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Abstract

Background Although studies have shown that depressive symptoms are associated with an increased risk of hip
fracture (HF). Depressive symptoms are dynamic, and it is unclear whether HF risk persists if depressive symptoms
remit. This study aims to examine the associations between changes in depressive symptoms and HF risk.

Methods Data were from the China Health and Retirement Longitudinal Study from 2011 to 2018. Depressive
symptoms were measured using the 10-item version of the Center for Epidemiological Studied Depression scale
(cutoff > 10). Changes in depressive symptoms were classified into four groups by two successive surveys (stable low/
no, recent-onset, recently remitted, and stable high depressive symptoms). Multivariable logistic regressions were
performed to assess whether changes in depressive symptoms were associated with HF incidents reported through
2018, adjusting for age, sex, educational level, marital status and other potential confounding factors.

Results In total, 8574 participants were included, 265 (3.1%) of whom had reported HF incidents in the subsequent
5-year period. Participants with recent-onset (OR=1.97, 95% Cl=1.40-2.77) or stable high (OR=2.15, 95% Cl=1.53—
3.02) symptoms had a higher risk of HF than those with stable low/no depressive symptoms, whereas those with
improved depressive symptoms (OR=1.27,95% Cl=0.89-1.82) had no elevation in HF risk.

Conclusion Stable high and recent-onset depressive symptoms were associated with increased HF risk, and no

elevated HF risk was observed if symptoms remitted, suggesting that strategies to reduce depressive symptoms may
be beneficial for HF prevention.
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Introduction

Hip fracture (HF) is a major public health issue both
worldwide and in China and is associated with an
increased mortality rate, high disability rate and consid-
erable medical expenditure[l, 2]. It was reported that
20-30% of patients would die in the first year after an
HF event[3, 4], 50% of those who survived would lose
functional independence, and approximately 30% would
eventually become fully dependent[5]. Moreover, approx-
imately 4.5 million people are disabled from HF each
year, and the number is expected to increase to 21 mil-
lion in the next four decades[6]. In addition, available
data suggest that HF is associated with high medical costs
through several aspects, including hospitalization, reha-
bilitation, nursing home placement and other costs[7].
With the aging of the global population, the absolute
number of HFs in the world is predicted to increase from
1.26 million in 1990 to 4.5 million by 2050, more than
50% of which will occur in Asia, particularly in China[8—
10]. China houses nearly one-fifth of the world’s popu-
lation and is experiencing rapid population aging, with
164.5 million citizens aged 65 and above in 2019, and
the number is expected to be 365 million by 2050[11]. A
national study in China showed that between 2012 and
2016, the total absolute number of HFs among adults
aged 55 years and older increased approximately 4-fold,
and the related medical costs for hospitalization also rose
steeply from US$60 million to US$380 million[12]. The
HF-associated burden is expected to become an impor-
tant challenge for the Chinese health system.

Depression is a common mental disorder that affects
almost 3500 million people worldwide[13]. It is also com-
mon in China, with a prevalence of approximately 6.9%
among Chinese adults[14], and approximately 30% of
men and 40% of women aged 45 and older experience
depressive symptoms[15]. Depression may increase the
risk of HF through several pathways, such as decreased
bone mineral density (BMD), altered bone formation
and/or bone resorption, and increased risk of falls[16—
18]. A recent meta-analysis of eight studies reported that
depression is associated with a higher bone loss rate[16].
Falls are the major risk factor of HF, and contribute to
over 95% of HF in older adults[19, 20]. And studies have
shown that depression is related to higher risk of falls[17,
18], which is another potential mechanism between
depression and HF.

In our previous study, we found a positive relationship
between baseline depressive symptoms and HF risk in
the Chinese population[21], which is in line with other
studies[22-24]. However, these studies only assessed
baseline depressive symptoms and failed to take into
consideration that depression is a time-varying condi-
tion, the symptoms of which may relapse or remit. Most
people with depression remain underdiagnosed and
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untreated and may suffer from fluctuating depressive
symptoms|[25]. Therefore, the examination of depressive
symptoms as dynamic variables may provide precise esti-
mates of the relationship between depressive symptoms
and HF. However, to the best of our knowledge, no study
has assessed the association between changes in depres-
sive symptoms and the risk of HF. Thus, based on our
previous study, the purposes of the current study were to
further assess the association between changes in depres-
sive symptoms and HF in middle-aged and older Chinese
populations. These results may provide insights into the
relationship between depressive symptoms and HF and a
better understanding of whether the remission of depres-
sive symptoms could lower the risk of HF. We hypoth-
esized that both recent-onset and stable high depressive
symptoms would be statistically related to HF risk, while
remitted depressive symptoms would be nonsignificantly
associated with HE.

Methods

The current study followed the STrengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Study population

The data were derived from the China Health and Retire-
ment Longitudinal Study (CHARLS), a nationally repre-
sentative study of individuals aged 45 and older living in
mainland China. Patterned after the Health and Retire-
ment Study (HRS) in the USA and the English Longi-
tudinal Study of Ageing (ELSA), the CHARLS began in
2011-2012 (wave 1), and investigations were repeated
every two years across 150 counties/cities and 28 prov-
inces. Face-to-face computer-assisted personal inter-
views (CAPIs) were conducted in the participants’ homes
by qualified interviewers. To ensure representativeness,
a multilevel stratified sampling approach and prob-
ability proportional to size (PPS) sampling method were
adopted. A detailed description of this project is pro-
vided elsewhere[26].

A total of 17,708 participants were surveyed in wave 1,
with wave 2 in 2013, wave 3 in 2015 and wave 4 in 2018.
We excluded participants for the following reasons: a
history of HF, missing data on HEF, primary exposure,
and other covariates. The selection process of the study
participants is shown in Fig. 1. In total, 8574 individuals
were included. The comparison of the baseline demo-
graphic characteristics between all participants and those
included in our analyses is summarized in Supplemen-
tary Table S1.

Depressive symptoms
Depressive symptoms were assessed using the 10-item
version of the Center for Epidemiological Studied
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Fig. 1 The selection process of study participants (\W1: wave 1, the
baseline survey of the China Health and Retirement Longitudinal Study
(CHARLS) conducted in 2011; BMI: body mass index; HF: hip fracture; W2:
wave 2, the first follow-up wave of the CHARLS conducted in 2013

Depression scale (CESD-10), a widely used tool for the
measurement of depressive symptoms in large-scale epi-
demiological studies[15]. The CESD-10 consists of 10
items (eight negative items and two positive items). Each
item was scored as 0, 1, 2, or 3, and items 5 and 8 were
reverse scored. The CESD-10 total score was calculated
by summing scores across all items, ranging from 0 to 30.
For each wave, a total score of 10 and above was catego-
rized as elevated depressive symptoms. Previous studies
have reported that the CESD-10 has excellent reliability
and validity for older Chinese adults[15, 27].

Changes in depressive symptoms were defined based
on wave 1 and wave 2, and participants were classified
into four groups: (1) stable low/no: individuals without
elevated depressive symptoms either at wave 1 or wave
2; (2) recent onset: individuals with new-onset depres-
sive symptoms in wave 2, but no symptoms in wave 1; (3)
recently remitted: individuals with depressive symptoms
in wave 1 but not in wave 2; and (4) stable high: individu-
als with elevated depressive symptoms in both wave 1
and wave 2[28, 29].

Hip fracture
The HF incidents were measured with the following
two questions: “Have you ever fractured your hip?” and
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“Have you fractured your hip since the last interview?”.
The definition of “hip bone” was also explained to each
interviewee in plain words. The answer was classified as
“yes” or “no”. A previous study reported good validity of
self-reported HF compared with the fractures registered
in the hospital register system[30].

Covariates

The selection of covariates was based on previous stud-
ies and the availability in the CHARLS[24]. Information
on baseline covariates was collected with a standardized
questionnaire. Demographic characteristics included
age, sex, education (below high school, high school and
above), marital status (married, other [separated, wid-
owed, divorced, never married, other]), and place of resi-
dence (rural, urban). Lifestyle-related factors included
smoking status (never, current smoker, former smoker),
drinking frequency (never, rarely, often). Sleep charac-
teristics were associated with depression and HF[31, 32],
and is a potential confounding factor. Therefore, sleep
duration at night (<7 h, 27 h) was also controlled. Other
health-related factors included overweight or obesity
(body mass index [BMI]>24.0 kg/m?), a history of falls,
and physical comorbidities. Chronic physical diseases
included hypertension, diabetes, heart problems, chronic
lung diseases, liver diseases, cancers, stroke, kidney dis-
eases, stomach or other digestive diseases, arthritis or
rheumatism. Physical comorbidities were classified as
0-2 and =3 based on the number of chronic diseases.

Statistical analysis

Descriptive statistics were used to report sample char-
acteristics at baseline according to depressive symptom
status, with analyses of variance used for comparisons
between groups for continuous variables and chi-square
tests used for categorical variables. To estimate the asso-
ciation between changes in depressive symptoms and
HF incidents, three multivariable logistic regression
models were fitted, with stable low/no depressive symp-
toms as the reference group. Model 1 was unadjusted to
calculate the crude odds ratio (OR) of HF risk. Model
2 was adjusted for baseline demographic characteris-
tics (including age, sex, education, marital status, and
residence). Model 3 was further adjusted for smoking,
drinking, sleep duration, a history of falls, overweight/
obesity, and physical comorbidities.[22] Stratification
analyses by baseline age (<60, = 60), sex, and residence
were conducted to examine the associations in different
subgroups. To explore the relationship between changes
of CESD-10 score and HF risk, similar series of analysis
were carried out. Interaction analyses were further per-
formed through the addition of interactive terms into
the multivariable models. To determine whether depres-
sive symptoms were associated with missingness for any
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Table 1 Baseline characteristics of the China Health and Retirement Longitudinal Study (CHARLS) by depressive symptom status

Characteristics Total n=8574 Depressive symptom status P value
stablelow  recentonset recentremittedn=1713  stable highn=1362
n=4218 n=1281
Age, mean(SD), y 58.2(9.1) 57.6(9.0) 8.109.1) 59.1(9.1) 58.9(9.1) <0.001
Female, n (%) 4450(51.9) 1924(45.6) 640(5 0) 1005(58.7) 881(64.7) <0.001
Rural residence, n (%) 5521(64.4) 2478(58.7) 854(66.7) 1180(68.9) 1009(74.1) <0.001
High school and above, n (%) 1086(12.7) 699(16.6) 70(13.3) 129(7.5) 88(6.5) <0.001
Married, n(%) 7650(89.2) 3912(92.7) 48(89.6) 1430(83.5) 1160(85.2) <0.001
Smoking status, n (%) <0.001
Never 5205(60.7) 2442(57.9) 751(58.6) 1092(63.7) 920(67.5)
Current smoker 2612(30.5) 1376(32.6) 412(32.2) 481(28.1) 343(25.2)
Former smoker 757(8.8) 400(9.5) 118(9.2) 140(8.2) 99(7.3)
Drinking frequency, n (%) <0.001
Never 5242(61.1) 2461(58.3) 781(61.0) 1086(63.4) 914(67.1)
Rarely 687(8.1) 318(7.5) 116(9.1) 137(8.0) 116(8.5)
Often 2645(30.8) 1439(34.2) 384(30.1) 490(28.6) 332(244)
Overweight/obesity, n (%) 3338(38.9) 1729(41.0) 519(40.5) 614(35.8) 476(34.9) <0.001
Sleep duration, n (%), h <0.001
<7 4248(49.5) 1751(41.5) 574(44.8) 1052(61.4) 871(64.0)
>7 4326(50.5) 2467(58.5) 707(55.2) 661(38.6) 491(36.0)
History of falls, n (%) 1281(14.9) 442(10.5) 159(12.4) 368(21.5) 312(22.9) <0.001
Comorbidities, n (%) <0.001
0-2 6415(74.8) 3391(80.4) 1006(78.5) 1164(68.0) 854(62.7)
>3 2159(25.2) 827(19.6) 275(21.5) 549(32.0) 508(37.3)
HF, n (%) 265(3.1) 92(2.2) 55(4.3) 51(3.0) 67(4.9) <0.001

SD: standard deviation; HF: hip fracture. Chi-square tests were used for categorical variables, and analyses of variance were used for continuous variables.

reason, supplementary multivariable logistic regression
analyses were performed, adjusting for age and sex and
using changes in depressive symptoms as explanatory
variables, with missing incident HF data (yes/no) as the
response variable. Finally, to test the robustness of our
study, three sensitivity analyses were carried out: (1) the
association between changes in depressive symptoms and
HF incidents in the subsequent follow-up wave (wave 3);
(2) excluding participants reporting the current intake of
antidepressants, and (3) a more stringent cutoff (CESD-
102>12)[33], and repeating the analyses. All analyses were
conducted using Statistical Package for the Social Sci-
ences (SPSS), version 26.0. A two-sided p value <0.05 was
regarded as statistically significant.

Results

A total of 8574 individuals were included in the analy-
sis of changes in depressive symptoms and HF risk. The
mean age was 58.2 years, and 51.9% were women. A
total of 3075 (35.9%) participants had elevated depres-
sive symptoms in wave 1, and compared to individuals
with low depressive symptoms at baseline, those who
had elevated depressive symptoms were more likely to
be older, females, and have more physical comorbidities
(Supplementary Table S2). There were 2637 (30.8%) par-
ticipants who had a depressive symptoms rating score of
10 or greater in wave 2, indicating elevated depressive

symptoms. Among all participants, 4218 (49.2%) reported
low/no depressive symptoms in both wave 1 and wave 2,
1281 (14.9%) reported a recent onset of depressive symp-
toms, 1713 (20.0%) reported a remission of depressive
symptoms and 1362 (15.9%) reported stable high depres-
sive symptoms. The baseline characteristics of the study
population across changes in depressive symptom groups
are provided in Table 1. In comparison with participants
with stable low depressive symptoms, those with stable
high depressive symptoms were more likely to be female,
less educated, unmarried, to live in rural areas, and less
likely to be current smokers, to drink frequently and to
have more physical comorbidities.

Among individuals with no history of HF before wave
2, 265 (3.1%) reported HF incidents during the following
5-year period. In multivariable analysis (Table 2), com-
pared with those with stable low/no depressive symp-
toms, participants with stable high depressive symptoms
had a significantly elevated risk of HF (OR=2.15, 95%
CI, 1.53-3.02) after full adjustment for age, sex, educa-
tion, marital status, residence, smoking, drinking, his-
tory of falls, sleep duration, overweight/obesity, and
physical comorbidities. A recent onset of depressive
symptoms was also related to an increased risk of HF
(OR=1.97, 95% CI, 1.40-2.77). No significant associa-
tions were detected among participants with remitted
depressive symptoms (OR=1.27, 95% CI, 0.89-1.82).
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Table 2 Associations between changes in depressive symptoms and incident hip fracture in multivariable logistic regression analyses

Depressive symptom status Model 1 Model 2 Model 3

OR(95% Cl) P value OR(95% Cl) P value OR(95% Cl) P value
Stable low Ref Ref Ref
Recent onset 2.01(1.43,2.83) <0.001 92(1.37,2.71) <0.001 1.97(1.40,2.77) <0.001
Recent remitted 1.38(0.97,1.95) 0.071 25(0.88,1.77) 0.223 1.27(0.89,1.82) 0.190
Stable high 2.32(1.68,3.20) <0.001 2. 09(1 .52,291) <0.001 2.15(1.53,3.02) <0.001
Changes of CESD-10 score 1.02(1.00,1.03) 0.068 02(1.00,1.04) 0.021 1.02(1.00,1.04) 0014

OR: odds ratio; Cl: confidence interval. Model 1 was unadjusted; Model 2 was adjusted for age, sex, residence, education and marital status;

Model 3 was further adjusted for history of falls, smoking status, drinking frequency, sleep duration, overweight/obesity, and physical comorbidities.

Table 3 Age- and sex-adjusted associations between
missingness at follow-up and depressive symptoms
Missingness at follow-up

OR(95% Cl) P value
Depressive symptoms status, n=1479
missing cases
Stable low Ref
Recent onset 1.09(0.93,1.28) 0.299
Recent remitted 0.97(0.84,1.13) 0.729
Stable high 0.95(0.81,1.12) 0.517

OR: odds ratio; Cl: confidence interval

A statistically significant association between changes
of CESD-10 score and HF risk was also detected in the
fully adjusted model (OR=1.02, 95% CI, 1.00-1.04). There
were no interactions between HF risk and age (p=0.38),
sex (p=0.58) or residence (p=0.87) in the fully adjusted
models (Supplementary Table S2).

Missingness analysis

In supplementary multivariable analyses (Table 3), after
adjusting for age and sex, categories of changes in depres-
sive symptoms were not associated with missingness at
follow-up (all p>0.05).

Sensitivity analysis

In sensitivity analyses (Table 4), the results remained
stable between changes in depressive symptoms and
the risk of HF in the subsequent follow-up wave, with
recent-onset (OR=1.97, 95% CI, 1.40-2.77) and stable
high (OR=2.15, 95% CI, 1.53-3.02) depressive symptom
groups having an increased risk of HF compared with the
stable low/no group. Similar results were derived when

we excluded participants who reported current use of
antidepressants, and an alternative CESD-10 cutoff was
adopted.

Discussion
In this nationally representative cohort study, we demon-
strated that longitudinal changes in depressive symptoms
were associated with HF risk. Specifically, participants
with stable high- and recent-onset depressive symptoms
over two consecutive biennial assessments had a 115%
and 97% increased risk of HF, respectively, in comparison
with those who had stable low/no symptoms. However,
those who reported remitted depressive symptoms had
nonsignificant differences in the risk of HE. There was no
evidence of interaction effects of age, sex, or residence.
To the best of our knowledge, this is the first study
to assess the relationship between changes in depres-
sive symptoms and HF risk. Previous prospective stud-
ies have shown that individuals with elevated depressive
symptoms at baseline experienced a higher risk of HF
than those with low/no depressive symptoms [34, 35].
Two recent meta-analyses have examined the impact
of depression or depressive symptoms on HF risk and
reported pooled hazard ratios of 1.21 (95% CI=1.11-
1.31) and 1.31 (95% CI=1.08-1.59), respectively, [22,
24]. In addition, an analysis of Taiwan’s National Health
Insurance Research Database also showed that patients
with depressive disorders had a 1.34-fold higher risk of
HF than their counterparts[36]. However, although pre-
vious studies have observed a significant relationship
between baseline depressive symptoms and HF risk,
none of them have explored the impact of changes in

Table 4 Sensitivity analysis for the association between changes in depressive symptoms and hip fracture

Sensitivity analysis 1

Sensitivity analysis 2 Sensitivity analysis 3

Depressive symptom status OR(95% Cl) P value
Stable low Ref

Recent onset 1.97(1.40,2.77) <0.001
Recent remitted 1.27(0.89,1.82) 0.190
Stable high 2.15(1.53.3.02) <0.001

OR(95% Cl) P value OR(95% Cl) P value
Ref Ref

1.96(1.39,2.76) <0.001 1.81(1.29,2.54) <0.001
1.25(0.87,1.80) 0.223 1.12(0.78,1.61) 0.534
2.15(1.52,3.02) <0.001 2.18(1.51,3.15) <0.001

OR: odds ratio; Cl: confidence interval. Models were adjusted for age, sex, education, marital status, residence, smoking, drinking, sleep duration, fall history,
overweight/obesity, and physical comorbidities. Sensitivity analysis 1: The association between changes in depressive symptoms and HF incidents in the subsequent
follow-up wave (wave 3); Sensitivity analysis 2: Excluding participants reporting current use of antidepressants, and repeating the analyses; Sensitivity analysis 3:an

alternative CESD-10 cutoff was used (CESD-102>12).
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depressive symptoms on HF. We were able to fill this gap
by categorizing depressive symptoms into four groups,
reflecting changes (e.g., recent-onset and recently remit-
ted symptoms) and stable aspects (e.g., stable low/no and
stable high symptoms) of depressive symptoms. Con-
sistent with our hypothesis, we found that recent-onset
and persistently high depressive symptoms were asso-
ciated with an elevated risk of HF in comparison with
stable low/no symptoms. Nevertheless, remitted depres-
sive symptoms were nonsignificantly associated with HE,
which suggested that the risk of HF may be reduced by
effective management of depressive symptoms. Given the
lack of large randomized controlled trials assessing the
impact of interventions for depressive symptoms on HF
risk, the evidence from large, high-quality cohort investi-
gations is still valuable for clinical practice.

The potential mechanism of how depression affects the
HEF risk has not been fully elucidated but may involve two
major aspects (decreased BMD and increased propen-
sity to fall). On the one hand, depression may contrib-
ute to decreased BMD through the following pathways.
First, it was reported that depression is associated with a
chronic low-grade inflammatory response, and depressed
patients have elevated levels of inflammatory cytokines
such as interleukin-2 and interleukin-6[37], which are
associated with decreased BMD[38]. Second, depression
may have an impact on the concentrations of vitamin
D[39], cortisol[40], and other hormones (e.g., estrogen,
growth hormone)[41] that affect bone formation and/or
bone resorption. Third, depression is related to unhealthy
behaviors such as poor diet, alcohol consumption, ciga-
rette smoking, physical inactivity, and poor adherence to
medical recommendations that may increase the risk of
osteoporosis[42—44], thus increasing the risk of HF. In
addition, previous findings showed that antidepressant
medications (e.g., selective serotonin reuptake inhibi-
tors [SSRIs] and tricyclic antidepressants [TCAs]) may
have a direct impact on bone metabolism and bone
strength[45]. However, the use of antidepressants might
be only a sign of severe depression, and interpretations of
the role of antidepressants should be made with caution.
Last, depression is associated with some major comor-
bidities, such as hypertension and diabetes[46, 47], which
are potential risk factors for HF[48, 49]. Nevertheless, we
controlled for these chronic physical diseases in our anal-
yses without any significant attenuation of associations.
On the other hand, for the second hypothesis, it was
reported that depressed patients have a higher risk of fall
accidents than their nondepressed counterparts[21, 50].
Depression may increase the risk of falls through several
mechanisms. First, depression is related to neuropatho-
logical lesions in certain areas of the brain, which may
affect individuals’ balance, gait, coordination, and judg-
ment, thus increasing the risk of falls[51, 52]. Moreover,
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depression is also associated with decreased cognitive
function and a decreased likelihood of taking necessary
safety precautions, which lead to a higher fall risk[53,
54]. In addition, previous studies reported that fear of
falling is associated with a higher risk of depression[55],
and individuals with a higher fear of falling score fell
more frequently[56—58], which may be another potential
pathway.

This study has several strengths. First, this is the first
study to assess the associations between changes in
depressive symptoms and HF risk. With a large sample
size and national representativeness, we can general-
ize the findings to general populations of this age. In
addition, supplementary multivariable regressions and
sensitivity analyses were also conducted to further com-
plement the main results. Second, by classifying depres-
sive symptoms into different categories, we were able
to explore the effects of changes in or stable aspects of
depressive symptoms on HF risk. Our findings that high-
and recent-onset depressive symptoms were associated
with more HF incidents than remitted symptoms pro-
vide a new direction for the prevention of HF. Further-
more, recent-onset and stable high depressive symptoms
were presented in 14.9% and 15.9% of participants in this
study, respectively. The corresponding population attrib-
utable risks for experiencing recent-onset and stable high
depressive symptoms were 12.6% and 19.3%, respectively.
These estimates may suggest that benefits of effective
management of depressive symptoms can be expected
in primary care. However, studies examining the effect
of interventions for depressive symptoms on HF risk are
scarce, and more studies are warranted on this topic.

Nevertheless, this study also has the following limi-
tations. First, HF incidents were self-reported or
proxy-reported and were impossible to confirm by
medical records since those data were unavailable in the
CHARLS. Although most large epidemiological surveys
rely on self-report questionnaires, misclassification bias
is inevitable. However, a previous study reported that
self-reported HF is relatively accurate, with a positive
predictive value of 94% when comparing self-reported
HF with fractures registered in a hospital register sys-
tem[30]. In addition, considering that HF is a serious
medical condition and that patients generally seek medi-
cal examinations and treatments from physicians for
HE, this limitation may not influence our conclusions.
Besides, depressive symptoms were assessed with the
CESD-10, a self-report tool, rather than being clinically
diagnosed, which may lead to underestimations of the
effects of these symptoms on HF risk. However, our anal-
yses still showed a positive association between depres-
sive symptoms and HF incidents, highlighting the need
for early intervention of depressive symptoms in primary
care among middle-aged and older Chinese individuals.
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In one sensitivity analysis, an alternative CESD-10 cutoff
score was used, and the repeated analysis showed robust-
ness. Second, the logistic regression method, rather than
survival analysis was selected for two important reasons.
on one hand, we were unable to create a time variable on
the basis of the month and year for HF since these data
were unavailable in the CHARLS. On the other hand,
it is arbitrary and of little clinical meaning to create a
time variable using the year of first reporting because
the participants were interviewed biennially. Third, as
we mentioned above, studies have shown that the use of
antidepressants, especially SSRIs, is a potential risk factor
for HE. However, information on specific antidepressant
medications was unavailable in the CHARLS, limiting us
to performing further analysis. However in one sensitiv-
ity analysis, we excluded those individuals who reported
the use of antidepressants, and the results of the repeated
analyses were stable. In addition, some confounders may
change over time, yet we only controlled for confound-
ing factors at baseline, which may cause residual bias.
However, in another sensitivity analysis, we examined
the associations between changes in depressive symp-
toms and HF incidents within a short time window,
which can reduce the effect of changes in confounders
on these associations, and similar results were observed.
Finally, we adjusted for a wide range of possible con-
founders underlying the associations between depres-
sive symptoms and HF, yet some important factors,
such as dietary and physical activity, were not included
because the dietary information was not collected in the
CHARLS, and there was a great deal of missing informa-
tion for physical activity (n=10,678, 60.7%). However,
previous studies suggested that higher physical activity is
not only associated with lower HF incidence[59], but also
related to less falling events[60]. And significant associa-
tions between dietary-related factors (e.g., dietary pat-
terns, dietary diversity) and low BMD and HF were also
reported[61, 62]. Therefore, residual confounding effects
may still be present in current study, future investigations
are needed to address this issue.

Conclusion

In conclusion, in this large-scale study, we found that
stable high and recent-onset depressive symptoms were
associated with increased HF risk, while recently remit-
ted depressive symptoms were not associated with ele-
vated HF risk, suggesting that the HF risk may decrease
if depressive symptoms remit. Our findings contribute
to the limited evidence on this association. Given the
rapid growth of the aging population and increasing
burden of HF, interventions and support to tackle men-
tal health (e.g., depression) are necessary in the preven-
tion of adverse health outcomes. Future investigations
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conducted in other populations are warranted to extrap-
olate this finding to a wider population.
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