Articles

Living alone and all-cause mortality in community-
dwelling adults: A systematic review and meta-analysis

Yunli Zhao,®?* Gordon Guyatt,b Ya Gao,> Qiukui Hao,*“ Ream Abdullah,¢ John Basmaji,f and Farid Foroutan %9

“The Centre of Gerontology and Geriatrics (National Clinical Research Centre for Geriatrics), West China Hospital, Sichuan
University, Chengdu, China

bDepartment of Health Research Methods, Evidence, and Impact, McMaster University, Hamilton, Ontario, Canada
“Evidence-Based Medicine Centre, School of Basic Medical Sciences, Lanzhou University, Lanzhou, China

9School of Rehabilitation Science, McMaster University, Hamilton, Ontario, Canada

¢McMaster University, Hamilton, Ontario, Canada

"Division of Critical Care, Department of Medicine, Schulich School of Medicine and Dentistry, Western University, London,
Ontario, Canada

9Ted Rogers Centre for Heart Research, Peter Munk Cardiac Centre, University Health Network, Toronto, Ontario, Canada

Summary
Background The non-causal and causal associations, possible age and sex differences between living alone and all-  eClinicalMedicine
cause mortality among adults were unclear. We aimed to assess the association and causal relation between living  2022;54: 101677

alone and all-cause mortality among community-dwelling adults, addressing the certainty of evidence, possible age ~Published online xxx

and sex differences. https://d0|.org/1 0.1016/j.
eclinm.2022.101677

Methods We searched Medline, Embase, and APA PsycINFO for cohort studies examining the association between
living alone and all-cause mortality on November 19, 2021. We used the GRADE approach to assess certainty of evi-
dence, and the Instrument for the Credibility of Effect Modification Analyses (ICEMAN) to evaluate credibility of
subgroup inferences and conducted a meta-analysis of measures of association between living alone and mortality.
The study was registered with PROSPERO, CRD42021290895.

Findings 18 cohort studies with 62,174 adults proved eligible. Living alone was associated with mortality (relative
risk (RR) = 1.15, 95% confidence interval (CI) 1.08—1.23). Both age and sex modified the association (high and moder-
ate credibility, separately). Living alone increased the risk of dying only in younger but not older individuals (ratio of
RRs =1.59, interaction P = 0.003; younger RR 1.41, 95% CI 1.17—1.71, high certainty for prognosis, low for causation;
older RR = 1.05, 95% CI 0.91—1.22, moderate certainty for prognosis, very low for causation). Living alone increased
risk to a greater extent in males than females (ratio of RRs = 1.39, 95% CI 1.14—1.70; interaction P = 0.001, males
RR =1.41, 95% CI 1.17—1.71, high certainty for prognosis, low for causation; females RR = 1.15, 95% CI 0.99—1.33;
moderate for prognosis factor, very low for causation).

Interpretation Living alone is associated with increased mortality in individuals under 65 years (high certainty) but
not with those over 75 years; the association may be causal (low certainty). Associations, and possibly effects, may be
stronger in men than women.

Funding None.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Living alone; All-cause mortality; Systematic review; Meta-analysis

*Corresponding author at: Centre of Gerontology and Geriatrics (National Clinical Research Centre for Geriatrics), West China
Hospital, Sichuan University, Chengdu 610041, China.
E-mail address: yunlizhaog48 @outlook.com (Y. Zhao).

www.thelancet.com Vol 54 December, 2022 1


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yunlizhao948@outlook.com
https://doi.org/10.1016/j.eclinm.2022.101677
https://doi.org/10.1016/j.eclinm.2022.101677

Articles

Research in context

Evidence before this study

We did systematic searches in Medline, Embase, and
APA PsycINFO for cohort studies examining the associa-
tion between “living alone” and “all-cause mortality” on
Nov 19, 2021. Studies were eligible for inclusion if they
enrolled community-dwelling individuals 18 years or
older without a specific disease at baseline with a fol-
low-up of at least one year, documented living arrange-
ments at baseline and reported adjusted the
associations between living alone and all-cause mortal-
ity. After removal of duplicate citations, title and
abstract screening and full-text review, 18 cohort stud-
ies with 62,174 adults were included.

Added value of this study

To our knowledge, this is the first meta-analysis address-
ing living alone on all-cause mortality among general
community-dwelling adults. We found that living alone
is associated with increased mortality in individuals
under 65 (high certainty) but not in older individuals, in
males (high certainty) but less so in females, and it is
possible the association may be causal (low certainty)
both in younger adults and males. Age-stratified meta-
analyses of between-trial comparisons revealed that
younger adults living alone increased the risk of mortal-
ity by 41%, while older adults did not. In the within-trial
comparisons of sex, living alone increased the risk of
dying to a greater extent in the males than in females.
Sex-stratified meta-analyses of between-trial compari-
sons suggested that males living alone increased the
risk of mortality by 41%, females living alone increased
the risk of mortality by 15%.

Implications of all the available evidence

This systematic review and meta-analysis provide com-
pelling evidence of a true association between living
alone and mortality in younger but not older adults, an
association that appears stronger in men than women.
Although the certainty evidence for the causal relations
between living alone and all-cause mortality is low in
younger adults and men, the high certainty evidence for
prognosis suggests that mandating more scrutiny of the
physical and emotional problems and illnesses in those
who lived alone, could have a major effect on health. Fur-
ther work is required to verify whether it is beneficial for
health to encourage younger people living alone, espe-
cially men, to modify their living arrangements.

Introduction

Scientific interest in the possible association of living
alone with health has, over the last few decades, been
increasing. Many adults live alone — for instance 33.9%
in European countries.” The number of adults living
alone is increasing: by 12% from 1950 to 2019 in the

U.S.,” 21% from 1950 to 2016 in Canada,’ and 16%
from 1997 to 2017 in the UK.* This worldwide increase
in those living alone is likely to continue.’

Existing research has found associations between liv-
ing alone and a range of adverse outcomes, including
cardiovascular diseases,® diabetes’ and dementia.® A
previous systematic review found living alone increased
the risk of all-cause mortality, but did not address the
certainty of evidence, nor address possible age and sex
differences.” Moreover, additional large cohort studies
have been published since then."""

Associations between living alone may be non-causal
(people who live alone may have poorer physical or men-
tal health status than those living with others indepen-
dent of their living arrangements) or causal (living alone
may lead to deterioration in physical or mental health
and ultimately to death). A non-causal association of
increased risk of death in people living alone would be
important in terms of extra alertness to modifiable risk
factors for mortality. A causal relation between living
alone and mortality would suggest exploration of the pos-
sibility of an alternative living arrangement in those liv-
ing alone. The certainty of evidence regarding both
issues would help determine their priority.

Because of the importance of the issue, the limita-
tions of the previous review, and the availability of new
evidence, we conducted a systematic review and meta-
analysis to evaluate the association between living alone
and the risk of all-cause mortality.

Methods

The protocol for this systematic review and meta-analysis,
registered with PROSPERO (CRD42021290895), adheres
to the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) statement.

Eligibility criteria

We included cohort studies that enrolled community-
dwelling individuals 18 years or older with a follow-up
of at least 1 year and examined the association between
living alone defined as not living with someone else
(rather than as single). Eligible studies documented liv-
ing arrangements at baseline and reported adjusted
associations between living alone and all-cause mortal-
ity. Because patients with a specific disease (e.g., coro-
nary heart disease, stroke, cancer, depression,
Alzheimer’s disease) may have a higher risk of all-cause
mortality, and because their illnesses may influence
their decisions on whether to live alone (and thus lead
to a different association with all-cause mortality), we
excluded the cohort studies focused only on the popula-
tions with these diseases at baseline. We excluded case-
control studies, review articles, editorials, comments, or
dissertations. We applied no restriction on the language
of publication.
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Search strategy

In collaboration with a research librarian, we developed a
literature search strategy and searched Medline, Embase
and APA PsycInfo on November 19, 2021. The search
strategy included the keywords “living alone”, “live alone”,
“lives alone”, “lived alone”, “unaccompanied”, “mortality”,
“death”, “case fatality rate”, “survival”, “prognosis”,
“regression analysis”, “cohort” and “randomised con-
trolled trial” (Appendix, Text S1). We scanned the refer-
ence lists of included studies and relevant systematic
reviews to identify potentially eligible studies.

Study selection

Reviewers, working in pairs, independently performed the
study selection, including screening titles and abstracts,
and evaluating full-text eligibility of potentially eligible
studies. Reviewers resolved disagreements by discussion
or, if necessary, by consultation with a third reviewer.

Data extraction

For each eligible study, two reviewers independently
extracted the following items with resolution of disagree-
ments by discussion or adjudication by a third reviewer:
study characteristics (author, year of publication, country);
participants characteristics (sample size, age, proportion
of males); follow-up time and effect measures of associa-
tions between living alone and all-cause mortality.

Risk of bias assessment

Two reviewers independently evaluated the risk of bias
of included studies according to the Quality In Progno-
sis Studies (QUIPS).”* The scale contains six domains,
including study participation, study attrition, prognostic
factor measurement, outcome measurement, study con-
founding, statistical analysis and reporting. The instru-
ment has three options for every domain, including low
risk of bias, moderate risk of bias, and high risk of bias.
We considered studies with more than five domains at
low risk of bias at low risk of bias; those with more than
two domains at high risk of bias at high-risk risk of bias;
the remainder at moderate risk of bias.

Statistical analysis

We analysed data using STATA, version 15, choosing
DerSimonian and Laird random-effects models to pool
data. We expressed results as relative risks (RRs) with
95% confidence intervals (Cls). If studies reported esti-
mates at different time points, we used the estimate
reported at the longest follow-up. For analysis, we chose
each study’s most fully adjusted results. If a study pro-
vided hazard ratio (HR) instead of RR, we used the for-
mula (RR = (1 - ™8 “ 1 0 -1y /- ¢ the death rate for the
reference) to covert HR to RR." If a study provided odds
ratio (OR) instead of RR, if the risk of mortality was less
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than 10%, we interpreted the OR as RR'; otherwise, we
used generic inverse variance to calculate pooled RR.
We assessed heterogeneity according to visual inspec-
tion of forest plots and considered 1* in the context of
the degree of similarity of the point estimates.">"®

Subgroup analysis

We conducted subgroup analyses for age (using thresh-
olds of 65 or 775 as specified by authors), sex (males verse
females), risk of bias (low verse moderate or high risk of
bias), and the follow-up time of included studies.
Because within-study comparisons provide much more
compelling evidence of subgroup effects than between-
study comparisons, if there were at least two within-trial
subgroup analyses reported (e.g., the study reported
results separately for the relative risk of mortality
among males and females who lived alone), we based
our inferences regarding the credibility of a subgroup
effect on the within-trial comparisons.

This proved be the case for both age and sex. Our
subgroup analysis for the effect modification by age
required classification of studies/groups into younger
vs older age group. To conduct the subgroup analysis,
for each study we chose the thresholds specified by the
authors (either 65 or 75) to define older or younger.

To determine the likelihood that chance could
explain differences in results in the older and younger,
and in males and females, we calculated the ratio of
RRs for each individual study and then used a random-
effects model to pool the ratio of RRs. If we observed a
possible subgroup effect (the P-value of interaction test
<= o0.1), to judge the credibility of any apparent sub-
group effect, we applied the Credibility of Effect Modifi-
cation Analyses (ICEMAN) instrument.” If we
concluded moderate to high credibility, we estimated
the association for each subgroup (e.g., males and
females) using all comparisons of living alone and not
living alone restricted to those subgroups. That is, we
used the subgroups (e.g., males) from the within-study
comparisons and pooled these with any studies that
exclusively enrolled that subgroup (e.g., studies only
including males) using the same approach we had taken
for the overall analysis.

For risk of bias (low verse moderate or high risk of
bias), to assess subgroup effects, we conducted a
between-trial analysis. For the impact of follow-up time
on the association between living alone and mortality,
we performed a random effects meta-regression. For
this analysis, the relative risk of living alone for mortal-
ity was our dependent variable and the length of follow-
up was our independent variable.

Publication bias
When there were more than ten eligible studies, we
used funnel plots and Egger’s test to examine the
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publication bias. If publication bias was found (asym-
metric funnel plots and/or p-value of Egger’s test <
0.05), we would use the trim-and-fill method to evaluate
whether publication bias affect our results.”®

Certainty of evidence

We used GRADE (Grading of Recommendations
Assessment, Development and Evaluation) approach
to assess certainty of evidence according to the study
limitations, consistency, directness, precision, and
publication bias for the effect of living alone. Accord-
ing to the GRADE framework, observational studies
began as high certainty of evidence for assessments of
prognosis and low certainty of evidence for causation.
We chose a minimally contextualised approach to rat-
ing certainty with the null effect as a threshold.”9*°
When there was a high or moderate credibility of
potential effect modification, we assessed the certainty
of evidence for each subgroup separately. Considering
that the I* statistic can be misleading in the context of
prognostic studies, especially when the sample size of
included studies was very large,” in assessing incon-
sistency we focused on variability of point estimates,
and the possible impact of outlier results. In particular,
we considered the weight of outlier studies
in contributing to the pooled estimate. If very low (e.g.

N

Studies included in review
(n=18)

Records identified from: Records removed before
Embase (n = 1557) screening:
Medline (n = 947) —> Duplicate records removed
APA Psyclnfo (n = 284) (n=1025)
v
Records screened Records excluded not being
(n=1763) —»| relevant (n = 1201)
Reports excluded:
A 4 Wrong study design (n = 205)
Reports sought for eligibility No outcomes (n = 219)
(n =562) —> Wrong population (n = 68)

< 10%) we were disinclined to rate down for inconsis-
tency. We determined the absolute risk difference by
applying the relative effect to the control event rate.
We developed summary of finding tables using opti-
mal formats in MAGIC.app,*" presenting both relative
and absolute effects and including plain language
summaries with wording following GRADE
guidance.*”

Ethics approval and consent to participate
Not applicable.

Role of the funding source

There was no funding source for this study. All authors
had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Study selection and characteristics

Flow diagram presents the details of study selection
process (Figure 1). Removal of duplicate citations left
1763 records. After title and abstract screening, we
assessed 562 full text articles, of which 18 studies proved
eligible.

Wrong definition of living
alone or not living alone (n =
51)

Duplicate cohort (n = 1)

Figure 1. PRISMA flow diagram of studies included in the review.
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Table 1 presents the characteristics of the 18
included studies, all of which were cohort studies,
with sample sizes ranging from 366> to 15,788,**
enrolling a total of 62,174 community-dwelling
adults. Three studies included only adults younger
than 75 years old* *°; one study only included only
adults older than 75 years old*'; and the remainder
included both.""*73® Three studies reported the
association between living alone and mortality sepa-
rately for adults younger than 75 years and older
than 75 years.*®3"33 One study reported the associa-
tion between living alone and mortality separately
for the adults younger and older than G5 years."
Two studies included only men’°?* and one only
women®’; among the mixed-sex cohorts, -eight
reported the association between living alone and
mortality separately for males and females.>#5:3°3"33
“% Most studies reported their outcomes with
HR!2425:273032333637. four with RR*3°3134 and
four with OR.'®*®353% Follow-up time ranged from
1.5 to 32.2°° years.

Study and group

Risk of bias of individual studies

Table 1 summarises the risk of bias assessments of indi-
vidual studies. Ten studies had low risk of
bias, 2425283932736 and eight studies had moderate
risk of bias."*%2527:3231373% Most bias were due to inad-
equately representing the population of interest of the
study sample, incomplete outcome data (two studies
with loss to follow-up >= 10%),>*# and lack of optimal
control for important confounding factors.

Living alone on all-cause mortality

The pooled RRs of death in eighteen studies showed, as
compared to adults not living alone, living alone was
associated with an increase in mortality (RR = 1.15, 95%
CI 1.08—1.23) (Appendix, Figure S1).

Subgroup analysis

Age. In the within-trial comparisons, living alone
increased the risk of dying to a greater extent in younger
adults than in the older adults (ratio of RRs = 1.59, 95%

RR (95% Cl)

Gopinath 2013
Gopinath 2013_younger adults —_— 1.36 (1.04, 1.79)
Gopinath 2013_older adults e . e 1.08 (0.83, 1.41)
Jylha 1989_males
Jylha 1989_younger adults (males) + 1.54 (0.90, 2.61)
Jylha 1989_older adults (males) —_—— 0.76 (0.64, 1.46)
Jylha 1989_females
Jylha 1989_younger adults (females) g 1.90 (0.94, 3.84)
Jylha 1989_older adults (females) —_— 0.59 (0.37, 0.95)
Ng 2015
Ng 2015_younger adults 1.97 (1.09, 3.53)
Ng 2015_older adults + 1.07 (0.54, 1.97)
Renwick 2020
Renwick 2020_younger adults —— 1.16 (0.99, 1.36)
Renwick 2020_older adults re— 1.05(0.98, 1.11)
I I I
5 1 2 4

Figure 2. Within-trail comparisons of age (younger adults and older adults).
Notes: interaction P = 0.003; RR = relative risk; Cl = confidence interval.
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Authors

Trail’'s name

Location

Sample size

Age mean(SD),
range (years)

Men (%)

Follow-up
time (years)

Loss to
follow-up
(%)

Adjustment
for covariates

QuUIPS

Abell 2021

Avlund 1998

Denollet 2009

Gopinath 2013

Iwasa 2006

Jensen 2019

Jylha 1989
Jylhd 1999

Kandler 2007

Table 1 (Continued)

English Longitu-
dinal Study
(ELSA)

NR

Eindhoven Peri-
menopausal
Osteoporosis
Study

Blue Mountains
Eye Study
(BMES)

Longitudinal
Interdisciplin-
ary Study on
Aging

Copenhagen
Male Study

NR
NR

MONICA/KORA
cohort

England

Denmark

Netherlands

Australia

Japan

Denmark

Finland
Finland

Germany

4888

727

5073

3486

2447

3346

1060

366

7017

68.6+8.7
56+

70
70

50.442.1
4654

66.17
49+

626 +£638
52-77

62.94+5.2
53-75

NR
60—89
NR
90—-101
NR
45-74

4452

49.86

40.18

423

100

4991

19.2

51.25

10
8.5 (mean)

322
18+ 84
(mean =+ SD)

6.5

15

182
11.4 (mean)

0

0.63

161

29

NR

Age, sex, education, wealth (wave 4),
percentage of excess risk
explained,current smoking, physi-
cal activity, alcohol consumption.

Activities outside the home, social
support to other tasks, take care of
others, help others with repairs,
education, functional ability

Age, symptoms of anxiety, symp-
toms of depression,education, oral
contraceptive medication, hor-
mone replacement therapy, smok-
ing, drinking, physical activity, BMI,
hypertention, diabetes

Age, sex, educational status (tertiary
qualified or not), current smoking,
body mass index, walking disabil-
ity, prior diagnosis of heart dis-
ease, angina, heart attack,
diabetes mellitus, cancer, poor
self-rated health, and SF-36 men-
tal and physical component sum-
mary scores.

Age, the number of years of educa-
tion, history of hospitalization dur-
ing a year, presence of chronic
conditions (hypertension, stroke,
heart disease, diabetes, cancer and
kidney disease)

Age, previous cardiovascular disease
(stroke or myocardial infarction),
presence of diabetes, body mass
index, systolic blood pressure,
smoking, alcohol, self-reported
physical activity, se-triglycerides,
se-total cholesterol, resting heart
rate, workers compensation, satis-
faction with current housing situa-
tion, mood, self-reported health,
and socioeconomic position

Age, perceived health, functional
ability, and disabling disease

Age

Age, (sex), survey, number of friends,
prevalent Ml and diabetes, hyper-
tension, self rated health, obesity,
participation in screening, dentist
visits, physical activity, alcohol
consumption, smoking

low

low

moderate

low

low

moderate

moderate

moderate
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Authors Trail’s name Location Sample size Age mean(SD), Men (%) Follow-up Loss to Adjustment QUIPS
range (years) time (years) follow-up for covariates
(%)
Khalatbari-Soltani 2020 Concord Health Australia 1522 775+55 100 1 10.73 Age, age squared, and country of low
and Ageing in 70+ 94 3.6 (mean =% SD) birth, healthrelated behaviours
Men Project (alcohol consumption, smoking,
and physical activity), and body
mass index, self-rated health
Mollica 2001 NR Croatia 529 50 41.57 3 0.94 Age, sex, education, trauma events, low
18 + bserved handicap, symptoms of
depression, has cardiovascular
condition
Ng 2015 Singapore Longi- Singapore 2553 6747 +7.42 36.62 8 227 Age, sex, housing type, history of low
tudinal Ageing 55+ hypertension, diabetes, chronic
Studies lung disease, stroke, heart disease,
kidney failure, IADL—BADL disabil-
ity, marital status
Pimouguet 2015 Swedish National Sweden 2404 778 +£9.0 33.94 6 0 Age, sex, education, recent financial low
study on 66+ difficulty, BMI, smoking habits,
Aging and alcohol consumption, diabetes,
Care- hypertension, stroke, heart failure,
Kungsholmen coronary heart disease, depres-
sion, dementia, cancer, ADL and
IADL disability, MMSE, feeling of
loneliness and institutionalization
Renwick 2020 Canadian Com- Canada 15,788 67.8 41.78 1.3 0 Age,sex, income, smoking status, moderate
munity Health 55+ frailty
Survey
Scafato 2008 Italian Longitudi- Italy 3884 72.58 51.28 10 14.09 Age, systolic blood pressure, diastolic low
nal Study on 65—84 5.8 (mean) blood pressure, blood glucose,
Aging (ILSA) total serum cholesterol, high-den-
sity lipoprotein, body mass index,
education, procreation, smoking
habit, alcohol use, ADLs, IADLs,
depression and cognitive
impairment
Tabue Teguo 2016 “Personnes France 3620 75.27 +6.43 41.08 22 4.16 Age, sex, educational level, and low
Agées Quid” 65+ depression
(PAQUID)
cohort study
Takeuchi 2018 NR Japan 539 77.03 +4.29 44.34 3 4.10 Age, (sex), daily support from family moderate
70-85 around a participant and having a
history of hypertension, cancer,
cerebral apoplexy or pneumonia
Trevisan 2016 Progetto Veneto Italy 2925 744 +£73 4331 4.4 (mean) 337 Age, sex moderate
Anziani Longi- 65+

tudinal Study

Table 1: Summary of included studies on associations between living alone and all-cause mortality among community-dwelling adults.

Notes: NR, not reported; SD, standard; QUIPS, Quality In Prognosis Studies; BMI, body mass index; SF-36, the MOS item short from health survey; ADL, activities of daily living; IADL, instrumental activities of daily living; BADL,

basic activities of daily living; MMSE, Mini-Mental State Examination.
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%

Study and subgroup RR (95% Cl) Weight
younger adults
Denollet 2009 : 2.16 (1.28, 3.64) 248
Gopinath 2013 —:—0— 1.33 (1.04, 1.72) 6.94
Iwasa 2006_males 1 2.44 (1.37,4.37) 2.08
Iwasa 2006_females ; 0.77 (0.39, 1.53) 1.56
Jensen 2019 . 1.05 (1.02, 1.07) 14.93
Jylha 1989_males : 1.54 (0.90, 2.61) 2.41
Jylha 1989_females L 1.90 (0.94, 3.84) 1.48
Mollica 2001 n * 2.40(1.07, 5.38) 1.15
Ng 2015 . 1.97 (1.09, 3.53) 2.04
Renwick 2020 — 1.16 (0.99, 1.36) 10.28
Subgroup, DL (I* = 73.2%, p = 0.000) :<> 1.41 (1.17,1.71) 45.34

1
older adults .
Gopinath 2013 —— 1.05 (0.88, 1.25) 9.60
Jylha 1989_males —_—t 0.76 (0.64, 1.46) 3.63
Jylha 1989_females —_— , 0.59 (0.37, 0.95) 2.94
Jylha 1999 —_— 0.75 (0.45, 1.24) 2.61
Khalatbari-Soltani 2020 —_ 1.33 (1.06, 1.67) 7.70
Ng 2015 X 1.07 (0.54, 1.97) 1.72
Pimouguet 2015 :—o— 1.35(1.18, 1.54) 11.35
Renwick 2020 =1 1.05(0.98, 1.11) 14.07
Takeuchi 2018 ’ 1.27 (0.53, 2.92) 1.04
Subgroup, DL (I* = 69.3%, p = 0.001) <:>I 1.05 (0.91, 1.22) 54.66

1

1
Heterogeneity between groups: p = 0.016 :
Overall, DL (I* = 70.2%, p = 0.000) 0 1.17 (1.07, 1.28) 100.00

T T T
5 1 2 6

Figure 3. Forest plot for relative risk of adults living alone on all-cause mortality according to age (younger adults and older

adults).

Notes: RR = relative risk; Cl = confidence interval.

CI 1.17—2.15, test of interaction P = 0.003) (Figure 2).
Applying ICEMAN criteria, the within-trial comparison,
the similarity of results from trial to trial, the implausi-
bility of chance as explanation, the consistent use of
similar thresholds in the trials, and the use of an appro-
priate random effect model in the analysis all support
the credibility of the subgroup effect. The lack of an a
priori specified direction of the effect decreases the cred-
ibility. Overall, we judged the credibility as high border-
ing on moderate (Appendix, Text Sz2).

Including all groups of younger adults (from the
within-trial comparisons'**3"% and studies that
enrolled only younger individuals®®*”° the association
between living alone and mortality demonstrated a RR
of 1.41, 95% CI 1.17—1.71, 21 more per 1000. Including
all groups of older adults (from the within-trial
comparisons' >33 and studies that enrolled only
older individuals®*3*3#37), the association between liv-
ing alone and mortality demonstrated a RR of 1.05, 95%
CI 0.91—1.22, 10 more per 1000 (Figure 3).

Sex. In the within-trial comparisons, living alone had
stronger association with mortality in males than in the
females (ratio of RRs = 1.39, 95% CI 1.14—1.70, test of
interaction P = o.oo1) (Figure 4). Applying ICEMAN

criteria, only the lack of a priori specified direction of
the effect decreases the credibility. Overall, we judged
the credibility as moderate bordering on high (Appen-
dix, Text S2).

Including all groups of males (from the within-trial
comparisong®#*93°3333537 and studies that enrolled
only*>*?) the association between living alone and mor-
tality demonstrated a RR of 1.41, 95% CI 1.17—1.71, 88
more per 1000. Including all groups of females (from
the within-trial comparisons*+*>3333537 and studies
that enrolled only females individuals®”), the association
between living alone and mortality demonstrated a RR
of 1.15, 95% CI 0.99—1.33, 18 more per 1000 (Figure 5).

Risk of bias and follow-up time

Our comparison of high and low risk of bias studies pro-
vided no support for a subgroup effect according to risk
of bias (P = 0.6) (Appendix, Figure S2). The meta-
regression provided no support for a subgroup effect
according to duration of follow-up time (P = o.1)
(Appendix, Figure S3).

Publication bias
The asymmetrical funnel plot (Appendix, Figure Sg4)
and Egger's test (P 0.02), indicate potential
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RR (95% Cl)

Avlund 1998_males —_—— 2.11(1.10, 4.10)
Avlund 1998 _females - 1.43 (0.90, 2.30)
Iwasa 2006_males —_—— 2.44 (1.37,4.37)
lwasa 2006_females —_—— 0.77 (0.39, 1.53)
Jylha 1989_males —_—— 0.98 (0.70, 1.37)
Jylha 1989_females —_— 0.85 (0.58, 1.26)
Kandler 2007_males —— 1.77 (1.47, 2.13)
Kandler 2007_females —1— 1.10 (0.88, 1.38)
Ng 2015_males —_— 2.15(1.22, 3.62)
Ng 2015 _females —— 1.14 (0.59, 2.15)
Pimouguet 2015_males —— 1.44 (1.18, 1.76)
Pimouguet 2015_females —— 1.19 (0.99, 1.43)
Scafato 2008_males —_—— 1.25(1.03, 1.47)
Scafato 2008_females —— 1.04 (0.85, 1.25)
Takeuchi 2018_males * 0.66 (0.12, 3.33)
Takeuchi 2018_females < 2.11(0.74, 5.96)

| | I

5 1 2 6

Figure 4. Within-trial comparisons of sex.

Notes: interaction P = 0.001; RR = relative risk; Cl = confidence interval.

publication bias among the included studies. Based on
the trim-and-fill method, six studies were imputed
(Appendix, Figure Ss5), and correction for potential pub-
lication bias did not alter the association between living
alone and all-cause mortality (RR = 1.08, 95% CI 1.01

—1.16).

Evidence certainty

We identified eighteen studies, including ten at low and
eight at moderate risk of bias. Although there was
potential publication bias, the correction for this bias
using the trim-and-fill method did not alter the associa-
tion between living alone and mortality. We did not rate
down for publication bias in this review. Due to the
credible subgroup effects of age and sex, we evaluated
our certainty in the results of each subgroup separately
(Table 2).

For the subgroup analysis of age, in younger adults
we rated the certainty of evidence as high for living
alone as a prognostic risk factor for mortality and low as
a causal factor for mortality. In the older adults we rated
the certainty of evidence as moderate for living alone as
a prognostic factor and very low as a causal factor.

www.thelancet.com Vol 54 December, 2022

For the subgroup analysis of sex, in males we rated the
certainty of evidence as high for living alone as a prognos-
tic factor for mortality and low as a causal factor for mortal-
ity. In females, we rated the certainty of evidence was
moderate for living alone as a prognostic factor and very
low for living alone as a causal factor. Although the I* sta-
tistic was 86%, only one study (10% of the weight in the
analysis) has the CI that does not overlap with the 95% CI
of our pooled estimate.*® Due to the very large sample
size of included studies, as is the case in most prognostic
factor review, the I* statistic can be misleading the judg-
ments of inconsistency.” We therefore didn’t rate down
for the inconsistency in the analysis of males.

Discussion

This review demonstrated living alone is associated with
increased mortality in individuals under 65 (high cer-
tainty) but not in older individuals, in males (high cer-
tainty) but less so in females, and it is possible the
association may be causal (low certainty) both in youn-
ger adults and males. Age-stratified meta-analyses of
between-trial comparisons revealed living alone was
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Figure 5. Forest plot for relative risk of males and females lived alone on all-cause mortality.

Notes: RR = relative risk; Cl = confidence interval.

associated with an increase in the risk of mortality by
41% in younger adults with no association in older
adults. Sex-stratified meta-analyses of between-trial
comparisons revealed living alone was associated with
an increase in the risk of mortality by 41% in males and
by 15% in females.

This is the first meta-analysis addressing living alone
on all-cause mortality among community-dwelling adult
populations heterogeneous with respect to underlying
medical conditions. Strengths of this review include a
comprehensive search for eligible studies and duplicate
selection, data extraction, risk of bias assessment. We
explored possible effect modification by age and sex,
focusing on within-study comparisons, and applied crite-
ria from a rigorously developed instrument, ICEMAN,"”
to address the credibility of the apparent subgroup
effects. Finally, we used the GRADE approach to assess
the certainty of evidence addressing both living alone as
a prognostic factor™' and a causal factor for mortality.*®

Limitations include the unavailability of the evidence
to explore other subgroup effects of possible interest
and the substantial levels of clinical heterogeneity in
some subgroup analyses. For example, different

structures of households (people living with others are
doing so as a couple, with parents, with children, or
with friends), and different cultural backgrounds (West-
ern countries or non-Western countries), could result in
differences in the association between living alone and
mortality. Studies have addressed a separate question,
the association between marital status and mortality,
and we did not address this question, which might have
provided further insight. Because there was only one
study that reported the effects stratified by both age and
sex, we could not ascertain the relative contributions of
age and sex to the associations. Besides, the clinical het-
erogeneity (e.g., different structures of households, cul-
tural backgrounds and follow-up time) of eligible trials
included in one subgroup analysis may also devote to
substantial levels of heterogeneity.

Statistical heterogeneity as reflected in the I* was
high in all analyses. This was the case despite point esti-
mates indicating, to a great extent, a consistent mes-
sage. The apparent discrepancy is due to the very large
sample size of included studies and the resulting nar-
row confidence intervals. It is well established that in
such situations large statistical heterogeneity can exist
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Based on data from
23833 participants

in 8 studies

In older adults

Mortality Relative risk: 1.05
(C195% 0.91—-1.22)
Based on data from
15,787 participants
in 8 studies
In males
Mortality Relative risk: 1.41
(C195% 1.17-1.71)
Based on data from
14,634 participants
in 10 studies
In females
Mortality Relative risk: 1.15

(C195% 0.99—1.33)
Based on data from
16,443 participants

in 8 studies

Difference: 21 more per 1000
(C1 95% 9 more - 36 more)

190 200

per 1000 per 1000
Difference: 10 more per 1000
(C195% 17 fewer - 42 more)

214 302

per 1000 per 1000
Difference: 88 more per 1000
(C195% 36 more - 152 more)

123 141

per 1000 per 1000
Difference: 18 more per 1000
(C195% 1 fewer - 41 more)

studies begin as high certainty, no
further reason to rate down.
Certainty in causal association
Low: for causation, observational
studies begin as low certainty
because of residual confounding,

no further reason to rate down.

Certainty in association

Moderate: for prognosis, observa-
tional studies begin as high cer-
tainty

Further rating down due to serious
imprecision

Certainty in causal association

Very low: for causation, observational
studies begin as low certainty
because of residual confounding

Further rating down due to serious

imprecision

Certainty in association

High: for prognosis, observational
studies begin as high certainty, no
further reason to rate down.

Certainty in causal association

Low: for causation, observational
studies begin as low certainty
because of residual confounding,

no further reason to rate down.

Certainty in association

Moderate: for prognosis, observa-
tional studies begin as high cer-
tainty

Further rating down due to serious
imprecision.

Certainty in causal association

Very low: for causation, observational
studies begin as low certainty
because of residual confounding

Further rating down due to serious

imprecision

Group Study results and Absolute risk difference Certainty of evidence Plain language summary
measurements
Not living alone Living alone
In younger adults
Mortality Relative risk: 1.41 50 71 Certainty in association Living alone is associated with
(C195% 1.17—-1.71) per 1000 per 1000 High: for prognosis, observational increased mortality for the

younger adults.

Living alone may increase mortal-

ity for the younger adults.

Living alone is probably associ-
ated with little or no increase

mortality for the older adults

We are uncertain whether living
alone increases or decreases

mortality for the older adults

Living alone is associated with

increased mortality for males.

Living alone may increase mortal-

ity for males.

Living alone is probably associ-
ated with little or no increase

mortality for females.

We are uncertain whether living
alone increases or decreases

mortality for females.

Notes: CI = confidence interval.

Table 2: Summary of findings of living alone as prognostic factor for all-cause mortality vs cause of all-cause mortality.
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in the face of point estimates that are essentially
consistent.”

One previous systematic review and meta-analysis
found that living alone increased the relative risk of
mortality by 32%.° That systematic review differed from
ours: whereas we restricted our sample to studies with
adjusted analysis that are therefore at lower risk of bias,
the previous review included studies irrespective of
adjustment for covariates. The prior review also
included studies with participants with specific diseases
(e.g., depression, cardiovascular diseases). Our review
included only studies that enrolled a representative sam-
ple of all community-dwelling adults, and excluded
studies focusing on participants with specific diseases,
thus allowing inferences to the populations heteroge-
neous with respect to underlying medical conditions.

A further difference is the failure of the prior review
to undertake subgroup analysis. In our review, we per-
formed subgroup analysis to explore potential effect
modifiers and found, applying rigorously developed cri-
teria,” important age and sex differences in the associa-
tion of living alone and all-cause mortality. The prior
review did not provide a structured assessment of cer-
tainty of evidence, in contrast to our use of the GRADE
approach addressing the issue from both the perspective
of prognosis/association and causation.

This systematic review provides information regard-
ing the potential association and possible adverse effect
of living alone on mortality among community-dwell-
ing adults. Results showed a substantial association in
younger but not older adults, and an apparent stronger
association among males but not females. Although
the explanation of the association of living alone and
the higher risk of death among younger individuals
are unclear, the following may be potential explana-
tions. Firstly, the association might not be causal, but
rather because younger adults who live alone have
greater exposure to vascular factors, such as smoking,
drinking, eating salty foods, lower consumption of
some core foods groups (vegetables, fruits, and sea-
food) and physical inactivity.’*° Compared to older
adults who lived alone, younger adults living alone had
higher proportions of smoking*" and lower vegetables
intake.** In comparison to those to those living with
others, older adults who live alone may be physically
healthier.#4# Tt is plausible this may be case in youn-
ger but not older adults living alone, which would
explain the association being restricted to the younger
age group. Moreover, it may be more true in males
than females, explaining the stronger association in
males.

It it also possible that living alone has a causal rela-
tion with mortality. Individuals who live with others
may gain more encouragement to maintain a healthy
lifestyle, and this may be more important in younger
individuals*"** and in males.*>#> Further, individuals
who live with others may get faster contact with medical

services and first aid help in the event of illness, though
it seems implausible that this factor would differ by age
or sex. Living alone may result in loneliness and depres-
sion, and this may be a greater problem in younger indi-
viduals and in males who tend to have fewer social
networks than females.*®

Inflammation could be considered as one of the
pathogenesis for living alone and all-cause mortality.
Studies have reported associations between living alone
and higher levels of C-reactive protein (CRP) and/or
interleukin-6 (IL-6).#7"#9 These inflammatory markers
have been associated with many diseases,’® > which
may increase the risk of mortality. One recent cohort
study found a strong association between years lived
alone and elevated IL-6 and CRP for middle-aged males,
but not for females,>* providing another possible expla-
nation for our findings.

Our results provide compelling evidence of a true
association between living alone and mortality in youn-
ger but not older adults, an association that appears
stronger in males than females. The findings, based on
high certainty evidence, mandate more careful scrutiny,
in younger people living alone, with physical and emo-
tional problems and illnesses that may result in prema-
ture death. Action that might be mandated was the
relation between living alone and mortality causal —
actively encouraging younger people living alone to
modify their living arrangements — is less secure. For
causation, the low certainty of the evidence leaves the
advisability of such initiatives in greater doubt. Future
studies assessing the association between living alone
and all-cause mortality should ideally consider different
structures of households and different cultural back-
grounds.

High certainty of evidence suggests that living alone
is associated with a increased risk of all-cause mortality
among younger adults, and that the association may be
stronger in males than females. For the causal inference
— living alone actually causes increased deaths — the
evidence is only low certainty.

Contributors

Yunli Zhao and Gordon Guyatt conceived and designed
the study; Yunli Zhao, Ya Gao, Ream Abdullah and
John Basmaji acquired data (including selecting the
study, extracting the data and assessing the risk of bias);
Yunli Zhao, Farid Foroutan and Qiukui Hao analysed
data; Yunli Zhao, Gordon Guyatt, Farid Foroutan, Ya
Gao and Qiukui Hao interpreted the data; Yunli Zhao
drafted the article; Gordon Guyatt and Farid Foroutan,
critically revised the article; all authors reviewed the sub-
mitted version of manuscript and approved the final ver-
sion of the manuscript. Yunli Zhao and Ya Gao
accessed and verified the underlying data. All authors
had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

www.thelancet.com Vol 54 December, 2022



Articles

Data sharing statement
Not applicable.

Declaration of interests
None.

Acknowledgments

We thank Rachel Couban (librarian at McMaster Uni-
versity; email: rcouban @mcmaster.ca) for helping with
developing the search strategy.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at doi:ro.1016/j.
eclinm.2022.101677.

References

I

I0

II

12

3

14

15

Eurostat. Statistics explained. Household composition statistics.
2021. Accessed August 23, 2021. https://ec.europa.eu/eurostat/sta
tistics-explained/index.php?title=Household_composition_statis
tics. Accessed 21 June 21 2022.

Joseph C. Living alone in America. 2019. https://thehill.com/opin
ion/finance/563786-living-alone-in-america. Accessed 21 June 21
2022.

Jackie T, Nora G, Johnny T. Insights on Canadian Society: Living
alone in Canada. 2019. https://wwwiso.statcan.gc.ca/n1/pub/75-006-
x/2019001 /article/oooo3-eng. htm. Accessed 21 June 21 2022.

Office for National Statistics; The Cost of Living Alone. London:
UK Statistics Authority, https://www.ons.gov.uk/peoplepopulatio
nandcommunity/birthsdeathsandmarriages /families/articles/the
costoflivingalone/2019-04-04. Accessed 21 June 21 2022.

Jamieson L, Simpson R. Living alone. Globalization, Identity and
Belonging. Hampshire: Palgrave Macmillan studies in family and
intimate life; 2013.

Udell JA, Steg PG, Scirica BM, et al. Living alone and cardiovascu-
lar risk in outpatients at risk of or with atherothrombosis. Arch
Intern Med. 2012;172:1086-1095. https://doi.org/10.1001/archin-
ternmed.2012.2782.

Nam GE, Kim W, Han K, et al. Association between living alone
and incident type 2 diabetes among middle-aged individuals in
Korea: a nationwide cohort study. Sci Rep. 2021;11:3659. https://
doi.org/10.1038/s41598-021-82868-z.

Eichler T, Hoffmann W, Hertel J, et al. Living alone with dementia:
prevalence, correlates and the utilization of health and nursing care
services. | Alzheimers Dis. 2016;52:619-629. https://doi.org/
10.3233/JAD-151058.

Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D. Lone-
liness and social isolation as risk factors for mortality: a meta-ana-
lytic review. Perspect Psychol Sci. 2015;10:227—237. https://doi.org/
10.1177/1745691614568352.

Abell JG, Steptoe A. Why is living alone in older age related to
increased mortality risk? A longitudinal cohort study. Age Ageing.
2021;50:2019—2024. https://doi.org/10.1093 /ageing/afabiss.
Renwick KA, Sanmartin C, Dasgupta K, Berrang-Ford L, Ross N.
The influence of low social support and living alone on premature
mortality among aging Canadians. Can ] Public Health.
2020;111:594-605. https://doi.org/10.17269/$41997-020-00310-9.
Hayden JA, van der Windt DA, Cartwright JL, C6té P, Bombardier
C. Assessing bias in studies of prognostic factors. Ann Intern Med.
2013;158:280-286. https://doi.org/10.7326/0003-4819-158-4-
201302190-00009.

Shor E, Roelfs D, Vang ZM. The “Hispanic mortality paradox”
revisited: Meta-analysis and meta-regression of life-course dif-
ferentials in Latin American and Caribbean immigrants’ mor-
tality. Soc Sci Med. 2017;186:20-33. https://doi.org/10.1016/j.
socscimed.2017.05.049.

Higgins |, Green S. Cochrane Handbook for Systematic Reviews of
Interventions. Chichester (UK): John Wiley & Sons; 2011.

Torio A, Spencer FA, Falavigna M, et al. Use of GRADE for assess-
ment of evidence about prognosis: rating confidence in estimates

www.thelancet.com Vol 54 December, 2022

16

7

18

9

20

21

22

23

24

25

26

27

28

29

30

31

32

of event rates in broad categories of patients. BM]J. 2015;350:h870.
https://doi.org/10.1136 /bmj.h870.

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rat-
ing the quality of evidence—inconsistency. | Clin Epidemiol.
2011;64:1294-1302. https://doi.org/10.1016/].jclinepi.2011.03.017.
Schandelmaier S, Briel M, Varadhan R, Schmid CH, et al. Develop-
ment of the Instrument to assess the Credibility of Effect Modifica-
tion Analyses (ICEMAN) in randomised controlled trials and meta-
analyses. CMA]J. 2020;192:E9o1-E9o6. https://doi.org/10.1503/
CMaj.200077.

Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based
method of testing and adjusting for publication bias in meta-analy-
sis. Biometrics. 2000;56:455-463. https://doi.org/10.1111/j.0006-
341IX.2000.00455.X.

Foroutan F, Guyatt G, Zuk V, et al. GRADE Guidelines 28: use of
GRADE for the assessment of evidence about prognostic factors:
rating certainty in identification of groups of patients with different
absolute risks. J Clin Epidemiol. 2020;121:62—70. https://doi.org/
10.1016/j.jclinepi.2019.12.023.

Zeng L, Brignardello-Petersen R, Hultcrantz M, et al. GRADE
guidelines 32: GRADE offers guidance on choosing targets of
GRADE certainty of evidence ratings. ] Clin Epidemiol.
2021;137:163-175. https://doi.org/10.1016/].jclinepi.2021.03.026.
Carrasco-Labra A, Brignardello-Petersen R, Santesso N, et al.
Improving GRADE evidence tables part 1: a randomised trial shows
improved understanding of content in summary of findings tables
with a new format. J Clin Epidemiol. 2016;74:7-18. https://doi.org/
10.1016/j.jclinepi.2015.12.007.

Santesso N, Glenton C, Dahm P, et al. GRADE guidelines 26:
informative statements to communicate the findings of systematic
reviews of interventions. | Clin Epidemiol. 2020;119:126-135.
https://doi.org/10.1016/].jclinepi.2019.10.014.

Jylhd M, Hervonen A. Functional status and need of help among
people aged 9o or over: a mailed survey with a total home-dwelling
population. Scand J Public Health. 1999;27:106-111.

Avlund K, Damsgaard MT, Holstein BE. Social relations and mor-
tality. An eleven year follow-up study of 7o-year-old men and
women in Denmark. Soc Sci Med. 1998;47:635-643. https://doi.
org/10.1016/50277-9536(98)00122-1.

Kandler U, Meisinger C, Baumert J, Léwel H, KORA Study Group.
Living alone is a risk factor for mortality in men but not women
from the general population: a prospective cohort study. BMC Pub-
lic Health. 2007;7:335. https://doi.org/10.1186 /1471-2458-7-335.
Mollica RF, Sarajlic N, Chernoff M, Lavelle |, Vukovic IS, Massagli
MP. Longitudinal study of psychiatric symptoms, disability, mortal-
ity, and emigration among Bosnian refugees. JAMA.
2001;286:546-554. https://doi.org/10.1001/jama.286.5.546.
Denollet ], Maas K, Knottnerus A, Keyzer JJ, Pop VJ. Anxiety pre-
dicted premature all-cause and cardiovascular death in a 10-year
follow-up of middle-aged women. | Clin Epidemiol. 2009;62
(4):452—456. https://doi.org/10.1016/j.jclinepi.2008.08.006.
Gopinath B, Rochtchina E, Anstey K], Mitchell P. Living alone
and risk of mortality in older, community-dwelling adults.
JAMA Intern Med. 2013;173:320-321. https://doi.org/10.1001/
jamainternmed.2013.1597.

Iwasa H, Kawaai C, Gondo Y, Inagaki H, Suzuki T. [Subjective
well-being and all-cause mortality among middle-aged and
elderly people living in an urban Japanese community]. Nihon
Ronen  Igakkai Zasshi. 2005;42:677-683. https://doi.org/
10.3143/geriatrics.42.677.

Jensen MT, Marott JL, Holtermann A, Gyntelberg F. Living alone is
associated with all-cause and cardiovascular mortality: 32 years of
follow-up in the Copenhagen male study. Eur Heart | Qual Care
Clin Outcomes. 2019;5:208-217. https://doi.org/10.1093/ehjqcco/
qCzo04.

Jylha M, Aro S. Social ties and survival among the elderly in Tam-
pere, Finland. Int J Epidemiol. 1989;18:158-164. https://doi.org/
10.1093 /ije/18.1.158.

Khalatbari-Soltani S, Stanaway F, Cvejic E, et al. Contribution of
psychosocial factors to socioeconomic inequalities in mortality
among older Australian men: a population-based cohort study. Int
J Equity Health. 2020;19:177. https://doi.org/10.1186/s12939-020-
01277-2.

Ng N, Santosa A, Weinehall L, Malmberg G. Living alone and mor-
tality among older people in Visterbotten County in Sweden: a sur-
vey and register-based longitudinal study. BMC Geriatr. 2020;20:7.
https://doi.org/10.1186/s12877-019-1330-9.


https://rcouban@mcmaster.ca
https://doi.org/10.1016/j.eclinm.2022.101677
https://doi.org/10.1016/j.eclinm.2022.101677
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Household_composition_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Household_composition_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Household_composition_statistics
https://thehill.com/opinion/finance/563786-living-alone-in-america
https://thehill.com/opinion/finance/563786-living-alone-in-america
https://www150.statcan.gc.ca/n1/pub/75-006-x/2019001/article/00003-eng.htm
https://www150.statcan.gc.ca/n1/pub/75-006-x/2019001/article/00003-eng.htm
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/families/articles/thecostoflivingalone/2019-04-04
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/families/articles/thecostoflivingalone/2019-04-04
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/families/articles/thecostoflivingalone/2019-04-04
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0005
https://doi.org/10.1001/archinternmed.2012.2782
https://doi.org/10.1001/archinternmed.2012.2782
https://doi.org/10.1038/s41598-021-82868-z
https://doi.org/10.1038/s41598-021-82868-z
https://doi.org/10.3233/JAD-151058
https://doi.org/10.3233/JAD-151058
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1093/ageing/afab155
https://doi.org/10.17269/s41997-020-00310-9
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.1016/j.socscimed.2017.05.049
https://doi.org/10.1016/j.socscimed.2017.05.049
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0014
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0014
https://doi.org/10.1136/bmj.h870
https://doi.org/10.1016/j.jclinepi.2011.03.017
https://doi.org/10.1503/cmaj.200077
https://doi.org/10.1503/cmaj.200077
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1016/j.jclinepi.2019.12.023
https://doi.org/10.1016/j.jclinepi.2019.12.023
https://doi.org/10.1016/j.jclinepi.2021.03.026
https://doi.org/10.1016/j.jclinepi.2015.12.007
https://doi.org/10.1016/j.jclinepi.2015.12.007
https://doi.org/10.1016/j.jclinepi.2019.10.014
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00407-2/sbref0023
https://doi.org/10.1016/s0277-9536(98)00122-1
https://doi.org/10.1016/s0277-9536(98)00122-1
https://doi.org/10.1186/1471-2458-7-335
https://doi.org/10.1001/jama.286.5.546
https://doi.org/10.1016/j.jclinepi.2008.08.006
https://doi.org/10.1001/jamainternmed.2013.1597
https://doi.org/10.1001/jamainternmed.2013.1597
https://doi.org/10.3143/geriatrics.42.677
https://doi.org/10.3143/geriatrics.42.677
https://doi.org/10.1093/ehjqcco/qcz004
https://doi.org/10.1093/ehjqcco/qcz004
https://doi.org/10.1093/ije/18.1.158
https://doi.org/10.1093/ije/18.1.158
https://doi.org/10.1186/s12939-020-01277-2
https://doi.org/10.1186/s12939-020-01277-2
https://doi.org/10.1186/s12877-019-1330-9

Articles

14

34

35

36

37

38

39

42

43

44

Pimouguet C, Rizzuto D, Schon P, et al. Impact of living alone on
institutionalization and mortality: a population-based longitudinal
study. Eur ] Public Health. 2016;26:182-187. https://doi.org/
10.1093/eurpub/ckvos2.

Scafato E, Galluzzo L, Gandin C, et al. Marital and cohabitation sta-
tus as predictors of mortality: a 10-year follow-up of an Italian
elderly cohort. Soc Sci Med. 2008;67:1456-1464. https://doi.org/
10.1016/j.s0cscimed.2008.06.026.

Tabue Teguo M, Simo-Tabue N, Stoykova R, et al. Feelings of lone-
liness and living alone as predictors of mortality in the elderly: the
PAQUID study. Psychosom Med. 2016;78:904-909. https://doi.
org/10.1097/PSY.0000000000000386.

Takeuchi M, Showa S, Kitazawa K, Mori M. Living alone is
associated with an increased risk of institutionalization in older
men: a follow-up study in Hamanaka Town of Hokkaido,
Japan. Geriatr Gerontol Int. 2018;18:867-8y72. https://doi.org/
10.1111/ggi.13267.

Trevisan C, Veronese N, Maggi S, et al. Factors influencing transi-
tions between frailty states in elderly adults: the Progetto Veneto
Anziani longitudinal study. | Am Geriatr Soc. 2017;65:179-184.
https://doi.org/10.1111/jgs.14515.

Jeong S, Cho SI. Effects of living alone versus with others and of
housemate type on smoking, drinking, dietary habits, and physical
activity among elderly people. Epidemiol Health. 2017;39:€2017034.
https://doi.org/10.4178 /epih.e2017034.

Hanna KL, Collins PF. Relationship between living alone and food
and nutrient intake. Nutr Rev. 2015;73:594—611. https://doi.org/
10.1093/nutrit/nuvo24.

Lee SW, Han B, Cho SJ, et al. Associations between living alone
and smoking and alcohol consumption in Korean adults. Korean J
Fam Med. 2020;41:306-311. https://doi.org/10.4082 /kjfm.18.0148.
Wakita Asano A, Hayashi F, Miyoshi M, et al. Demographics,
health-related behaviors, eating habits and knowledge associated
with vegetable intake in Japanese adults. Eur J Clin Nutr.
2009;63:1335-1344. https://doi.org/10.1038 /ejcn.2009.88.

Fujii K, Fujii Y, Kitano N, Sato A, Hotta K, Okura T. Mediating role
of instrumental activities of daily living ability on cognitive func-
tion of older adults living alone: a 4-year longitudinal study from
the Kasama study. Medicine (Baltimore). 2021;100:€27416. https://
doi.org/10.1097/MD.0000000000027416.

Sarwari AR, Fredman L, Langenberg P, Magaziner J. Prospective
study on the relation between living arrangement and change in func-

45

46

47

48

49

50

51

52

53

54

tional health status of elderly women. Am J Epidemiol. 1998;1477:370—
378. https://doi.org/10.1093/0xfordjournals.aje.a009459.

Temple JB. Household factors associated with older Australian’s
purchasing a varied diet: results from household expenditure data.
Nutr  Diet.  20006;63:28-35.  https://doi.org/10.1111/j.1747-
0080.2006.00035.x.

Ajrouch KJ, Blandon AY, Antonucci TC. Social networks among
men and women: the effects of age and socioeconomic status. |
Gerontol B Psychol Sci Soc Sci. 2005;60:S311-S317. https://doi.org/
10.1093/geronb/60.6.5311.

Nilsson CJ, Neorgaard S, Foverskov E, Bruunsgaard H, Andersen
PK, Lund R. Positive and negative aspects of social relations and
low-grade inflammation in Copenhagen aging and midlife bio-
bank. Eur ] Ageing. 2020;17:531-546. https://doi.org/10.1007/
$10433-020-005061-y.

Walker E, Ploubidis G, Fancourt D. Social engagement and loneli-
ness are differentially associated with neuro-immune markers in
older age: time-varying associations from the English longitudinal
study of ageing. Brain Behav Immun. 2019;82:224-229. https://
doi.org/10.1016/j.bbi.2019.08.189.

Zilioli S, Jiang Y. Endocrine and immunomodulatory effects of
social isolation and loneliness across adulthood. Psychoneuroendocri-
nology. 2021;128:105194. https://doi.org/10.1016/j.psyneuen.2021.
Fermont JM, Masconi KL, Jensen MT, et al. Biomarkers and
clinical outcomes in COPD: a systematic review and meta-analysis.
Thorax. 2019;74:439—446. https://doi.org/10.1136 /thoraxjnl-2018-
211855.

Liu C, Feng X, Li Q, Wang Y, Li Q, Hua M. Adiponectin, TNF-«
and inflammatory cytokines and risk of type 2 diabetes: a system-
atic review and meta-analysis. Cytokine. 2016;86:100-109. https://
doi.org/10.1016/j.cyt0.2016.06.028.

Nikiteas NI, Tzanakis N, Gazouli M, et al. Serum IL-6, TNFalpha
and CRP levels in Greek colorectal cancer patients: prognostic
implications. World ] Gastroenterol. 2005;11:1639-1643. https://doi.
org/10.3748 /wjg.vILiI1.1639.

Valkanova V, Ebmeier KP, Allan CL. CRP, IL-6 and depression: a sys-
tematic review and meta-analysis of longitudinal studies. J Affect Dis-
ord. 2013;150:736—744. https:/ /doi.org/10.1016 /j.jad.2013.06.004.
Davidsen K, Carstensen S, Kriegbaum M, Bruunsgaard H, Lund R.
Do partnership dissolutions and living alone affect systemic chronic
inflammation? A cohort study of Danish adults. ] Epidemiol Commu-
nity Health. 2022. https://doi.org/10.1136 /jech-2021-217422.

www.thelancet.com Vol 54 December, 2022


https://doi.org/10.1093/eurpub/ckv052
https://doi.org/10.1093/eurpub/ckv052
https://doi.org/10.1016/j.socscimed.2008.06.026
https://doi.org/10.1016/j.socscimed.2008.06.026
https://doi.org/10.1097/PSY.0000000000000386
https://doi.org/10.1097/PSY.0000000000000386
https://doi.org/10.1111/ggi.13267
https://doi.org/10.1111/ggi.13267
https://doi.org/10.1111/jgs.14515
https://doi.org/10.4178/epih.e2017034
https://doi.org/10.1093/nutrit/nuv024
https://doi.org/10.1093/nutrit/nuv024
https://doi.org/10.4082/kjfm.18.0148
https://doi.org/10.1038/ejcn.2009.88
https://doi.org/10.1097/MD.0000000000027416
https://doi.org/10.1097/MD.0000000000027416
https://doi.org/10.1093/oxfordjournals.aje.a009459
https://doi.org/10.1111/j.1747-0080.2006.00035.x
https://doi.org/10.1111/j.1747-0080.2006.00035.x
https://doi.org/10.1093/geronb/60.6.s311
https://doi.org/10.1093/geronb/60.6.s311
https://doi.org/10.1007/s10433-020-00561-y
https://doi.org/10.1007/s10433-020-00561-y
https://doi.org/10.1016/j.bbi.2019.08.189
https://doi.org/10.1016/j.bbi.2019.08.189
https://doi.org/10.1016/j.psyneuen.2021
https://doi.org/10.1136/thoraxjnl-2018-211855
https://doi.org/10.1136/thoraxjnl-2018-211855
https://doi.org/10.1016/j.cyto.2016.06.028
https://doi.org/10.1016/j.cyto.2016.06.028
https://doi.org/10.3748/wjg.v11.i11.1639
https://doi.org/10.3748/wjg.v11.i11.1639
https://doi.org/10.1016/j.jad.2013.06.004
https://doi.org/10.1136/jech-2021-217422

	Living alone and all-cause mortality in community-dwelling adults: A systematic review and meta-analysis
	Introduction
	Methods
	Eligibility criteria
	Search strategy
	Study selection
	Data extraction
	Risk of bias assessment
	Statistical analysis
	Subgroup analysis
	Publication bias
	Certainty of evidence
	Ethics approval and consent to participate
	Role of the funding source

	Results
	Study selection and characteristics
	Risk of bias of individual studies
	Living alone on all-cause mortality
	Subgroup analysis
	Age
	Sex

	Risk of bias and follow-up time
	Publication bias
	Evidence certainty

	Discussion
	Contributors
	Data sharing statement
	Declaration of interests
	Acknowledgments
	Supplementary materials
	References



