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Background
Despite the recognised importance of mental disorders and
social disconnectedness for mortality, few studies have exam-
ined their co-occurrence.

Aims
To examine the interaction between mental disorders and three
distinct aspects of social disconnectedness on mortality, while
taking into account sex, age and characteristics of the mental
disorder.

Method
This cohort study included participants from the Danish National
Health Survey in 2013 and 2017 who were followed until 2021.
Survey data on social disconnectedness (loneliness, social isola-
tion and low social support) were linked with register data on
hospital-diagnosed mental disorders and mortality. Poisson
regression was applied to estimate independent and joint asso-
ciations with mortality, interaction contrasts and attributable
proportions.

Results
A total of 162 497 individuals were followed for 886 614 person-
years, and 9047 individuals (5.6%) died during follow-up. Among
men, interaction between mental disorders and loneliness, social
isolation and low social support, respectively, accounted for 47%

(95% CI: 21–74%), 24% (95% CI: −15 to 63%) and 61% (95% CI: 35–
86%) of the excess mortality after adjustment for demographics,
country of birth, somatic morbidity, educational level, income and
wealth. In contrast, among women, no excess mortality could be
attributed to interaction. No clear trendswere identified according
to age or characteristics of the mental disorder.

Conclusions
Mortality among men, but not women, with a co-occurring
mental disorder and social disconnectedness was substantially
elevated compared with what was expected. Awareness of
elevated mortality rates among socially disconnected men with
mental disorders could be of importance to qualify and guide
prevention efforts in psychiatric services.
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People with a mental disorder face markedly higher mortality rates
compared with the general population,1 resulting in an average
reduced life expectancy of 7.1 years for women and 10.1 years for
men.2 People with a mental disorder are also considerably more
likely to have diminished social connections,3 which has likewise
been established as a key determinant of mortality.4,5

Additionally, a reciprocal relation has been documented, where
people with a mental disorder are prone to become more socially
disconnected,6 while people with diminished social connections
are also more likely to develop a mental disorder.7 Previous
studies have shown that people with both a mental disorder and
diminished social connections are at increased risk of adverse out-
comes in terms of symptom severity, recovery and social function-
ing.8 Although some prior studies have also investigated diminished
social connections as a determinant of mortality in the context of
mental disorders, these findings have been inconclusive and incon-
sistent.9–15 Understanding the interplay of these risk factors could
be of importance to identify groups at high risk of premature
death, which can inform targeted prevention efforts and help to
shed light on the underlying causal factors in the observed life
expectancy gap.

The majority of prior studies have focused on individuals
with depression and are limited by small study populations (<4000
individuals)9–15 (for a full overview of previous studies see
Supplementary T1 available at https://doi.org/10.1192/bjp.2024.68).
To further investigate interaction between mental disorders and

diminished social connections on mortality, comprehensive studies
based on larger samples are needed. In addition, several studies
have reported results according to sex,9,12 age9 or characteristics of
the mental disorder.12 Exploration of results for subgroups is relevant
to clarify whether specific risk factors are of greater importance in
certain demographic or clinical groups. Therefore, we aimed to
examine whether mental disorders interact with three distinct
aspects of diminished social connections (loneliness, social isolation
and low social support) on mortality, while taking into account sex,
age and a range of characteristics of the mental disorder.

Method

Study design and population

We designed a cohort study of participants in the Danish National
Health Survey, linking self-reported information on social connec-
tions with national register data on mental disorders and mortality.
The Danish National Health Survey is a population-based survey
conducted every fourth year.16 The survey is based on five stratified
random samples from the Danish administrative regions and one
national random sample, drawn from individuals aged ≥16 years
in the Danish Civil Registration System.17 Based on the availability
of self-reported data on social connections, we included 162 604
survey participants from four regional samples in 2017 and one
regional sample in 2013. Survey invitations were sent via the
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regular postal service (2013, 2017) and a secure electronic mail
service (2017), and it was possible to participate either by paper
or online (i.e. mixed-mode approach) in both years.16 The overall
response rate was 57.5%. To account for non-response and selection
probabilities, we applied inverse probability weights constructed by
Statistics Denmark based on information from the national registers
using a model-based calibration approach.16 These weights have
been shown to account well for the underrepresentation of individuals
with amental disorder in theDanishNationalHealth Survey.18 Owing
to the population-based sample, 3426 (2.1%) of the responses came
from individuals who participated in both 2013 and 2017. To main-
tain the sample used for weighting, both responses from repeated par-
ticipants were included with time-specific exposure and covariate
information. The survey data were linked with register data using
unique personal identification numbers from the Danish Civil
Registration System.17 Only 107 individuals (0.07%) were excluded
owing to no register linkage at the time of the survey. The remaining
individuals (N = 162 497) were followed from the date of survey par-
ticipation until death, emigration or end of data availability (31
December 2021), whichever came first. A flowchart illustrating the
definition of the cohort is presented in Supplementary F1.

The study was registered with the Danish Data Protection
Agency at Aarhus University (file no. 2016-051-000001-2587) and
approved by Statistics Denmark and the Danish Health Data
Authority. All survey participants were informed that participation
was voluntary and that their survey data could be linked to registers
for research purposes. The respondents’ full or partial completion of
the survey constituted implied consent. No further ethical approval
is required for registry-based research in Denmark. Data were
accessed and analysed in a pseudo-anonymous form on secure
servers located at Statistics Denmark.

Measures
Social connections

Loneliness, social isolation and low social support were assessed in the
Danish National Health Survey. Loneliness is commonly defined as
an undesirable emotional state resulting from a perceived lack of
social contact19 and was assessed with the Danish version of the
Three-Item Loneliness Scale.20,21 In 2013, one of the three items
was phrased slightly differently, but the scale has demonstrated
good internal consistency at both time points.22 We classified indivi-
duals scoring 7 or higher as experiencing loneliness, corresponding to
the most conservative dichotomisation of severe loneliness applied in
the literature.23 Social isolation refers to the objective state of having
limited social contact24 and was assessed through quantification of
different areas of social contact inspired by the Berkman-Syme
Social Network Index.25 Specifically, we measured social isolation
using an index based on four indicators of social contact: (a) living
alone (yes = 1, no = 0), (b) not employed and not enrolled in educa-
tion (yes = 1, no = 0), (c) less than monthly contact with friends (yes
= 1, no = 0) and (d) less than monthly contact with family outside of
the household (yes = 1, no = 0). We classified individuals with a score
of 3 or 4 as socially isolated. Social support comprisesmultiple dimen-
sions; we focused specifically on perceived emotional support.26

Inspired by the MOS Social Support Instrument,27 social support
was assessed with the single-item ‘Do you have someone to talk to
if you have problems or need for support?’, and the four response
options ‘Yes, always’, ‘Yes, mostly’, ‘Yes, sometimes’ and ‘No, never
or almost never’. The two last-mentioned response options were clas-
sified as low social support.

Mental disorders

Information on mental disorders in the 18 years preceding survey
participation was obtained from the Danish Psychiatric Central

Research Register, which since 1 January 1995 contains diagnostic
data on emergency room contacts, out-patient visits and admissions
to psychiatric hospital services in Denmark.28 Diagnoses were
based on the International Classification of Diseases, 10th revision
(ICD-10). We excluded organic disorders (ICD-10: F00–F09) and
intellectual disabilities (ICD-10: F70–F79) owing to concerns regard-
ing response validity and response rates18 but included all other psy-
chiatric diagnoses (ICD-10: F10–69 and F80–99). We additionally
included information on the diagnostic category of the initial diagno-
sis as specified in SA1, the primary type of contact with psychiatric
hospital services (determined based on the greatest number of con-
tacts as emergency room patient, in-patient and/or out-patient), the
number of contacts with psychiatric hospital services and the time
since the most recent contact with psychiatric hospital services.

Mortality

All-cause mortality was estimated using the date of death from the
Danish Civil Registration System.17 Additionally, the cause of death
was obtained from the Danish Register of Causes of Death and
categorised in external causes (suicides, homicides and accidents)
and natural causes (all other causes) with data available until
31 December 2020 (see Supplementary A1).

Covariates

Demographic characteristics included age, sex (administrative legal
sex classified as female or male in the registers; information on
gender was not available), country of birth (Denmark and
Greenland versus abroad) and linkage to legal parents, all obtained
from the Danish Civil Registration System. Somatic morbidity was
assessed with the Nordic Multimorbidity Index,29 using data from
the Danish National Patient Register and the Danish National
Prescription Registry. The highest level of completed education
was obtained from the Population Education Register and classified
into three groups. Annual disposable equivalised household income
and equivalised household wealth were obtained from the Income
Statistics Register and adjusted for inflation. For individuals aged
<30 years, their parents’ highest educational level and an average
of their parents’ values for income and wealth were used as
proxies. Since the survey data could not address the onset of dimin-
ished social connections, we assessed somatic morbidity, educa-
tional level, income and wealth before the date of the first
registered diagnosis of a mental disorder, hereafter referred to as
the index date. To ensure consistency, we replicated this adjustment
procedure among individuals without a mental disorder via the
assignment of pseudo-index dates in age- and sex-specific groups.
Details can be found in Supplementary A1.

Statistical analysis

We performed multiple imputation of missing survey and register
data to avoid introducing selection bias through the exclusion of
25 698 individuals (15.8% of the cohort) with partly missing data
(Supplementary A2).

All estimates are calculated with inverse probability weights and
multiple imputed data. For each aspect of diminished social connec-
tions, a Poisson regression model with linearised variance estimation
and 95% CIs was applied to estimate the independent and joint asso-
ciation withmortality rates formental disorders and diminished social
connections. We applied two adjustment models: in model 1, we
adjusted for age, sex and year of survey participation, and in model
2, we further adjusted for country of birth, somatic morbidity, educa-
tional level, income and wealth (Supplementary A3).

The data were analysed based on the concept of additive inter-
action since this is considered relevant for healthcare
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prioritisation.30 We estimated the interaction contrast as a measure
of the mortality rate beyond or below that expected based on addi-
tivity of independent associations with mortality.30 To ease com-
parison of interaction contrasts for the different aspects of
diminished social connections, we applied marginal standardisation
to individuals with a mental disorder and at least one of loneliness,
social isolation and low social support. If excess mortality was
present (i.e. synergistic interactions), we additionally estimated
the attributable proportion of joint effects as a measure of the
proportion of the joint association with the mortality rate that can
be attributed to an interaction.30 Details can be found in
Supplementary A3.

These analyses were repeated for specific subgroups defined by
sex (women, men), age (16–55, 55–75 and >75 years), diagnostic
category of the initial diagnosis, primary type of contact with psy-
chiatric hospital services (in-patient, out-patient, emergency room
patient), number of contacts with psychiatric hospital services (1–
2, >2) and time since the last contact with psychiatric hospital ser-
vices (<5, 5–18 years). Because of a low number of cases for some
types of mental disorders, we computed estimates for only three
diagnostic categories (substance use disorders [ICD-10: F10–9],
mood disorders [ICD-10: F30–9] and anxiety or neurotic disorders
[ICD-10: F40–8]).

As a sensitivity analysis, we investigated whether similar results
were obtained using alternative operationalisations of mental
disorders (self-reported information, redeemed prescriptions of
psychopharmaceuticals and consultation with a private practise
psychiatrist [Supplementary A1]). To examine the dichotomisation
of loneliness, social isolation and low social support, we additionally
estimated the association with mortality rates for specific scores/
responses. Furthermore, we repeated the main analysis with alterna-
tive modelling assumptions (cluster-robust standard errors to
account for correlation between observations from repeated partici-
pants, added covariate adjustment and a complete case analysis).

Statistical analyses were conducted in Stata version 17.0 on a
Windows Server 19 operating system using the svy and mi suite
of commands. A preregistered analysis plan and the code used for
data management and statistical analysis are available at Open
Science Framework (https://osf.io/aqx4s).

Results

In the total sample (N = 162 497), the mean age at survey participa-
tion was 48.3 years (s.d. 19.1), 87 627 (50.6%) were women, 10 347
(7.7%) had a pre-existing diagnosis of a mental disorder from in-
patient or out-patient psychiatric hospital services, and the
number of individuals classified as lonely, socially isolated and
with low social support, respectively, was 9829 (7.6%), 4720
(3.5%) and 21 370 (14.9%). Descriptive characteristics stratified by
mental disorders and social connections are presented in Table 1.
Among individuals with a mental disorder, 3869 (40.6%) experi-
enced loneliness, social isolation and/or low social support,
whereas this was the case for 24 414 (18.3%) of the individuals
without a mental disorder. Individuals with a mental disorder
were also more prone to experiencing co-occurring loneliness,
social isolation and low social support compared with individuals
without a mental disorder (Supplementary F2).

The cohort was followed for a mean period of 5.5 years with a
total of 886 614 person-years at risk. During follow-up, 9047
deaths occurred. Table 2 displays the estimated associations with
mortality rates for mental disorders and diminished social connec-
tions. After all adjustments, the joint associations of mental disor-
ders and loneliness, social isolation and low social support,
respectively, with mortality rates were 2.51 (95% CI: 1.99–3.03),

2.53 (95% CI: 2.00–3.06) and 2.23 (95% CI: 1.79–2.67). An inter-
action between mental disorders and loneliness, social isolation
and low social support, respectively, accounted for 19% (95% CI:
−14 to 52%), 16% (95% CI: −18 to 49%) and 34% (95% CI: 4–
64%) of the excess mortality in these groups.

As shown in Fig. 1, synergistic interactions were found for men,
but not for women, in fully adjusted subgroup analyses. Specifically,
among men, an interaction between mental disorders and loneli-
ness, social isolation and low social support, respectively, accounted
for 47% (95% CI: 21–74%), 24% (95% CI: −15 to 63%) and 61%
(95% CI: 35–86%) of the excess mortality in these groups. In
other words, 47, 24 and 61% of the excess mortality among men
with both a mental disorder and loneliness, social isolation and
low social support, respectively, could not be explained by these
factors independently. This corresponded to 61 (95% CI: 6–115),
24 (95% CI: −22 to 69) and 59 (95% CI: 16–101) deaths per
10 000 person-years among men with both a mental disorder and
diminished social connections. Among women, no excess mortality
could be attributed to interaction. Concerning the other subgroup
analyses, mixed results were found for the different aspects of
diminished social connections according to age, diagnostic category
(substance use disorders, mood disorders and anxiety or neurotic
disorders), primary type of contact, number of contacts and time
since the most recent contact with psychiatric hospital services
(Supplementary F3). As a result of sample size limitations, no
formal subgroup analysis was done for the cause of death;
however, 2508 (63.6%) and 101 (2.3%) deaths could be attributed
to respectively natural and external causes among women,
whereas this was the case for 3239 (63.8%) and 150 (3.6%) deaths
among men.

The results were robust to the application of alternative operatio-
nalisations of mental disorders, as we found varying associations with
mortality but comparable attributable proportions for interaction
(Supplementary F4). Additionally, we found a dose-response-like
association with mortality for specific scores of loneliness and
social isolation and a threshold-like association with mortality for
specific responses on the social support item (Supplementary F5).
Similar results for the interactions were also obtained in an analysis
with cluster-robust standard errors, after additional covariate adjust-
ment and in a complete case analysis (Supplementary F6).

Discussion

In this analysis of data from the Danish National Health Survey
linked with national registers, we found a substantially higher mor-
tality rate than expected among men with both a mental disorder
and diminished social connections, whereas among women no
excess mortality could be attributed to an interaction between
them. In contrast, no clear trend was found for an interaction
between mental disorders and diminished social connections
according to age and a range of characteristics of the mental dis-
order. Importantly, our results were not attributable to the operatio-
nalisation of mental disorders, the scale thresholds used or
the adjustment procedure, as similar results were found in sensitiv-
ity analyses.

Compared with a previous study of mental disorders applying
Danish register data,2 we obtained a slightly lower estimate of the
association between mental disorders and mortality. This difference
might be explained by our exclusion of organic mental disorders
and intellectual disabilities, since the association with mortality
for these diagnostic categories is stronger than that of all mental dis-
orders combined.2 When compared with previous reviews on lone-
liness, social isolation and low social support,4,5 we found a
considerably stronger association with mortality for loneliness
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Table 1 Descriptive statistics stratified by mental disorders and social connections

Individuals with a mental disorder: N = 10 347 (7.7%) Individuals without a mental disorder: N = 152 150 (92.3%)

Lonely:
N = 2316 (25.1)

Socially
isolated:

N = 806 (9.1)
Low social support:
N = 2544 (26.5)

Neither lonely,
socially isolated
nor low social

support:
N = 6478 (59.4)

Lonely:
N = 7513 (6.2)

Socially isolated:
N = 3914 (3.0)

Low social support:
N = 18 826 (13.9)

Neither lonely,
socially isolated nor
low social support:
N = 127 736 (81.7)

Key characteristics
Survey participation in 2013 as opposed to 2017, N (%) 259 (12.5) 124 (15.8) 366 (15.1) 1041 (17.4) 986 (13.9) 778 (20.3) 3861 (20.9) 26 926 (22.5)
Women, N (%) 1455 (59.1) 368 (41.1) 1463 (52.3) 4168 (60.0) 4386 (53.8) 1818 (45.3) 8978 (43.8) 69 005 (50.8)
Born abroad, N (%) 288 (15.6) 107 (17.4) 330 (16.9) 475 (9.7) 1277 (25.5) 364 (13.8) 2651 (22.1) 7944 (10.2)
Follow-up time, mean (s.d.) 5.1 (2.0) 5.1 (2.3) 5.2 (2.1) 5.4 (2.1) 5.0 (2.4) 4.8 (2.6) 5.4 (2.4) 5.5 (2.2)
At survey participation
Age, mean (s.d.) 40.2 (21.2) 51.8 (24.4) 43.1 (21.1) 41.0 (20.5) 44.3 (28.7) 67.5 (25.6) 48.8 (25.2) 48.7 (23.1)
Age groups

<55 years, N (%) 1771 (80.1) 383 (56.7) 1792 (75.3) 4669 (78.8) 4640 (70.3) 569 (20.5) 9979 (62.1) 66 547 (61.6)
55–75 years, N (%) 473 (17.7) 354 (36.3) 673 (22.5) 1571 (18.4) 2020 (20.3) 1873 (42.8) 6713 (27.9) 48 342 (29.2)
>75 years, N (%) 72 (2.2) 69 (6.9) 79 (2.3) 238 (2.8) 853 (9.4) 1472 (36.7) 2134 (10.1) 12 847 (9.1)

The Three-Item Loneliness Scale, mean (s.d.) 8.0 (1.2) 6.5 (2.8) 6.6 (2.6) 4.1 (1.5) 7.7 (1.1) 5.2 (2.8) 5.2 (2.5) 3.6 (1.2)
The adapted Social Isolation Index

Living alone, N (%) 980 (46.2) 631 (80.8) 1041 (45.6) 1474 (26.7) 2742 (38.6) 2924 (78.9) 5200 (31.6) 19 846 (18.6)
Out of employment and not enrolled in education, N (%) 1356 (59.5) 778 (95.5) 1419 (57.2) 2431 (37.1) 3231 (39.8) 3707 (93.2) 7442 (37.2) 44 061 (30.5)
Less than monthly contact with friends, N (%) 654 (28.8) 599 (74.6) 690 (28.2) 456 (6.7) 1855 (23.5) 2873 (72.7) 3617 (19.2) 6751 (5.0)
Less than monthly contact with family, N (%) 485 (21.9) 555 (68.6) 584 (24.4) 416 (7.1) 1416 (19.4) 2620 (65.9) 3099 (17.8) 5695 (4.9)

The social support item
Social support never or almost never available, N (%) 464 (20.2) 195 (25.1) 792 (32.0) 0 (0) 1484 (20.5) 768 (21.4) 5854 (32.4) 0 (0)
Social support sometimes available, N (%) 793 (34.7) 236 (29.3) 1752 (68.0) 0 (0) 2463 (31.8) 829 (21.7) 12 971 (67.6) 0 (0)
Social support mostly available, N (%) 666 (28.6) 199 (23.3) 0 (0) 2282 (36.0) 2140 (28.4) 1045 (26.3) 0 (0) 37 558 (29.8)
Social support always available, N (%) 393 (16.4) 175 (22.2) 0 (0) 4197 (64.0) 1427 (19.3) 1272 (30.6) 0 (0) 90 177 (70.2)

Self-reported mental disorder, N (%) 1966 (85.1) 621 (79.1) 1967 (77.4) 4217 (66.1) 2415 (32.0) 721 (20.3) 3544 (19.4) 12 303 (10.0)
Psychopharmacological redemption, N (%) 1977 (84.7) 743 (91.2) 2189 (84.7) 5092 (77.3) 3063 (36.3) 1671 (42.2) 5856 (28.8) 27 549 (19.7)
Consultation with a private practice psychiatrist, N (%) 918 (38.6) 314 (38.1) 968 (36.7) 1938 (29.4) 736 (9.6) 268 (7.3) 1130 (6.1) 3733 (2.9)
Years since the index or pseudo-index date, mean (s.d.) 8.0 (7.5) 9.8 (7.8) 8.6 (7.5) 8.7 (6.8) 8.5 (7.4) 9.7 (7.1) 9.0 (7.0) 9.0 (6.4)
At index or pseudo-index date
The Nordic Multimorbidity Index, mean (s.d.) 1.4 (4.7) 1.9 (6.1) 1.4 (4.5) 1.1 (3.6) 1.1 (4.3) 2.0 (6.5) 0.9 (3.9) 0.6 (2.7)
Educational level

Lowest (ISCED 0–2), N (%) 882 (40.9) 371 (49.3) 976 (41.6) 2109 (36.1) 2622 (37.8) 1801 (51.1) 6083 (35.5) 33 570 (29.1)
Middle (ISCED 3–5), N (%) 1066 (44.1) 330 (38.7) 1194 (45.2) 2977 (44.6) 3492 (44.6) 1576 (37.4) 9173 (46.7) 62 579 (48.1)
Highest (ISCED 6–8), N (%) 368 (15.0) 104 (12.0) 373 (13.3) 1392 (19.3) 1399 (17.6) 537 (11.5) 3569 (17.8) 31 587 (22.8)

Annual disposable equivalised household income (1000 DKK), mean
(s.d.)

211.7 (149.3) 179.3 (124.5) 207.0 (153.3) 231.6 (144.5) 224.7 (277.7) 199.7 (138.4) 229.2 (207.7) 261.8 (279.6)

Equivalised household wealth (1000 DKK), mean (s.d.) 173.1 (1132.6) 123.3 (888.0) 190.3 (1090.4) 221.9 (1022.7) 327.2 (1779.5) 573.8 (2349.6) 397.0 (1694.9) 500.3 (2619.7)

Missing data were imputed using multiple imputation by chained equations. Absolute numbers are unweighted, whereas percentages, means, and s.d.s are weighted based on register data to represent the population of the included regions in 2013 and 2017.
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and social isolation, but a similar association with mortality for low
social support. These discrepancies could be as a result of our appli-
cation of relatively conservative thresholds for loneliness and social
isolation which classified 7.6% of the cohort as lonely and 3.5% as
socially isolated.

In the total sample, our findings indicated that some excess
mortality was attributable to an interaction, which is in line with
previous studies on loneliness11,12 and low social support.9 In con-
trast, a recent study did not find any association between loneliness
and mortality among patients attending mental healthcare services,
yet this study assessed loneliness using healthcare records rather
than a validated measure.13 A prior study on social isolation and
depression likewise reported no significant interaction,14 a finding
which is in line with our subgroup analysis restricted to individuals
with mood disorders. However, comparisons across studies are
complicated by differences in the operationalisations of loneliness,
social isolation and social support (see Supplementary T1).

In the subgroup analyses, we found that men, but not women,
with both a mental disorder and diminished social connections
have elevated mortality rates compared with what was expected.
This finding is consistent with a previous study where a stronger
association with all-cause mortality was found among men com-
pared with women with both severe depression and loneliness.12

However, another study found a similar association with death
from suicide among men and women with symptoms of a mood
or anxiety disorder and low social support.9

Strengths and limitations

A key strength of our study is the availability of a large popula-
tion-based sample with the imputation of partly missing data

and no loss to follow-up. While programming constraints hin-
dered the correction of standard errors to account for correlation
between observations from repeated participants, a sensitivity
analysis showed close to equal results after the estimation of
cluster-robust standard errors in the total sample. Another
strength of our study is the linkage of rich survey data with
high-quality national register data. The study benefited from a
validated measure of loneliness21 and an index for social isolation
which has its roots in the well-known Berkman–Syme Social
Network Index.25 Additionally, we used register-based data on
hospital-diagnosed mental disorders to circumvent recall bias.
The validity of hospital-diagnosed mental disorders has been con-
firmed for some diagnoses,28 although the reliability may vary
depending on the specific hospital setting. Not least, the estima-
tion of deviations from additive interaction allowed us to
compare mortality rates across subgroups on the absolute scale
which holds relevance for healthcare prioritisation.30

However, we are confined to the limitations of survey data,
and with a response rate of 57.5%, selection biases could have
weakened the representativeness of the cohort. However, the
applied inverse probability weights have been shown to mitigate
bias caused by differential selection based on mental disorder
diagnoses.18 Additionally, individuals with a fatal outcome
shortly after the onset of a mental disorder will be considerably
underrepresented in our study design (cf. Neyman bias), which
may have led to an underestimation of the association between
mental disorders and mortality. In contrast to the Berkman–
Syme Social Network Index,25 the applied social isolation index
did not include associational activities and voluntary work,
limiting the accuracy in identifying social isolation. However,
no consensus exists on the operationalisation of social isolation.31

Table 2 Independent and joint associations of mental disorders and social connections with mortality

Mental
disorder

Social
connections

Deaths/
person-

years at risk

Model 1 Model 2

Mortality rate
ratio (95% CI)

Interaction
contrast per

10 000 person-
years (95% CI)

Attributable
proportion
(95% CI)

Mortality rate
ratio (95% CI)

Interaction
contrast per

10 000 person-
years (95% CI)

Attributable
proportion
(95% CI)

Mental disorder
No – 8526/832 186 1 (ref.) – – 1 (ref.) – –

Yes – 521/54 427 2.16 (1.93–2.39) – – 1.77 (1.58–1.97) – –

Loneliness
– No 8279/837 013 1 (ref.) – – 1 (ref.) – –

– Yes 768/49 601 1.85 (1.67–2.03) – – 1.62 (1.45–1.78) – –

Social isolation
– No 7913/863 660 1 (ref.) – – 1 (ref.) – –

– Yes 1134/22 954 1.82 (1.67–1.97) – – 1.60 (1.47–1.73) – –

Low social support
– No 7575/771 652 1 (ref.) – – 1 (ref.) – –

– Yes 1472/114 961 1.29 (1.20–1.37) – – 1.19 (1.11–1.27) – –

Mental disorder and loneliness
No No 7884/794 368 1 (ref.) – – 1 (ref.) – –

No Yes 642/37 819 1.74 (1.56–1.93) – – 1.55 (1.38–1.71) – –

Yes No 395/42 645 2.02 (1.77–2.26) – – 1.68 (1.46–1.89) – –

Yes Yes 126/11 782 3.21 (2.53–3.88) 18 (−12 to 48) 20% (−8 to 48%) 2.51 (1.99–3.03) 15 (−14 to 44) 19% (−14 to 52%)
Mental disorder and social isolation
No No 7508/813 265 1 (ref.) – – 1 (ref.) – –

No Yes 1018/18 921 1.76 (1.61–1.92) – – 1.57 (1.43–1.71) – –

Yes No 405/50 395 2.06 (1.81–2.31) – – 1.72 (1.50–1.93) – –

Yes Yes 116/4032 3.19 (2.48–3.90) 15 (−16 to 45) 16% (−14 to 47%) 2.53 (2.00–3.06) 12 (−17 to 41) 16% (−18 to 49%)
Mental disorder and low social support
No No 7208/730 461 1 (ref.) – – 1 (ref.) – –

No Yes 1318/101 725 1.23 (1.14–1.32) – – 1.15 (1.06–1.23) – –

Yes No 367/41 191 2.01 (1.76–2.26) – – 1.66 (1.44–1.88) – –

Yes Yes 154/13 236 2.86 (2.30–3.41) 25 (0–50) 33% (8–58%) 2.23 (1.79–2.67) 22 (−3 to 47) 34% (4–64%)

Missing data were imputed using multiple imputation by chained equations, and the results are weighted based on register data to represent the population of the included regions in 2013
and 2017. Interaction contrasts are calculated usingmarginal standardisation to individuals with at least one of loneliness, social isolation and low social support. Model 1 is adjusted for age,
sex and year of survey participation, and model 2 is further adjusted for country of birth, somatic morbidity, educational level, income and wealth.
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Likewise, the applied measure of social support has not been vali-
dated and was limited to capturing perceived emotional
support.26 Furthermore, our analysis based on diagnoses from
psychiatric hospital services did not capture individuals who
sought treatment from general practitioners or private practice
psychiatrists as they do not report diagnoses to the applied regis-
ter, nor did it capture individuals who did not seek help. Thus,
differences in help-seeking behaviour could have affected the
results. Additionally, the registers do not provide information
on remission, and individuals could have recovered since receiv-
ing a diagnosis of a mental disorder.

Implications

Importantly, our data enable us to infer neither causality nor the tem-
poral order of mental disorders and diminished social connections.
We have, however, addressed whether individuals with a mental dis-
order and diminished social connections in co-existence have an
elevated mortality rate. Our results regarding sex differences raise
several hypotheses. First, the results could be due to a greater preva-
lence or progression of disease with impact on mortality. This scen-
ario could be the case if socially disconnected men with mental
disorders are especially likely to take up a range of health behaviours
that increase the risk or progression of disease. A second explanation
would be a greater case fatality rate as a result of suboptimal treatment
outcomes. This explanation could apply if socially disconnected men
withmental disorders are less likely to recognise symptoms, adhere to
treatment or have difficulties navigating the healthcare system to
achieve optimal treatment. A third explanation could be a greater
number of deaths because of external causes of death (e.g. suicides
and accidents), given that social connections affect men’s ability to
cope with mental disorders. These hypotheses have, however, not
been tested, and further studies are therefore needed to investigate
specific causes of death and elucidate the potential behavioural, psy-
chological or physiological mechanisms driving our findings.32

Furthermore, health literacy, disease burden or co-occurrence of dif-
ferent aspects of social connectedness could also play a role as con-
founding factors. Irrespective of the underlying mechanisms, these
findings suggest that men with a mental disorder and diminished
social connections in co-existence constitute a vulnerable group.
Thus, these sex differences could have direct implications for
clinical practice when feasible to tailor services and interventions to
address the needs of particularly vulnerable population groups.
However, further studies are needed to confirm and explore these
findings.

In conclusion, our findings suggest sex differences in the extent
to which the strain of a mental disorder in combination with dimin-
ished social connections translates into increased all-cause mortality.
The mortality rate among men, but not women, with a co-occurring
mental disorder and diminished social connections was substantially
elevated compared with what was expected. Awareness of elevated
mortality rates among socially disconnected men with mental disor-
ders could be of importance to qualify and guide prevention efforts
in psychiatric services. Further studies are needed to investigate how
our findings apply to specific causes of death and explore potential
mechanisms behind these sex differences.
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MRR (95% CI)

Category

None (reference)

Loneliness

Prior mental disorder

Both of the above

None (reference)

Social isolation

Prior mental disorder

Both of the above

None (reference)

Low social support

Prior mental disorder

Both of the above

Interaction 
contrast 
(95% CI)

Attributable 
proportion 

(95% CI)

15 (–14 to 44) 
–14 (–47 to 18)

61 (6–115)

12 (–17 to 41) 
1 (–36 to 39) 

24 (–22 to 69)

22 (–3 to 47)
–10 (–39 to 20)
59 (16–101)

19% (–14 to 52%)
Not applicable

47% (21–74%)

16% (–18 to 49%)
2% (–62 to 66%)

24% (–15 to 63%)

34% (4–64%)
Not applicable

61% (35–86%)

1 1.5 2 2.5 3 3.5 4 4.5

All
Women

Men

Fig. 1 Independent and joint associations of mental disorders and
social connections with mortality among women and men. MRR:
mortality rate ratio. Missing data were imputed using multiple
imputation by chained equations, and the results are weighted
based on register data to represent the population of the included
regions in 2013 and 2017. The attributable proportion was
calculated if a synergistic interaction was found. Interaction
contrasts are calculated using marginal standardisation to
individuals with at least one of loneliness, social isolation and low
social support. The models are adjusted for age, sex year of survey
participation, country of birth, somatic morbidity, educational level,
income and wealth (model 2). Estimates can be found in ST2.
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