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Association of improvement and worsening i
of depressive symptoms with arthritis

Ruxi Liu?, Yinuo Xin®, Yining Shao?, Bo Wu*" and Yan Liu'*"

Abstract

Purpose The longitudinal association between changes in depressive symptoms (improvement/worsening) and
arthritis is unclear.

Methods Study data were obtained from the China Health and Retirement Longitudinal Study (CHARLS) 2011-2018.
The 10-item Center for Epidemiological Studies Depression Scale (CES-D-10) was used to examine participant
depressive symptoms and data on self-reported history of arthritis were collected. Depressive symptoms improving
is defined as depression at baseline and no depression at follow-up. Similarly, depressive symptoms worsening is
defined as no depression at baseline and depression at follow-up. Cox proportional hazards models were used to
evaluate the effects of improvement or deterioration in depressive symptoms on arthritis. Participants with missing
data on depression and arthritis, having arthritis in 2011 CHARLS and lost to follow-up was excluded.

Results A total of 8556 participants free of arthritis were included from 2011 to 2018. After adjustment for
confounders, depressive symptoms were associated with a 54% increased risk of developing arthritis. Each 1-point
increase in CES-D-10 score was associated with a 4% higher risk of arthritis. Participants with depressive symptoms at
baseline but improved symptoms (without depressive symptoms) at follow-up had a 25% lower rate of arthritis, and
a 1-point reduction in CES-D-10 score during 8 years of follow-up was associated with a 5% lower risk of developing
arthritis. Participants with no depressive symptoms at baseline but depression at follow-up had a 66% higher rate of
arthritis, and a 1-point increase in CES-D-10 score during 8 years of follow-up was associated with a 5% higher risk of
arthritis.

Conclusions Improvement in depressive symptoms was associated with lower risk of arthritis and worsening
of depression was associated with higher risk of arthritis. These findings suggest that the relationship between
depression and arthritis is complex.
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Introduction

Arthritis is an acute or chronic disease that affects one or
more joints, and is a common cause of chronic pain and
disability worldwide [1]. Middle-aged and older people
are particularly affected by arthritis [2]. Research shows
that approximately 154.4 million (31.4%) middle-aged
and older people in China have arthritis [3], and approxi-
mately 55% of people living with arthritis worldwide are
older than 55 years [4]. Patients with arthritis report lim-
ited activity, frequent fatigue, and substantial dysfunction
[5, 6]. Because of rapid population aging in many coun-
tries, arthritis has become a major global health chal-
lenge and an increasing health burden for middle-aged
and older people [7].

According to the 2022 World Mental Health Report
by the World Health Organization, approximately one
in eight people worldwide have mental disorders [8], and
more than three-quarters of people with mental disor-
ders live in low- or middle-income countries (LMICs)
[9]. Mental disorders impair individual and family well-
being and have increasingly become an important health
problem in LMICs. Depression is one of the most com-
mon mental disorders. It affects approximately 7% of the
global older population and accounts for a substantial
proportion of the global burden of disease [10]. China
is still classed as an LMIC, and depression is a major
problem, especially for middle-aged and older people.
In a nationwide survey in China, approximately 30-43%
of people aged 45 years or older reported depressive
symptoms [11]. There is epidemiological evidence that
depressive symptoms in middle-aged and older people
are associated with poor quality of life and adverse health
outcomes, such as joint diseases, arthritis, and arthritis-
related complications [12-14].

Most of previous studies on the association between
depressive symptoms and arthritis have shown that
arthritis patients are at higher risk for depression [15—
18]. Some relatively recent studies have demonstrated
that depressive symptoms are a major risk factor for
arthritis [19-28]. MC Lu’s founding is the first evi-
dence-based cohort study applying a Taiwan nationwide
claims-based data to address the bidirectional relation-
ships between rheumatoid arthritis (RA) and depression
[20]. Then Ng C.Y.H,, et al. reviewed the bidirectional
association between RA and depression [19]. The latest
researches showed that a bidirectional causal relationship
of depressive symptoms with osteoarthritis (OA) and
found that depression increases the risk of knee osteo-
arthritis (KOA) [27, 28]. However, a community survey
involving 7,076 subjects found no relationship between
the occurrence of depression and the predisposition of
arthritis [29], and one Korean study showed that depres-
sion did not increase the risk of arthritis in adults [30].
Thus, previous study findings on the association between
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depressive symptoms and arthritis are controversial.
Race, study location, and study size are factors that may
have contributed to these inconsistent conclusions.
Therefore, further research is needed to elucidate the
association between depressive symptoms and arthritis.

Additionally, previous studies have showed depres-
sive symptoms might impact the incidence of arthritis,
rather than considering the effect of changes (i.e., aggra-
vation or improvement) in depressive symptoms over
time on the development of arthritis. Depressive symp-
toms are affected by many factors and vary with time
[31-35]. Exploring the changing of depressive symptoms
(from depressed status to non-depressed status or from
non-depressed status to depressed status) can expand
our understanding of the long-term effects of depressive
symptoms on arthritis. Hence, in this study, we aimed to
clarify the longitudinal association between changes in
depressive symptoms and incidence of arthritis in mid-
dle-aged and older participants of the China Health and
Retirement Longitudinal Study (CHARLS). We hypoth-
esized that worsening of depressive symptoms would be
associated with higher risk of arthritis, and that improve-
ment of depressive symptoms would be related to lower
risk of arthritis. These findings could help to increase the
understanding of depressive symptoms and inform strat-
egies to support people in managing their mental health
problems.

Methods

Study population

The CHARLS is a nationwide prospective follow-up
study of middle-aged and older participants from 450
villages or residential communities in 150 counties (dis-
tricts) in 28 provinces across China. From May 2011
to March 2012, the CHARLS baseline survey was per-
formed and more detailed information about CHARLS
can be found in previously study [36]. About every two
years on average, a follow-up survey was conducted. Four
waves of data from CHARLS were collected: (1) wave
1(2011), (2) wave 2 (2013), (3) wave 3 (2015) and (4) wave
4(2018).

The current study was based on the CHARLS that was
analyzed from 2011 to 2018. 17,708 participants were
surveyed in the wave 1 (baseline), and we excluded par-
ticipants who lacked data on depressive symptoms at
wave 1 (n=1670). We further excluded participants who
had arthritis and had missing data on arthritis at wave 1
(n=5431). Finally, participants who lost to follow-up in
the next wave 2 to wave 4 were also excluded (2=2051).
A total of 8556 participants were included in the cohort
analysis (Fig. 1).
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17708 total number of participants in 2011 CHARLS

A 4

Excluded lacking data on
depressive symptoms in 2011
CHARLS (n=1670)

Excluded having arthritis and
missing data on arthritis in 2011
CHARLS (n=5431)

Excluded losting to follow-up in
the next 2013, 2015 and 2018
CHARLS (n=2051).

/

8556 participants included in the cohort

Fig. 1 Flowchart of the inclusion of participants

Depressive symptoms

The 10-item Center for Epidemiological Studies Depres-
sion Scale (CES-D-10) was used to assess depressive
symptoms experienced by the informants in the previous
week. The CES-D-10 scale consists of 10 questions with
respect to emotions or behaviors in a week, which com-
prised two parts: eight negative items and two positive
items. Having negative emotions or behaviors in less than
one day, one to two days, three to four or five to seven
days is rated as 0, 1, 2 or 3, respectively. The two posi-
tive emotions or behaviors were scored using this scale in
reverse. The 10 items’ scores were added to get the total
score (range, 0—30); the higher the number, the more
severe the depressive symptoms. The reliability and valid-
ity of CES-D-10 scale have been well verified by previous
study [37]. We defined a binary depression variable with
a cut-off value of 10 points or more [38].

Arthritis
Self-reports based on baseline and follow-up surveys
determine the presence or absence of arthritis. When
asked “Have you been diagnosed with arthritis?” [3], if
the respondent’s answer was “yes’jthey were according as
arthritis.

Covariates

On the basis of other studies, we choose the covariates
[20, 24, 25], including age, sex, residence (rural/urban),
education (no school/1-6 years/7 years or more), marital
(yes/no), smoking (yes/no), drinking (yes/no), socioeco-
nomic status (low/fair/good), sleeping time, body mass
index (BMI), hypertension (yes/no), diabetes (yes/no),
dyslipidemia (yes/no), and cardiovascular disease (yes/
no) at baseline.

In this study, participants’ educational attainment was
achieved by asking “What is the highest level of educa-
tion?”. Answers without formal education (illiteracy) were
categorized as having no school; did not complete pri-
mary school but could read and write, four books/home
school, or graduated from primary school with 1-6 years
of education; Graduate from other levels with 7 years
school or more. Respondents who smoked more than 100
cigarettes including present and in the past, were defined
as smokers. Participants with no drinking were estimated
by no consumed any alcohol in the past year. Socioeco-
nomic status was got through the question “How would
you rate your standard of living? Is it very high, relatively
high, average, relatively poor or poor?” The answers were
categorized into three types: poor (relatively poor and
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poor), average, and well (relatively high and very high).
Sleeping time was defined as the average time spent actu-
ally sleeping each night within the past month. Hyperten-
sion was defined as (1) self-reported physician-diagnosed
history of hypertension or (2) measured SBP>140 mm
HG and/or DBP>90 mm Hg. Diabetes includes impaired
glucose tolerance or increased fasting blood glucose
levels. Dyslipidemia may include elevated Low-density
lipoprotein, triglyceride and total cholesterol, or low
high-density lipoprotein levels. Cardiovascular diseases
include heart disease, coronary artery disease or other
heart attacks and strokes.

Statistical analysis

The distributions of the characteristics of study partici-
pants were described based on the depressive symptoms
at baseline. Results are presented as means and standard
deviations (SDs) for continuous variables and numbers
and percentages for categorical variables. We used Cox
proportional hazards models to assess hazard ratios
(HRs) and 95% Cls for associations between depressive
symptoms and arthritis. The condition of the propor-
tional hazard assumption was checked in the Cox pro-
portional hazards models with Schoenfeld residuals and
we did not find any violation.

Follow-up ended at the time of death or at the wave 4
concluded, whichever came first. Occurrence of arthri-
tis or the wave 4 concluded was considered the endpoint
event. We employed a multiple imputation (MI) approach
to account for missing covariates. We employed three
Cox models, in which model 1 was unadjusted; model
2 was adjusted for age, sex and BMI; and model 3 was
adjusted for 14 possible related factors (the female was
assigned a value of 1, and the male was assigned a value
of 0; education level of no school was assigned a value of
1 (the reference group), 1-6 years was assigned a value
of 2, and 7 years or more was assigned a value of 3; mar-
ried was assigned a value of 1, and other marital statue
was assigned a value of 0; rural was assigned a value of
1, and urban was assigned a value of 0; current smoker
was assigned a value of 1, and current non-smokers was
assigned a value of O;current drinker was assigned a value
of 1, and current non-drinker was assigned a value of
0;socioeconomic status of low was assigned a value of
1 (the reference group), fair was assigned a value of 2,
and good was assigned a value of 3; hypertension was
assigned a value of 1, and without hypertension was
assigned a value of 0; diabetes was assigned a value of
1, and without diabetes was assigned a value of 0; dys-
lipidemia was assigned a value of 1, and without dyslip-
idemia was assigned a value of 0; cardiovascular disease
was assigned a value of 1, and without cardiovascular
disease was assigned a value of 0;age, BMI and sleeping
time were evaluated as numerical variables). This present
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study also explored the associations between improv-
ing or worsening of depressive symptoms and arthritis
with additional adjusted for baseline CES-D-10 score
based on model 3. We also analyzed the association of
depressive symptoms changing with arthritis during fol-
low-up and the association of CES-D-10 score changing
per 1 with arthritis. Depressive symptoms improving is
defined as depression at baseline and no depression dur-
ing the follow-up period. Similarly, depressive symptoms
worsening is defined as no depression at baseline and
depression during the follow-up period. The changing of
depressive symptoms is presented as the difference in the
CES-D-10 score between baseline and follow-up. Strati-
fied analyses were also performed between depressive
symptoms and arthritis according to participant char-
acteristics (sex, age, residence, smoking status, drinking
status and BMI) to evaluate potential effect modification.
We performed three sets of sensitive analyses. First, we
only included complete cases with no missing variables.
Second, considering the development of arthritis is gen-
erally a chronic progress, we excluded participants who
developed arthritis in the first two years of follow-up.
Third, we excluded participants who experienced mul-
tiple changes in depressive status to avoid possible self-
reported inaccuracy. All models were analyzed using R
software (version 3.5.2).

Results

Study population

8556 participants included in the present study during
55861.64 person-years of follow-up and the mean fol-
low-up time was 6.53 years (range 1.33-7.26). 5974 par-
ticipants has no depression and 2582 has depression at
baseline (Table 1). The mean age was 58.1+9.7 years old
in participants with no depression and 59.4+10.1 years
old in participants suffered from depression. Compared
to participants without depression at baseline, partici-
pants having depressed symptoms were more likely to be
women (59.2% and 46.6%, respectively) and living in rural
(84.3% and 75.4%, respectively), tended to be unmarried
(84.6% and 90.8%, respectively), had a lower percentage
of current smokers (35.9% and 41.7%, respectively) and
current drinkers (27.3% and 36.3%, respectively), had a
decreased years of education (25.1% received 7 years or
more and 40.1% received 7 years or more, respectively)
and a higher percentage of low socioeconomic status
(55.4% and 35.9%, respectively). Compared with partici-
pants included in the analysis, those excluded were more
likely to be old, women, living in urban, reported no
school and had a higher proportion with CVD (Table 2).

Association of depressive symptoms with arthritis
In the 2018 wave survey during 5163.86 person-years of
follow-up, 1129 individuals (13.2%) developed arthritis,
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Table 1 Study population according to depressive symptoms at baseline

Characteristic No depression Depression
N (%) or mean (SD) N (%) or mean (SD)

Total participants 5974 (69.8) 2582 (30.2)
Age (years, mean (SD)) 58.1(9.7) 594 (10.1)
Women 2784 (46.6) 1528 (59.2)
Rural 4503 (75.4) 2176 (84.3)
Education

No school 1341 (22.5) 858(33.2)

1-6 years 2232 (374) 1075 (41.6)

7 years or more 2396 (40.1) 649 (25.1)
Married 5425 (90.8) 2184 (84.6)
Current smoker 2492 (41.7) 928 (35.9)
Current drinker 2169 (36.3) 704 (27.3)
Socioeconomic status

Low 2143 (35.9) 1430 (55.4)

Fair 3526 (59.0) 1073 (41.6)

Good 269 (4.5) 70 (2.7)
Body mass index (kg/mz, mean (SD)) 23.6(3.6) 23.0(3.6)
Sleep time (hours, mean (SD)) 7523) 7.0(20)
Hypertension 2173 (36.4) 1006 (39.0)
Diabetes 287 (4.8) 168 (6.5)
Dyslipidemia 491 (8.3) 249 (9.8)
[@Y/p) 519(8.7) 389 (15.1)

Table 2 Baseline characteristics of participants included and excluded from analysis

Characteristic Included in the analyses Excluded from the analyses
N (%) or mean (SD) N (%) or mean (SD)

Total participants 8556 (48.3) 9152 (51.7)
Age (years, mean (SD)) 58.5(9.9) 596 (10.3)
Women 4312 (504) 4917 (53.7)
Rural 6679 (78.1) 6765 (73.9)
Education

No school 2199 (25.7) 2604 (28.6)

1-6 years 3307 (38.7) 3645 (40.0)

7 years or more 3045 (35.6) 2853 (31.3)
Married 7609 (88.9) 7808 (85.6)
Current smoker 3420 (40.0) 3511 (39.0)
Current drinker 2873 (33.6) 2894 (32.2)
Socioeconomic status

Low 3573 (41.8) 3512 (384)

Fair 4599 (53.8) 3871 (423)

Good 339 (4.0) 1530 (16.7)
Body mass index (kg/m?, mean (SD)) 23.5(3.6) 235(3.7)
Sleep time (hours, mean (SD)) 7322 7101.8)
Hypertension 3179(37.2) 3444 (38.2)
Diabetes 455(5.4) 538 (6.0)
Dyslipidemia 740 (8.8) 855 (9.7)
[@Yp) 908 (10.6) 1500 (16.7)

including 706 and 423 cases in participants without
depressed symptoms and having depressed symptoms
at the first wave (2011), respectively. We conducted Cox
proportional hazards models to assess the association
between depressive symptoms and arthritis (Table 3).

The HR estimates were similar with and without control-
ling age, sex, and BMI. Additional adjustment for poten-
tial confounders modestly attenuated the association and
remained significant (HR, 1.54; 95% CI, 1.35 to 1.75).
When we considered the association of depression score



Liu et al. BMC Geriatrics (2024) 24:909 Page 6 of 10
Table 3 Association of depressive symptoms with arthritis
N/ N events Model 12 Model 2° Model 3¢
HR(95% Cl) HR(95% Cl) HR (95% Cl)
No depression 5974/706 Ref Ref Ref
Depression 2582/423 1.63 (1.44-1.84) 1.61(1.42-1.82) 1.54 (1.35-1.75)
CES-D-10 score increase per 1 8556/1129 1.04 (1.03-1.05) 1.04 (1.03-1.05) 1.04 (1.03-1.05)

@ Unadjusted model
b Adjusted for age, sex, and BMI

¢ Adjusted for age, sex, BMI, education, marital status, residence, smoking status, drinking status, socioeconomic status, sleeping time, hypertension, diabetes,

dyslipidemia, and cardiovascular disease

Table 4 Association between improvement of depressive symptoms and arthritis

N/ N events Model 12 Model 2° Model 3¢
HR(95% Cl) HR(95% Cl) HR (95% ClI)
Depression at baseline and follow-up 1843/286 Ref Ref Ref
Depression at baseline and no depression at follow-up 739/137 0.71(0.58-0.87) 0.73 (0.59-0.90) 0.75 (0.60-0.94)
CES-D-10 score decrease per 1 2582/423 0.97 (0.95-0.99) 0.97 (0.95-0.99) 0.95(0.93-0.98)

? Unadjusted model
b Adjusted for age, sex, and BMI

€ Adjusted for age, sex, BMI, education, marital status, residence, smoking, drinking, socioeconomic status, sleeping time, hypertension, diabetes, dyslipidemia,

cardiovascular disease and baseline CES-D-10 score

Table 5 Association between worsening of depressive symptoms and arthritis

N/ N events Model 12 Model 2° Model 3¢
HR(95% Cl) HR(95% ClI) HR (95% ClI)
No depression at baseline and follow-up 3751/357 Ref Ref Ref
No depression at baseline and depression at follow 2223/349 1.79 (1.54-2.07) 1.77 (1.52-2.06) 1.66 (1.42-1.95)
CES-D-10 score increase per 1 5974/706 1.05 (1.03-1.06) 1.05 (1.03-1.06) 1.05 (1.03-1.06)

@ Unadjusted model
b Adjusted for age, sex, and BMI

¢ Adjusted for age, sex, BMI, education, marital status, residence, smoking, drinking, socioeconomic status, sleeping time, hypertension, diabetes, dyslipidemia,

cardiovascular disease and baseline CES-D-10 score

with arthritis, we found that a 1 increase in CES-D-10
score was associated with a 4% increased risk of develop-
ment of arthritis after 8 years in unadjusted models and
adjusting for different potential confounders did not alter
the HR value (HR, 1.04; 95% CI, 1.03 to 1.05) (Table 3).

Association of changes in depressive symptoms with
arthritis
Among 2582 participants with depressive symptoms
in the 2011 wave survey during 16485.97 person-years
of follow-up, 739 participants experiencing depressive
symptomatic improvement and 18.1% (134/739) of them
developed arthritis after 8 years. Compared with par-
ticipants who consistently had depressive symptoms at
baseline and over the 8 years of follow-up, participants
with depressive symptomatic improvement was associ-
ated with lower risk of arthritis (HR, 0.75; 95% CI, 0.60
to 0.94) and a 1 decrease in CES-D-10 score during 8
years follow-up was associated with a 5% lower risk of
development of arthritis (HR, 0.95; 95% CI, 0.93 to 0.98)
(Table 4).

Among 5974 participants without depressive
symptoms in the 2011 wave survey during 39375.67

person-years of follow-up, worsening depressive symp-
toms occurred in 2223 participants and 15.6% (346/2223)
of them developed arthritis after 8 years. Participants
new-onset depressive symptoms during 8 years follow-
up were more likely to have a higher risk of arthritis than
those without depressive symptoms at baseline and 8
years follow-up (HR, 1.66; 95% CI, 1.42 to 1.95) and a 1
increase in CES-D-10 score during 8 years follow-up was
associated with a 5% higher risk of arthritis (HR, 1.05;
95% CI, 1.03 to 1.06) (Table 5).

Stratified and sensitive analyses for depressive symptoms
and arthritis

A stratified analysis of depressive symptoms and arthritis
is presented in Table 6. Each stratified analysis was con-
ducted without including the stratification variable itself,
except age and BMI as continuous variables. Analysis
stratified by sex, age, residence, smoking status, drink-
ing status and BMI further confirmed that depression
was independent risk factor for arthritis in both men and
women and different characteristics population. There
was no significant interactions were observed. Three sets
of sensitive analyses were presented in Table 7. depressive
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Table 6 Association of depressive symptoms with arthritis
stratified by potential modifiers

N/N Model 32 HR P for
events (95% CI) interaction

Sex 0.32
Men 4244/487 140 (1.14-1.72)
Women 4312/642 1.67 (141-1.97)
Age 091
<60 5031/731 1.56 (1.32-1.83)
>60 3525/398 1.53(1.23-1.89)
Residence 0.50
Rural 6679/913 1.57 (1.37-1.81)
Urban 1877/216 1.33(1.06-1.85)
Smoking status 0.89
Nonsmoker 5134/715 1.54 (1.32-1.81)
Smoker 3420/414 1.55(1.25-1.92)
Drinking status 0.20
Nondrinker 5683/779 1.50 (1.28-1.74)
Drinker 2873/350 1.68 (1.33-2.13)
BMI (kg/m?)® 042
Less than or equal to  4277/542 145 (1.20-1.74)
median
Above median 4279/587 1.64 (1.37-1.96)

2 Adjusted for age, sex (if appropriate), BMI, education, marital status, residence,
smoking (if appropriate), drinking (if appropriate), socioeconomic status,
sleeping time, hypertension, diabetes, dyslipidemia, and cardiovascular disease

®The median of BMI is 23.19

HR (95% ClI)

148(1.27-1.72)
0.71(0.56-0.91)
1.65 (1.37-1.86)

Ref
Ref
Ref

Excluding multiple changes in depressive

status
N/ N events

5472/577
2363/386
1843/286
520/100

3751/357
1721/220

HR (95% ClI)
Ref
135(1.18-161)
0.73 (0.55-0.98)
1.62(1.33-1.98)

Ref
Ref

symptoms and depressive symptoms improvement and
depressive symptoms worsening remained associated
with arthritis on all sensitive analyses.

Excluding arthritis in the first two year of

follow-up
N/ N events
5798/530
2460/301
1776/205
684/96
3623/269
2175/261

Discussion

This study investigated the association between changes
in depressive symptoms and arthritis in a national pro-
spective cohort of middle-aged and older Chinese adults.
The findings showed that depressive symptoms increased
the risk of the incidence of arthritis. Arthritis incidence
was 54% higher in people with depressive symptoms
than in those without. We also found that improvement
in depressive symptoms was associated with lower risk
of arthritis and that worsening of depressive symptoms
was related to higher risk of arthritis. Participants with
depressive symptoms at baseline but improved symp-
toms at follow-up had a 25% lower rate of arthritis than
those with no improvement. Participants with no depres-
sive symptoms at baseline but depressive symptoms at
follow-up had a 66% higher rate of arthritis than those
with no depression.

Given the rising prevalence of arthritis in the aging
population and the significant impact of depression
on overall functioning, it is imperative to recognize the
potential interconnection between depressive symp-
toms and arthritis in adults. This understanding is cru-
cial for informed decision-making in health care budget
allocation to ensure the availability and accessibility of

HR (95% ClI)
Ref

149 (1.32-1.69)
Ref

0.76 (0.60-0.94)
Ref
1.63(1.39-1.92)

29

Complete cases
N/ N events
1700/406

The association of depressive symptoms improvement with arthritis
1272/277

428/1

The association of depressive symptoms worsening with arthritis
2779/332

1601/330
@ Adjusted for age, sex, BMI, education, marital status, residence, smoking status, drinking status, socioeconomic status, sleeping time, hypertension, diabetes, dyslipidemia, and cardiovascular disease

4380/662

b Adjusted for age, sex, BMI, education, marital status, residence, smoking, drinking, socioeconomic status, sleeping time, hypertension, diabetes, dyslipidemia, cardiovascular disease and baseline CES-D-10 score

The association of depressive symptoms with arthritis

No depression

Depression
Depression at baseline and no depression at follow-up

Table 7 Results of sensitivity analyses
No depression at baseline and depression at follow

Depression at baseline and follow-up
No depression at baseline and follow-up
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appropriate services. This article underscores the neces-
sity that (1) caretakers should be aware that depressive
symptoms are a risk feature of arthritis, (2) valid screen-
ing tools for depressive symptoms should to be made
available and (3) guidelines should be developed to
inform caretakers how to improve and treat patients with
depressive symptoms.

We demonstrated that development of depressive
symptoms was associated with higher risk of arthritis
and improvement of depressive symptoms was associ-
ated with lower risk of arthritis. In addition to showing
that participants with new depressive symptoms had a
higher incidence of arthritis than those who had never
had depression, we found that participants with wors-
ening depressive symptoms had a higher incidence of
arthritis than those without exacerbating. In contrast,
the participants who had depressive symptoms at base-
line but who experienced improvement at follow-up had
a clear lower risk of arthritis. Furthermore, we also found
that just a 1-point reduction or increase in scores on the
CES-D-10 during 8 years of follow-up was associated
with a 5% reduced or elevated risk of developing arthritis.
There are few studies on the association between changes
in depressive symptoms and arthritis. However, a study
by Vallerand et al. showed that patients who took anti-
depressants had a lower risk of arthritis compared with
those who did not take antidepressants for major depres-
sive disorder [21], a finding that is consistent with the
present findings to some extent.

Our findings extend current understanding of the
connection between depressive symptoms and arthritis
in middle-aged and older adults. They also indicate the
need for greater awareness of the complex relationship
between depression and arthritis, and the need for more
robust treatment measures at all stages of the develop-
ment of depression.

Most previous analyses of the relationship between
arthritis and depression have shown results similar to the
present findings; that is, the presence of depressive symp-
toms may increase the risk of arthritis. Studies from Tai-
wan [20], the UK [21, 22], the USA [23-25], China [28,
39, 40], and other countries [26, 27] have demonstrated a
strong positive association between arthritis and depres-
sive symptoms. Conversely, studies found that depression
did not increase the risk of arthritis in adults in Nether-
lands [29] and Korea [30]. The inconsistencies between
study findings may reflect characteristics of the study
participants. Hedda et al. studied Netherlands partici-
pants between 18 and 65 years of age for 3 years [29], so
younger people (<45 years) might lead to inconsistencies
of our study. Kim et al. included Korean individuals who
were diagnosed with depression and had been treated
two or more times [30], so the participants can be con-
sidered as people with improved depressive symptoms.

Page 8 of 10

However, the present study sample included participants
who had depressive symptoms whether be treated or not.

There are several explanations for why depressive
symptoms may increase the risk of arthritis. First, depres-
sive symptoms may increase the likelihood of unhealthy
lifestyles and behaviors, like smoking and obesity, which
may in turn increase the risk of arthritis [12] and car-
diovascular disease [41]. Second, depressive disorders
may be associated with increased peripheral blood cell
deformability [42], which indicates that depressive symp-
toms can lead to physical deterioration. An increase in
interleukin-6, which is an important inflammatory medi-
ator in mood disorders, is associated with the develop-
ment of rheumatoid arthritis, which may explain the link
between arthritis and depression [43]. Third, long-term
or ongoing worsening of depressive symptoms may lead
to persistent joint pain that develops into arthritis. There
is a strong longitudinal association between depressive
mood and pain, morning stiffness, and joint pain counts
[44]. Possible biological mechanisms underlying this
association are the immune system, the hypothalamic—
pituitary—adrenal axis, and metabolic dysregulation,
which may be caused by a common genetic vulnerability
that leads to arthritis. In addition to pertinent biological
mechanisms, heightened medical awareness may enable
a majority of patients to actively seek treatment, thereby
identifying more cases of arthritis. Individuals experi-
encing improvements in depressive symptoms tend to
be more health-conscious and, consequently, may pay
greater attention to physical health issues, facilitating the
earlier detection of arthritis.

This study had several major strengths, including the
prospective design, the use of a large sample from main-
land China, and the long-term follow-up. However,
some limitations should be acknowledged. First, the
identification of depressive symptoms using the CES-D-
10 may be less accurate than a clinical diagnosis. How-
ever, the CES-D-10 has shown good reliability and fair
validity in Chinese adults and is a practical option for
use in large-scale cohort studies. Second, arthritis sta-
tus was measured using self-reported, and so may have
been subject to recall bias. However, Arokiasamy et al.
reported that the prevalence of self-reported arthritis in
a World Health Organization global study on aging and
adult health [45] was comparable to that of Chinese par-
ticipants of similar ages (26.05% vs. 20.00%), which sug-
gests that the assessment of arthritis status in the present
study may be reliable. In addition, this investigation did
not include any survey about differentiate between vari-
ous types of arthritis (i.e., osteoarthritis or rheumatoid
arthritis). Therefore, the association we observe between
depressive symptoms and arthritis should be considered
with cautions, due to the impact of depressive symp-
toms may vary across detailed types of arthritis. Finally,
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some potential confounders, such as dietary patterns and
antidepressant medications, were not adjusted for in the
analysis models owing to data unavailability, which may
have contributed to residual confounding.

In conclusion, in this study, we demonstrated that indi-
viduals with depressive symptoms have increased risk of
developing arthritis. Compared with participants who
consistently had depressive symptoms at baseline and
follow-up, participants with depressive symptomatic
improvement (having depressive symptoms at baseline
but without depressive symptomatic at follow-up) was
associated with a reduced risk of arthritis. Compared
with participants who consistently without depressive
symptoms at baseline and follow-up, participants with
depressive symptomatic worsen (without depressive
symptoms at baseline but having depressive symptomatic
at follow-up) was associated with a higher risk of arthri-
tis. The improvement of depressive symptoms during
8 years of follow-up was associated with a reduced risk
of arthritis, and the worsening of depressive symptoms
was associated with a higher risk of arthritis. More pro-
spective longitudinal studies are needed to confirm the
complex association between depressive symptoms and
arthritis suggested by our findings.
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