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Abstract 

Background  Many studies exist on the living arrangements and health status of older adults, but the findings have 
been inconsistent. Therefore, we examined the relationship between living arrangements and all-cause mortality 
in older adults.

Methods  This perspective study was based on the Chinese Longitudinal Healthy Longevity Survey (CLHLS) 
from 2011 to 2018. We used a sample aged 65 years and over included in the study in 2011. Propensity score match-
ing was performed to minimize bias and Cox proportional hazards regression models were conducted.

Results  A total of 7,963 participants were included. Of these, 1,383 were living alone, 6,424 were living with families, 
and 156 were living in nursing homes. In the propensity score-matched cohort, older adults living alone had a signifi-
cantly lower risk of all-cause mortality than those living with families (hazard ratio 0.85; 95% confidence intervals 0.76 
to 0.95). Living alone was prominently associated with a decline in mortality compared with living in nursing homes 
(hazard ratio 0.61; 95% confidence intervals 0.44 to 0.84). There was no significant difference in mortality between liv-
ing in nursing homes and living with families (hazard ratio 1.19; 95% confidence intervals 0.89 to 1.60). Subgroup 
analyses indicated that there was no significant interaction with age, sex, education, or residence.

Conclusions  The risk of all-cause mortality was significantly lower in older adults living alone than in those living 
with families or living in nursing homes. This article’s findings suggest the need to adopt multiple approaches to meet 
the needs of senior care services.
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Background
Living arrangements among older adults have attracted a 
great deal of attention with the acceleration of population 
aging in China. According to conventional perceptions, 
living with family members (who provide both physi-
cal and psychological support) remains the traditional 
living arrangement for older people [1, 2]. However, 
with economic development and social transformation, 
the economic independence and self-consciousness of 
older people have been enhanced and pension provi-
sion has increased, which has altered traditions so that 
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preferences for living arrangements have changed [3, 
4]. The proportion of rural Chinese aged 65  years and 
above living with family members fell from 71.3% in 1990 
to 56.5% in 2010, while living alone rose rapidly from 
27.1% to 42.2% [5]. In addition, with the improvement 
in the demand for pension services, the development of 
China’s nursing home industry has accelerated [6]. There-
fore, whether living arrangements have an impact on the 
health status of older individuals is an important topic.

Studies on the relationship between living arrange-
ments and mortality risk in older people are relatively 
abundant; however, these studies have limitations. These 
limitations have included generalizing the classification 
of living arrangements, not controlling for confounding 
factors, and the rare use of a variety of unusual methods 
to test the reliability of the results. Such limitations have 
led to doubts about the obtained results. A recent meta-
analysis has shown that compared with not living alone, 
living alone increases mortality risk for individuals under 
65 years of age, but not in people over 75 years of age [7]. 
Several studies have reported that living alone or living 
in nursing homes is associated with an increased risk of 
mortality [8–14], yet others have shown that people liv-
ing alone have a lower risk of death than those living 
with others [15, 16]. Furthermore, several investigations 
have concluded that there is no association between liv-
ing alone and the risk of mortality [17, 18]. From the 
existing evidence, we speculate that differences in find-
ings between living arrangements and mortality may be 
influenced by factors such as age, sex, education, and 
health status. Therefore, it is necessary to control these 
covariables to further explore this relationship. In addi-
tion, although nursing homes are continuously evolving, 
the uneven quality of nursing home services has been 
controversial, and research on the mortality risk of older 
people in nursing homes is lacking. Thus, a need exists 
to investigate the relationship between living arrange-
ments and mortality, with a view to providing better liv-
ing arrangements for older adults.

Hence, we used propensity score matching to compare 
all-cause mortality in people aged 65 years and over living 
alone, living with families, and living in nursing homes. 
Our objective was to estimate the hazard ratios (HRs) for 
all-cause mortality for different living arrangements.

Methods
Data sources and study cohort
This cohort study used data from the Chinese Longitu-
dinal Healthy Longevity Survey (CLHLS), which covered 
22 of 31 provinces in China [19]. The CLHLS, which 
investigated the determinants of health and longevity of 
older adults in China, began in 1998 and has since been 
followed up in 2000, 2002, 2005, 2008, 2011, 2014, and 

2018. During the CLHLS baseline survey, respondents 
were people of 80 years and over, and the age range after 
2002 was adjusted to those over 65 years of age. The study 
design has been described in detail elsewhere [20, 21].

We used the sample aged 65  years and over included 
in the 2011 follow-up study to classify living arrange-
ments as living alone, living with families, or living in a 
nursing home. All participants were followed up in 2014 
and in 2018 to monitor vital status. Follow-up continued 
until death, loss of follow-up, or the end of the study. Par-
ticipants without baseline characteristics or incomplete 
records were excluded.

Variables
The primary exposures were living arrangements includ-
ing living alone (living in a one-person household), liv-
ing with families (living with a spouse or a cohabitee 
and possibly with others), and living in nursing homes 
(living in various types of endowment institutions). The 
potential confounding variables were age, sex, residence, 
education, smoking, drinking, exercise, self-rated health, 
pension, hypertension, heart disease, and diabetes, cog-
nitive function, ADL, BMI, cancer, bronchitis, emphy-
sema, asthma, and pneumonia.

Study outcome
The study outcome was all-cause mortality. In the sec-
ond and third surveys, information was collected on the 
participants’ survival status and date of death. Those still 
alive or lost to follow-up were censored at last follow-up.

Statistical analysis
To minimize the effects of potential confounding factors, 
propensity score matching was performed. The propen-
sity score was estimated using a logistic regression model 
with living arrangements as the dependent variable and 
covariates included as baseline characteristics. Using 
nearest neighbor-matching, a 1:1 matching was con-
ducted on the propensity score with a maximum caliper 
of 0.02. Standardized mean differences were calculated 
in order to examine differences in baseline characteris-
tics between groups before and after matching, with val-
ues less than 0.1 indicating an adequate balance between 
comparison groups [22].

We used Cox proportional hazards regression models 
to estimate the association between all-cause mortality 
and living alone, living with families, or living in nursing 
homes. The cumulative incidences were computed using 
the Kaplan–Meier method. HRs and 95% confidence 
intervals (CI) were estimated using Cox proportional 
hazards regression models.

Subgroup analyses were carried out by age (65–
74  years, 75–84  years, and ≥ 85  years), sex (female and 
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male), residence (urban and rural), education (some 
schooling and no schooling), smoking (yes and no), drink-
ing (yes and no), exercise (yes and no), self-rated health 
(bad, fair, and good), pension (yes and no), hypertension 
(yes and no), heart disease (yes and no), and diabetes 
(yes and no). Based on a likelihood ratio test, interaction 
analysis was used to test for differences between sub-
groups. Several sensitivity analyses were conducted to 
evaluate the robustness of the findings. First, including 
baseline characteristics in the unmatched cohort to esti-
mate the HRs of study outcomes. Second, cognitive func-
tion, ADL, BMI, cancer, bronchitis, emphysema, asthma, 
and pneumonia were added to the variables mentioned 
in the first point to estimate the HRs of study outcomes 
after matching. Third, we excluded individuals who died 
within 3 months from the start of the study.

All statistical analyses were performed using StataMP 
17 version and R4.2.1 statistical software. A two-tailed 
P < 0.05 was used to determine statistical significance.

Results
Study population and baseline characteristics
Of the 9,765 participants between 2011 and 2018, a total 
of 7,963 participants were identified by excluding 1,802 
participants who had incomplete data records. A total 
of 1,383 were living alone, 6,424 were living with fami-
lies, and 156 were living in nursing homes. After propen-
sity score matching, living alone vs. living with families 
included 1,381 participants in each group, living alone vs. 
living in nursing homes included 141 participants in each 
group, and living in nursing homes vs. living with families 
included 152 participants in each group.

Tables  1, 2 and 3 show the baseline characteristics of 
the groups before and after the propensity score match-
ing. There were no significant differences in most base-
line features between the two groups after propensity 
score matching, as each standardized mean difference 
value was less than 0.1. In the matched cohort of living 
alone vs. living with families, the mean age of participants 
was 84.9 ± 9.9 years for living alone and 84.9 ± 10.5 years 
for living with families (36.0% and 36.6% were literate, 
respectively). Self-rated excellent health was 42.9% and 
44.5%, respectively. As for the chronic diseases, 30.3% 
and 28.3% of participants had hypertension, 3.3% and 
3.7% had diabetes, and 11.7% and 10.0% had heart dis-
eases, respectively.

In the matched cohort of living alone vs. living in 
nursing homes, the mean age of participants was 
89.1 ± 9.6  years for living alone and 89.9 ± 9.6  years for 
living in nursing homes (36.9% and 40.4% were literate, 
respectively). Self-reported excellent health was 40.4% 
and 44.7%, respectively. As for chronic diseases, 37.6% 
and 36.2% of participants had hypertension, 2.1% and 

2.8% had diabetes, and 14.9% and 15.6% had heart dis-
eases, respectively. Detailed baseline characteristics of 
the participants living in nursing homes vs. living with 
families are listed in Table 3.

Association of living arrangements and mortality
Figures 1, 2 and 3 show the results of Kaplan–Meier anal-
ysis between living arrangements and mortality following 
propensity score matched analysis. Compared with living 
with families, older adults living alone had a significantly 
lower risk of all-cause mortality (HR 0.85; 95% CI 0.76 to 
0.95). Similarly, living alone was prominently associated 
with a decline in mortality in the living alone vs. living 
in nursing homes cohort (HR 0.61; 95% CI 0.44 to 0.84). 
There was an insignificant difference in all-cause mortal-
ity for older adults living in nursing homes or living with 
families (HR 1.19; 95% CI 0.89 to 1.60). Kaplan–Meier 
plots are presented in Figs. 4, 5 and 6 for the unmatched 
cohorts.

Subgroup and sensitivity analyses
There was no evidence for an interaction between liv-
ing alone vs. living with families and all-cause mortality 
for age (P-value for interaction 0.293), sex (P-value for 
interaction 0.757), and education (P-value for interac-
tion 0.131) (see Fig.  7). Residence (P-value for interac-
tion 0.480), smoking (P-value for interaction 0.335), and 
exercise (P-value for interaction 0.381) did not achieve 
statistical significance between living alone vs. living in 
nursing homes and all-cause mortality (see Fig.  8). The 
sensitivity analyses consistently indicated that partici-
pants living alone had a significantly reduced the risk of 
all-cause mortality compared to living in nursing homes 
(see Table 4).

Discussion
In this study, we revealed that older people who live alone 
have a lower risk of all-cause mortality than those liv-
ing with families or living in nursing homes. In addition, 
we found no statistical difference in all-cause mortality 
between living in nursing homes and living with families.

The finding that older people living alone have a lower 
risk of mortality is in agreement with several previ-
ous studies [23, 24], but in opposition to the findings of 
other reports [25–30]. One suggestion is that people liv-
ing alone are more likely to have lost a partner through 
divorce or death, and this exposes older adults to stress 
and loss of support, which puts them at greater risk of 
death [27]. There is no denying that in the traditional 
Chinese patrilineal culture with importance placed on fil-
ial piety, the disadvantages of living alone could be mag-
nified. However, the following should be noted. Firstly, 
with rural revitalization and government subsidies, older 
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adults living alone can be more independent and have 
better coping mechanisms for survival than those whose 
main source of income is their families. Older people 
living alone are able to control their finances indepen-
dently, without interference from family members, which 
may have a positive psychological effect. Secondly, the 
preferences and opinions of young people are very dif-
ferent from those of their parents, and intergenerational 
conflicts living together are common, which can cause 

emotional stress for older adults. Thirdly, based on the 
current economic pressure and family structure in China, 
we suspect that there may be situations in which older 
adults need to take care of their grandchildren during the 
working week, which can be a burden.

One study concluded that living in nursing homes 
contributed to an increased risk of death when com-
pared with living with families [31]. Here and in previ-
ous studies [28, 32], no significant differences were found 

Table 1  Baseline characteristics of older adults living alone vs. living with families before and after propensity-score matching

Before matching After matching

Living alone Living with families Standardized 
Mean Difference

Living alone Living with families Standardized 
Mean Difference

No. of participants 1383 6424 1381 1381

Age, mean (SD), y 84.9 ± 9.9 84.9 ± 11.2 0.00 84.93 ± 9.9 84.91 ± 10.5 0.00

Sex

  Male 549(39.7%) 3069(47.8%) 0.16 549(39.8%) 540(39.1%) 0.01

  Female 834(60.3%) 3355(52.2%) 0.16 832(60.2%) 841(60.9%) 0.01

Residence

  Urban 584(42.2%) 3125(48.6%) 0.13 584(42.3%) 577(41.8%) 0.01

  Rural 799(57.8%) 3299(51.4%) 0.13 797(57.7%) 804(58.2%) 0.01

Education

  Some schooling 497(35.9%) 2928(45.6%) 0.20 497(36.0%) 506(36.6%) 0.01

  No schooling 886(64.1%) 3496(54.4%) 0.20 884(64.0%) 875(63.4%) 0.01

Smoking

  Yes 221(16.0%) 1245(19.4%) 0.09 221(16.0%) 213(15.4%) 0.02

  No 1162(84.0%) 5179(80.6%) 0.09 1160(84.0%) 1168(84.6%) 0.02

Drinking

  Yes 220(15.9%) 1158(18.0%) 0.06 220(15.9%) 189(13.7%) 0.06

  No 1163(84.1%) 5266 (82.0) 0.06 1161(84.1%) 1192(86.3%) 0.06

Exercise

  Yes 466(33.7%) 2319(36.1%) 0.05 464(33.6%) 463(33.5%) 0.00

  No 917(66.3%) 4105 (63.9) 0.05 917(66.4%) 918(66.5%) 0.00

Self-rated health

  Bad 248(17.9%) 1080(16.8%) 0.03 246 (17.8%) 230(16.7%) 0.03

  Fair 542(39.2%) 2393(37.3%) 0.04 542 (39.2%) 537 (38.9%) 0.01

  Good 593(42.9%) 2951(45.9%) 0.06 593(42.9%) 614(44.5%) 0.03

Hypertension

  Yes 421(30.4%) 1863(29.0%) 0.03 419(30.3%) 391(28.3%) 0.04

  No 962(69.6%) 4561 (71.0) 0.03 962(69.7%) 990 (71.7%) 0.04

Diabetes

  Yes 46(3.3%) 298(4.6%) 0.07 46(3.3%) 51 ( 3.7%) 0.02

  No 1337(96.7) 6126 (95.4) 0.07 1335(96.7%) 1330(96.3%) 0.02

Heart diseases

  Yes 162(11.7%) 836(13.0%) 0.04 162(11.7%) 138(10.0%) 0.05

  No 1221(88.3%) 5588(87.0%) 0.04 1219(88.3%) 1243(90.0%) 0.05

Pension

  Yes 192(13.9%) 1381(21.5%) 0.20 192(13.9%) 187 (13.5%) 0.01

  No 1191(86.1%) 5043(78.5%) 0.20 1189(86.1%) 1194(86.5%) 0.01
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between these two groups after controlling for potential 
confounders. This finding may be related to the person-
ality of the individual older person. It has been reported 
that if older individuals’ living arrangements are consist-
ent with their preferred living arrangements, the out-
come is positive. For example, for older adults who like 
to be socially active and enjoy the recreational activities 
in nursing homes, living in a nursing home is associated 
with the likelihood of increased life satisfaction [33]. We, 

therefore, speculate that for older adults who are attached 
to their families and enjoy family life, living with families 
is beneficial. In addition, in both our study and a longitu-
dinal study by Feng et al., living alone was associated with 
a lower risk of death compared with living in an institu-
tion [34]. In view of these results, we have the following 
thoughts. The findings may reflect the infancy of China’s 
pension institutions industry, as the senior care service 
system is not robust, and the quality of nursing home 

Table 2  Baseline characteristics of older adults living alone vs. living in nursing homes before and after propensity-score matching

Before matching After matching

Living alone Living in nursing 
homes

Standardized Mean 
Difference

Living alone Living in nursing 
homes

Standardized 
Mean Difference

No. of participants 1383 156 141 141

Age, mean (SD), y 84.9 ± 9.9 90.9 ± 9.9 0.61 89.05 ± 9.6 89.79 ± 9.6 0.07

Sex

  Male 549(39.7%) 71(45.5%) 0.12 72(51.1%) 66(46.8%) 0.09

  Female 834(60.3%) 85(54.5%) 0.12 69(48.9%) 75(53.2%) 0.09

Residence

  Urban 584(42.2%) 113(72.4%) 0.64 99(70.2%) 98(69.5%) 0.02

  Rural 799(57.8%) 43(27.6%) 0.64 42(29.8%) 43(30.5%) 0.02

Education

  Some schooling 497(35.9%) 63(40.4%) 0.09 52(36.9%) 57(40.4%) 0.07

  No schooling 886(64.1%) 93(59.6%) 0.09 89(63.1%) 84(59.6%) 0.07

Smoking

  Yes 221(16.0%) 23(14.7%) 0.04 22(15.6%) 21(14.9%) 0.02

  No 1162 (84.0%) 133(85.3%) 0.04 119(84.4%) 120(85.1%) 0.02

Drinking

  Yes 220(15.9%) 17(10.9%) 0.15 13(9.2%) 17(12.1%) 0.09

  No 1163(84.1%) 139(89.1%) 0.15 128(90.8%) 124(87.9%) 0.09

Exercise

  Yes 466(33.7%) 63(40.4%) 0.14 54(38.3%) 57(40.4%) 0.04

  No 917(66.3%) 93(59.6%) 0.14 87(61.7%) 84(59.6%) 0.04

Self-rated health

  Bad 248(17.9%) 35(22.4%) 0.07 33(23.4%) 30(21.3%) 0.05

  Fair 542(39.2%) 54(34.6%) 0.16 51(36.2%) 48(34.0%) 0.05

  Good 593(42.9%) 67(42.9%) 0.11 57(40.4%) 63(44.7%) 0.09

Hypertension

  Yes 421(30.4%) 58(37.2%) 0.14 53(37.6%) 51(36.2%) 0.03

  No 962(69.6%) 98(62.8%) 0.14 88(62.4%) 90(63.8%) 0.03

Diabetes

  Yes 46(3.3) 4(2.6) 0.05 3(2.1%) 4(2.8%) 0.05

  No 1337(96.7) 152(97.4) 0.05 138(97.9%) 137(97.2%) 0.05

Heart diseases

  Yes 162(11.7%) 25(16.0%) 0.12 21(14.9%) 22(15.6%) 0.02

  No 1221(88.3%) 131(84.0%) 0.12 120(85.1%) 119(84.4%) 0.02

Pension

  Yes 192(13.9%) 51(32.7%) 0.46 41(29.1%) 43(30.5%) 0.03

  No 1191(86.1) 105(67.3) 0.46 100(70.9%) 98(69.5%) 0.03
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services varies. In the future, with the gradual increase of 
empty nest families and China’s aging population, nurs-
ing homes are expected to become a better choice for 
older people, as the quality and standards related to this 
innovative pension care service model grow.

It is worth mentioning that both our study and that 
of Ng et al. found that older people living alone had no 
more chronic disease incidence or physical function 

disability than their peers [35]. Wang et al. showed that 
older adults living with families were more vulnerable 
to becoming disabled than those living alone [36]. We 
speculate that living with family members may increase 
dependency compared with living alone, which could 
accelerate age-related loss of physical ability and thus 
increases the risk of illness and death, which is consist-
ent with the conclusions of Li et  al. [30]. By contrast, 

Table 3  Baseline characteristics of older adults living in nursing homes vs. living with families before and after propensity-score 
matching

Before matching After matching

Living in 
nursing homes

Living with families Standardized 
Mean Difference

Living in 
nursing homes

Living with families Standardized 
Mean Difference

No. of participants 156 6424 152 152

Age, mean (SD), y 90.9 ± 9.9 84.9 ± 11.2 0.56 90.6 ± 9.8 90.5 ± 10.7 0.01

Sex

  Male 71(45.5%) 3069(47.8%) 0.03 70(46.1%) 75(49.3%) 0.07

  Female 85(54.5%) 3355(52.2%) 0.03 82(53.9%) 77(50.7%) 0.07

Residence

  Urban 113(72.4%) 3125(48.6%) 0.50 109(71.7%) 108(71.1%) 0.02

  Rural 43(27.6%) 3299(51.4%) 0.50 43(28.3%) 44(28.9%) 0.02

Education

  Some schooling 63(40.4%) 2928(45.6%) 0.11 61(40.1%) 66(43.4%) 0.07

  No schooling 93(59.6%) 3496(54.4%) 0.11 91(59.9%) 86(56.6%) 0.07

Smoking

  Yes 23(14.7%) 1245(19.4%) 0.12 23(15.1%) 20(13.2%) 0.06

  No 133(85.3%) 5179 (80.6%) 0.12 129(84.9%) 132(86.8%) 0.06

Drinking

  Yes 17(10.9%) 1158(18.0%) 0.20 17(11.2%) 13(8.6%) 0.09

  No 139(89.1%) 5266 (82.0) 0.20 135(88.8%) 139(91.4%) 0.09

Exercise

  Yes 63(40.4%) 2319(36.1%) 0.09 60(39.5%) 56(36.8%) 0.05

  No 93(59.6%) 4105 (63.9) 0.09 92(60.5%) 96(63.2%) 0.05

Self-rated health

  Bad 35(22.4%) 1080(16.8%) 0.14 33(21.7%) 27(17.8%) 0.10

  Fair 54(34.6%) 2393(37.3%) 0.06 53(34.9%) 58(38.2%) 0.07

  Good 67(42.9%) 2951(45.9%) 0.06 66(43.3%) 67(44.1%) 0.02

Hypertension

  Yes 58(37.2%) 1863(29.0%) 0.17 55(36.2%) 65(42.8%) 0.14

  No 98(62.8%) 4561 (71.0) 0.17 97(63.8%) 87(57.2%) 0.14

Diabetes

  Yes 4(2.6) 298(4.6%) 0.11 4(2.6%) 4(2.6%) 0.00

  No 152(97.4) 6126 (95.4) 0.11 148(97.4%) 148(97.4%) 0.00

Heart diseases

  Yes 25(16.0%) 836(13.0%) 0.09 24(15.8%) 23(15.1%) 0.02

  No 131(84.0%) 5588(87.0%) 0.09 128(84.2%) 129(84.9%) 0.02

Pension

  Yes 51(32.7%) 1381(21.5%) 0.25 49(32.2%) 43(28.3%) 0.09

  No 105(67.3) 5043 (78.5%) 0.25 103(67.8%) 109(71.7%) 0.09
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people living alone are more likely to be self-reliant and 
undertake some necessary physical exercise. Addition-
ally, living alone is significantly positively correlated with 

mortality in men, but not in women [25, 37]. However, 
the present study showed that the relationship between 
living arrangements and mortality risk did not interact 

Fig. 1  Kaplan–meier cumulative incidence plots for living alone vs. living with families in the matched cohort

Fig. 2  Kaplan–meier cumulative incidence plots for living alone vs. living in nursing homes in the matched cohort
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with sex. This discrepancy between studies could result 
from different types of study design or confounding fac-
tors. No consensus has yet been reached.

There were several limitations to this study. First, living 
arrangements were obtained from baseline; therefore, we 
did not take into account changes in living arrangements 

Fig. 3  Kaplan–meier cumulative incidence plots for living in nursing homes vs. living with families in the matched cohort

Fig. 4  Kaplan–meier cumulative incidence plots for living alone vs. living with families in the unmatched cohort
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over time. Second, we were unable to obtain information 
on the specific causes of death in older adults and only 
explored all-cause mortality. Third, although we matched 

a number of variables using propensity score matching, 
variables not included might have affected the relation-
ship between living arrangements and mortality risk.

Fig. 5  Kaplan–meier cumulative incidence plots for living alone vs. living in nursing homes in the unmatched cohort

Fig. 6  Kaplan–meier cumulative incidence plots for living in nursing homes vs. living with families in the unmatched cohort
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Fig. 7  Subgroup-specific associations of living alone vs. living with families with all-cause mortality

Fig. 8  Subgroup-specific associations of living alone vs. living in nursing homes with all-cause mortality
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The major advantage of our study was to divide the 
living arrangements into three categories for pairwise 
comparison. Compared with the general classification of 
living alone or not, our design was closer to the actual liv-
ing arrangements of Chinese older adults. Thus, we could 
explore the similarities and differences between various 
living arrangements. Another strength was the use of 
propensity score matching to control for potential con-
founders. This study suggests that the perception of older 
adults who live alone as being a vulnerable risk group 
could be incorrect. We should fully respect the prefer-
ences of older people regarding their living arrange-
ments. Education is necessary to eliminate the fear of 
older individuals that their choice of living arrangements 
may directly affect their risk of death. It is important for 
society as a whole and its health care system to promote 
awareness of the real needs of the new era of aging and 
health in old age, and to strive to create a positive atmos-
phere in which multiple approaches to aging can be 
adopted.

Conclusion
The current study used propensity score matching to 
reveal that older adults living alone may have a lower risk 
of all-cause mortality than those living with families or in 
nursing homes. There was an insignificant difference in 
all-cause mortality between older adults living in nursing 
homes and those living with families. The study findings 
provide a new explanation for the relationship between 
living arrangements and all-cause mortality, which can 
inform the development of the pension service system.

Abbreviations
CLHLS	� Chinese longitudinal healthy longevity survey
HRs	� Hazard ratios
CI	� Confidence intervals

Acknowledgements
We wish to thank the Chinese Longitudinal Healthy Longevity Survey for 
providing real and reliable data for academic research.

Authors’ contributions
LN P conceptualized and designed the study, performed the statistical analysis 
and drafted the manuscript. JN Z conducted several of the analyses, drafted 
the manuscript and critically reviewed and revised the manuscript. XX H 
performed dataset cleaning, variable derivation. DG P performed dataset 
cleaning, variable derivation. HH W contributed to the study conception 
and design, provided oversight of the analysis. XZ contributed to the study 
conception and design. XS reviewed the manuscript. XJ L contributed to the 
study conception. SL H contributed to study design, critically reviewed and 
revised the manuscript. JP L conceptualized and designed the study, critically 
reviewed and revised the manuscript. All of the authors read and approved 
the final manuscript.

Funding
This work was supported by the Key R&D Program of Ningxia Autonomous 
Region (2022BEG03106). The funders had no role in study design, data collec-
tion and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
Publicly available datasets were analyzed in this study. This data can be found 
at: https://​opend​ata.​pku.​edu.​cn.

Declarations

Ethics approval and consent to participate
This study involves human participants using the Chinese Longitudinal 
Healthy Longevity Survey data, and the ethical approval is waived by an IRB 
(IRB00001052–13074) to the CLHLS study that was approved by the research 
ethics committees of Duke University and Peking University. Participants gave 
informed consent to participate in the study before taking part.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 May 2023   Accepted: 12 September 2023

References
	1.	 Gu D, Dupre ME, Liu G. Characteristics of the institutionalized and 

community-residing oldest-old in China. Soc Sci Med. 2007;64:871–83.
	2.	 Zimmer Z. Health and living arrangement transitions among China’s 

oldest-old. Res Aging. 2005;27:526–55.
	3.	 Lu JH, Liu Q. On progress, innovation and prospect of China’s aging 

research in the past 40 years of reform and opening-up. J CPC Fujian 
Provincial Party School. 2018;465:76–85.

	4.	 Gierveld J, Dykstra PA, Schenk N. Living arrangements, intergenerational 
support types and older adult loneliness in Eastern and Western Europe. 
Demogr Res. 2012;27:167–200.

	5.	 Zeng Y, Wang Z. Dynamics of family households and elderly liv-
ing arrangements in China, 1990–2010. China Popul Dev Stud. 
2018;2:129–57.

	6.	 Market status and development trend analysis of China’s nursing home 
industry in 2021.Forward Industry Research Institute.

	7.	 Zhao Y, Guyatt G, Gao Y, et al. Living alone and all-cause mortality in 
community-dwelling adults: A systematic review and meta-analysis. 
Eclinicalmedicine. 2022;54:101677.

	8.	 Lund R, Due P, Modvig J, et al. Cohabitation and marital status as 
predictors of mortality—an eight year follow-up study. Soc Sci Med. 
2002;55:673–9.

Table 4  Sensitivity analyses

a unmatched cohort: covariates including age, sex, residence, education, 
smoking, drinking, exercise, self-rated health, pension, hypertension, heart 
disease, and diabetes; matched cohort: covariates including age, sex, residence, 
education, smoking, drinking, exercise, self-rated health, pension, hypertension, 
heart disease, diabetes, cognitive function, ADL, BMI, cancer, bronchitis, 
emphysema, asthma, and pneumonia

Group Approachesa Hazard ratio (95% CI)

Living alone VS Liv-
ing with families

unmatched cohort 0.84(0.76–0.91)

matched cohort 0.99(0.85–1.15)

3-month died 0.86(0.76–0.96)

Living alone VS 
Living in nursing 
homes

unmatched cohort 0.52(0.42–0.65)

matched cohort 0.55(0.34–0.88)

3-month died 0.62(0.44–0.86)

https://opendata.pku.edu.cn


Page 12 of 12Pu et al. BMC Public Health         (2023) 23:1821 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	9.	 Koskinen S, Joutsenniemi K, Martelin T, et al. Mortality differences accord-
ing to living arrangements. Int J Epidemiol. 2007;36:1255–64.

	10.	 Crockett AJ, Cranston JM, Moss JR, et al. The impact of anxiety, depression 
and living alone in chronic obstructive pulmonary disease. Qual Life Res. 
2002;11:309–16.

	11.	 Herttua K, Martikainen P, Vahtera J, et al. Living alone and alcohol-related 
mortality: a population-based cohort study from Finland. PLoS Med. 
2011;8:e1001094.

	12.	 Schmaltz HN, Southern D, Ghali WA, et al. Living alone, patient sex 
and mortality after acute myocardial infarction. J Gen Intern Med. 
2007;22:572–8.

	13.	 Case RB, Moss AJ, Case N, et al. Living alone after myocardial infarction: 
impact on prognosis. JAMA. 1992;267:515–9.

	14.	 Herm A, Poulain M, Anson J. Living arrangement, health status and 
mortality risk. The XXVII International Union for the Scientific Study of 
Population Conference 2013.

	15.	 Murata C, Takaaki K, Hori Y, et al. Effects of social relationships on mortality 
among the elderly in a Japanese rural area: An 88-month follow-up study. 
J Epidemiol. 2005;15:78–84.

	16.	 Rozzini R, Trabucchi M. Health status in elderly persons living alone. JAMA 
Intern Med. 2013;173:323–4.

	17.	 Covinsky KE. The differential diagnosis of living alone: Comment on “living 
alone and risk of mortality in older, community-dwelling adults.” JAMA 
Intern Med. 2013;173:321.

	18.	 Holt-Lunstad J, Smith TB, Layton JB. Social relationships and mortality risk: 
a meta-analytic review. PLoS Med. 2010;7:e1000316.

	19.	 Zeng Y, Feng Q, Hesketh T, et al. Survival, disabilities in activities of daily 
living, and physical and cognitive functioning among the oldest-old in 
China: a cohort study. Lancet. 2017;389:1619–29.

	20.	 Zeng Y. Introduction to the Chinese Longitudinal Healthy Longevity 
Survey (CLHLS). Demogr Methods Popul Anal. 2008;20:23–38.

	21.	 Lv YB, Gao X, Yin ZX, et al. Revisiting the association of blood pressure 
with mortality in oldest old people in China: community based, longitu-
dinal prospective study. BMJ. 2018;361:k2158.

	22.	 Austin PC. Balance diagnostics for comparing the distribution of baseline 
covariates between treatment groups in propensity-score matched 
samples. Stat Med. 2009;28:3083–107.

	23.	 Gu D, Feng Q, Yeung WJJ. Reciprocal dynamics of solo-living and health 
among older adults in contemporary China. J Gerontol B Psychol Sci Soc 
Sci. 2019;74:1441–52.

	24.	 Feng Z, Jones K, Wang WW. An exploratory discrete-time multilevel 
analysis of the effect of social support on the survival of elderly people in 
China. Soc Sci Med. 2015;130:181–9.

	25.	 Kandler U, Meisinger C, Baumert J, et al. Living alone is a risk factor for 
mortality in men but not women from the general population: a pro-
spective cohort study. BMC Public Health. 2007;7:1–8.

	26.	 Jensen MT, Marott JL, Holtermann A, et al. Living alone is associated 
with all-cause and cardiovascular mortality: 32 years of follow-up in 
the Copenhagen Male Study. Eur Heart J Qual Care Clin Outcomes. 
2019;5:208–17.

	27.	 Abell JG, Steptoe A. Why is living alone in older age related to increased 
mortality risk? A longitudinal cohort study Age Ageing. 2021;50:2019–24.

	28.	 Zhang HH, Zhou P. Do living arrangements affect mortality of the 
elderly?-A longitudinal analysis for widowed elderly in China. Lanzhou 
Acad J. 2022;347:149–60.

	29.	 Poulain M, Dal L, Herm A. Mortality risk by living arrangements for the 
elderly Belgian population. Quetelet J. 2016;4:29–56.

	30.	 Li LW, Zhang J, Liang J. Health among the oldest-old in China: which liv-
ing arrangements make a difference? Soc Sci Med. 2009;68:220–7.

	31.	 Herm, A. Mortality and living arrangement: living alone, with family or in 
institution. Population Association of America 2012 Annual Meeting.

	32.	 Gu D, Liu Y. A comparative study on health status and mortality risk 
of institutional and home-based elderly care in China. Popul Res. 
2006;5:49–56.

	33.	 Guan J, Li H, Sun H, et al. The impact of a discrepancy between actual and 
preferred living arrangements on life satisfaction among the elderly in 
China. Clinics. 2015;70:623–7.

	34.	 Feng Z, Falkingham J, Liu X, et al. Changes in living arrangements and 
mortality among older people in China. SSM Popul Health. 2016;3:9–19.

	35.	 Ng TP, Jin A, Feng L, et al. Mortality of older persons living alone: Singa-
pore Longitudinal Ageing Studies. BMC Geriatr. 2015;15:126.

	36.	 Wang H, Chen K, Pan Y, et al. Associations and impact factors between liv-
ing arrangements and functional disability among older Chinese adults. 
PLoS ONE. 2013;8:e53879.

	37.	 Staehelin K, Schindler C, Spoerri A, et al. Marital status, living arrangement 
and mortality: does the association vary by gender? J Epidemiol Com-
munity Health. 2012;66:e22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association of living arrangements with all-cause mortality among older adults: a propensity score–matched cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources and study cohort
	Variables
	Study outcome
	Statistical analysis

	Results
	Study population and baseline characteristics
	Association of living arrangements and mortality
	Subgroup and sensitivity analyses

	Discussion
	Conclusion
	Acknowledgements
	References


