3.0-1.8) 0.61 -0.54 (-3.0-1.9) 0.66
.02−5.1) 0.05 -3.9 (-1.3−6.5) 0.003

f social relationships separately and adjusted for age, sex, history of decompensation,

es indicating better health. For instance, the negative values indicate that HRQoL was
mental Short Form-12 was missing in 112 individuals.

4vol. 5 j 100600
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Fig. 1. Box plots of physical and mental health-related quality of life (HRQoL)* according to aspects of social relationships in individuals with cirrhosis (n =
429) who participated in the Danish National Health Surveys 2010, 2013, or 2017. (A) Physical HRQoL; (B) mental HRQoL. *HRQoL was measured with the Short
Form-12 (SF-12), which is rated 1–100 with higher scores indicate better health; data for physical and mental SF-12 was missing in 112 individuals.
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likely to have a history of decompensated cirrhosis. This pattern
was seen for the functional aspects, social support (Table 2) and
loneliness (Table S5), and it was seen for one indicator of the
structural aspects, cohabitation status (Table S6). The other
structural aspect, frequency of contacts with relatives and friends
(Table S7), did not correlate with clinical characteristics.

Health-related quality of life according to social relationships
Adjusted logistic regression showed that individuals with
cirrhosis with weak social relationships had a lower mental
HRQoL than individuals with stronger social relationships,
however, there was no difference for those living alone vs.
cohabitating (Table 3 and Fig. 1). For example, individuals with
cirrhosis with low social support had a 5.1-point (95% CI 2.6–8.0),
p <0.001, lower mental HRQoL score than individuals with
cirrhosis with medium or high social support. Loneliness and low
frequency of contact with relatives and friends were associated
with lower physical HRQoL, but social support and cohabitation
status were not.

Functional aspects of social relationships and risk of all-cause
mortality
Individuals with cirrhosis were followed for 2,795 person-years
during which 269 individuals died. Lower social support was
associated with higher mortality risk in individuals with
cirrhosis with a 5-year mortality risk of 52% (95% CI 44–62) for
JHEP Reports 2023
low and 38% (95% CI 33–43) for moderate-to-high social support
(Fig. 2A). The adjusted hazard ratio (HR) for risk of mortality was
1.4 (95% CI 1.1–1.9), p=0.011, for low social support compared
with moderate or high social support (Table 4). A similar asso-
ciation was found for loneliness and risk of mortality (Fig. 2B and
Table 4).

Structural aspects of social relationships and risk of all-cause
mortality
Neither cohabitation status nor frequency of contacts with rel-
atives and friends were associated with risk of mortality in
cirrhosis (Table 4 and Fig. 2C and D). For example, the 5-year
mortality risk according to frequency of contacts with relatives
and friends was 46% (95% CI 39–55) for 2 or fewer weekly con-
tacts and 39% (95% CI 34–45) for 3 or more (Fig. 2D) and the 10-
year mortality risk according to frequency of contacts with rel-
atives and friends was 67% (95% CI 58–76) for 2 or fewer weekly
contacts and 63% (95% CI 56–69) for 3 or more, with an adjusted
HR over the entire follow-up period of 1.0 (95% CI 0.8–1.4), p =
0.74 (Table 4).

Risk of mortality in subgroups and analyses of other outcomes
Functional aspects of social relationships were more strongly
associated with risk of mortality among individuals with
compensated cirrhosis than among individuals with decom-
pensated cirrhosis (Fig. 3 and Table S8). In addition, some aspects
6vol. 5 j 100600



Table 4. HRs and 95% CIs of all-cause mortality according to aspects of social relationships in individuals with cirrhosis (n = 541) who participated in the
Danish National Health Surveys 2010, 2013, and 2017.

No. of deaths
(person-years)

Mortality rate per
100 person-years

Crude analysis Adjusted analysis*

HR (95% CI) p value HR (95% CI) p value

Functional aspects of social relationships
Social support

Low social support 74 (585) 13
Medium or high social support 195 (2,210) 8.8
Social support, low vs. medium or high 1.5 (1.1–1.9) 0.005 1.4 (1.1–1.9) 0.011

Loneliness
Loneliness 109 (908) 12
No loneliness 160 (1,888) 8.5
Loneliness, yes vs. no 1.4 (1.1–1.8) 0.004 1.5 (1.2–1.9) 0.003

Structural aspects of social relationships
Cohabitation status

Living alone 132 (1,354) 9.7
Cohabitating 137 (1,442) 9.5
Living alone vs. cohabitating 1.0 (0.81–1.3) 0.86 1.0 (0.82–1.3) 0.85

Contact with relatives and friends
<−2 times per week 84 (806) 10
>−3 times per week 161 (1,819) 8.9
<−2 times vs. >−3 times per week 1.2 (0.91–1.5) 0.21 1.0 (0.8–1.4) 0.74

HR of adjusting variables
Age, per 10-year increase 1.4 (1.2–1.6) <0.001
Men vs. women 1.3 (1.0–1.7) 0.07
Decompensation history, yes vs. no 1.3 (1.0–1.7) 0.01
Years since cirrhosis diagnosis 0.9 (0.9–1.0) 0.002
Charlson Comorbidity Index, 1 vs. 0 1.4 (1.0–1.9) 0.04
Charlson Comorbidity Index, >−2 vs. 0 1.5 (1.1–2.0) 0.009
Alcohol, drinking 1–20 drinks/week vs. abstaining 1.1 (0.8–1.4) 0.54
Alcohol, drinking >−21 drinks/week vs. abstaining 1.4 (1.0–1.9) 0.02
Smoking, yes vs. no 1.1 (0.8–1.4) 0.65

HR, hazard ratio. Analyses were conducted for each aspect of social relationships separately.
* Analyses were adjusted for age, sex, history of decompensation, comorbidity, smoking, alcohol consumption and time since cirrhosis diagnosis.
(social support and frequency of contact with relatives and
friends) were more strongly associated with risk of mortality
among women than among men. Finally, cohabitation status did
not affect risk of mortality in any subgroup.

Low social support increased the risk of the combined
endpoint of decompensation or mortality (HR 1.5 [95% CI
1.1–1.9], p = 0.007) and tended to increase the risk of a liver-
related death (HR 1.4 [95% CI 0.95–2.0], p = 0.09), but not of
acute admission (HR 1.2 [95% CI 0.93–1.5], p = 0.14) (Table S9).
Loneliness was associated with increased risk of acute admission
and with the combined endpoint of decompensation or mor-
tality and tended to be associated with a liver-related death. The
structural aspects of social relationships (cohabitation status and
frequency of contact with relatives and friends) were not asso-
ciated with these outcomes.

Comparators
Risk of mortality in comparators
Comparators were followed for 14,978 person-years during
which 237 of 2,175 comparators died. For the functional aspects,
loneliness and not social support was associated with increased
risk of mortality in comparators (Table S10) and this contrasted
the findings in individuals with cirrhosis where both social
support and loneliness were associated with risk of mortality. For
the structural aspects, living alone and not frequency of contact
with family and friends were associated with increased risk of
JHEP Reports 2023
mortality in comparators. In contrast, we found a lack of an as-
sociation of cohabitation status with mortality in individuals
with cirrhosis.
Discussion
This study showed that individuals with cirrhosis were more
likely to have weak functional social relationships (low social
support or loneliness) and to live alone than a matched com-
parison cohort, whereas the frequency of contacts with relatives
and friends was similar. Except for living alone, weak social re-
lationships were associated with lower mental HRQoL in in-
dividuals with cirrhosis whereas physical HRQoL was only
marginally associated. Individuals with cirrhosis who had low
social support had a higher mortality than those who had
moderate or high social support. The same pattern was seen for
loneliness, whereas cohabitation status and frequency of con-
tacts with relatives and friends did not influence risk of mortality
in individuals with cirrhosis.

This is the first study to compare functional and structural
aspects of social relationships among individuals with cirrhosis
with a matched comparison cohort and prospectively assess
their influence on mortality in cirrhosis. Except for frequency of
contacts with family and friends, the measures of social re-
lationships that we used have consistently been associated with
mental HRQoL and mortality both in the general population2,30,33
7vol. 5 j 100600
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Fig. 3. Mortality risk according to aspects of social relationships in subgroups (men, women, alcohol drinkers, alcohol abstainers, decompensated and
compensated cirrhosis) of individuals with cirrhosis (n = 541) who participated in the Danish National Health Surveys 2010, 2013, or 2017. (A) Social
support; (B) loneliness; (C) cohabitation status; (D) frequency of contacts with relatives and friends.
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and in individuals with heavy drinking or chronic medical
illness.5,11,13 The percentage of individuals with cirrhosis in our
study with low social support is comparable with findings from a
United States study of hepatitis C patients (22% vs. 27%).9

Our results may be affected by selection bias, leading to un-
derestimation of the true proportions of individuals with
cirrhosis suffering from low social support, loneliness, and living
alone. This bias results from non-participation in health surveys,
which is more common in vulnerable individuals including those
who live alone or are homeless.20 Their non-participation may
lead to an underrepresentation of individuals with cirrhosis with
such characteristics20 In fact, we have previously shown that
individuals with alcohol-related liver disease who live alone
were underrepresented in the DNHS (61% in the registry-based
cohort with full coverage vs. 50% in the DNHS cohort).34 Apart
from this non-participation bias, participants in the DNHS were
representative of all individuals in Denmark with alcohol-related
liver disease regarding disease severity and sociodemographic
characteristics. Because low social support and loneliness are
more frequent in individuals who live alone7–9 (Table S4), we
find it likely that we underestimated the true prevalence of weak
social relationships in individuals with cirrhosis in this study. For
example, the true prevalence of loneliness among individuals
with cirrhosis could be even higher than the 35% reported here.

The absence of an association between cohabitation status
and mortality in individuals with cirrhosis may partly be
explained by the underrepresentation of vulnerable individuals
who live alone. Moreover, there is evidence that cohabitation
JHEP Reports 2023
status is less important for survival in cirrhosis than in the
general population, which we also observed in the present study.
For example, in registry-based studies, the influence on mortality
of living alone vs. being married was weaker in individuals with
cirrhosis (relative risk of 1.2 [95% CI 1.0–1.4]) than in the general
Danish population (relative risk of 1.7 [95% CI 1.6–1.8]).35,36 This
difference in the influence of marriage on mortality might be
explained by the social relationships of individuals with cirrhosis
being less supportive or even negative, as reported for in-
dividuals with alcohol problems in general11,12 – an interpreta-
tion backed up by our finding that individuals with cirrhosis who
were cohabitating were more likely than comparators who were
cohabitating to report loneliness (25% vs. 13%) (Table S4). A
similar explanation of less supportive relationships may account
for the absence of an association between frequency of social
contacts and mortality in cirrhosis.

The higher prevalence of weak functional relationships in
individuals with cirrhosis than comparators found in this study
might be ascribed to the influence of poorer physical health in
cirrhosis leading to social isolation, that is, reverse causation
bias. Lack of detailed clinical and laboratory data is a limitation
of this study. Physical HRQoL did correlate with level of lone-
liness but not with social support, and social support is less
affected by physical health than loneliness might be.37 Thus, we
think reverse causation bias could not explain the higher
prevalence of weak functional relationships in cirrhosis: it is
more likely that social isolation precedes a poor physical
health.38
8vol. 5 j 100600



It was somewhat surprising that we did not find an associa-
tion of social support with mortality risk in comparators in
contrast to the finding of a higher risk of mortality for low social
support in individuals with cirrhosis. However, we believe this is
best explained by an underpowered analysis and the fact that
64% of comparators were men: social support may have stronger
influence on survival in women, whereas loneliness has a
stronger influence on survival in men, similar to our results for
women and men with cirrhosis in the subgroup analysis
(Fig. 3).39,40

Social relationships are thought to affect survival through
behavioural, psychological, and biological mechanisms.1 First,
behaviourally, individuals with weak social relationships are
more likely to be heavy drinkers, smokers, eating a poor diet,
and be non-compliant with medical regimens,1,15,41 and indeed
we observed a higher alcohol consumption in individuals with
cirrhosis with low social support and loneliness. Heavy drinking
may contribute to the association of low social support and
loneliness with increased mortality risk in individuals with
cirrhosis.11 Although we did adjust the analyses for alcohol
consumption at baseline, it is a limitation of our study that we
did not have information on alcohol consumption during
follow-up. The absence of an association of low social support
with decompensation that we found may reflect a lower like-
lihood of attendance to outpatient clinics with decompensation
symptoms, but it may also indicate that low social support in-
creases mortality risk through other pathways than progression
in liver disease. Second, psychologically, low social support in-
creases stress and depression, both of which increase mortality
in the general population42 and in individuals with cirrhosis.43
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In fact, social support is thought to have a greater capacity to
reduce mortality in stressful circumstances – such as living with
cirrhosis.44 Third, biologically, research points to negative ef-
fects of low social support and loneliness on the immune and
neuroendocrine systems by affecting the hypothalamic–pitui-
tary–adrenal axis.45 For example, individuals with low social
support have fewer immune cells and are more susceptible to
infections.44,46 Individuals with cirrhosis may be particularly
vulnerable to these effects because of their compromised im-
mune system.47
Implications
We hope that these results will make healthcare providers aware
of the functional aspects of the social relationships of their in-
dividuals with cirrhosis, in addition to the traditional clinical
management of decompensation symptoms, comorbidity, and
health-risk behaviours. Randomised trials have shown a positive
effect of community-health worker intervention on social sup-
port and hospitalisation rates in individuals with chronic dis-
ease.16,17 Patient support groups could also be beneficial,
particularly if other social relations fail to provide true social
support.48 Further research is needed to study how social re-
lations may affect survival in cirrhosis and to understand the
relation between low social support and the stigmatisation that
many individuals with cirrhosis suffer from.49 At the population-
level, interventions are needed to target the negative perception
of liver disease. We hope that our findings could inspire rando-
mised trials of interventions to strengthen the social support of
individuals with cirrhosis.50
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