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Aims: To investigate the bidirectional longitudinal association between pain and
depressive symptoms and explore whether gender modifies the association.

Methods: This study used data of 17,577 participants without depressive symptoms
and 15,775 without pain at baseline from waves 1-8 (2002/2003 to 2016/2017) of
the English Longitudinal Study of Aging (ELSA) and waves 1 to 3 [2011-2015] of the
China Health Retirement Longitudinal Study (CHARLS). Cox regression models were
performed at the cohort level to evaluate the potential longitudinal associations, and
then random-effect meta-analyses were conducted to pool the results. The potential
modifying effect was detected by Z-test.

Results: During 103,512 person-years of follow-up in participants without depressive
symptoms, baseline pain intensity was associated with incident depressive symptoms.
Compared with individuals who reported no pain at baseline, the pooled adjusted hazard
ratio (HR) of incident depressive symptoms for participants with mild to moderate pain
and for those with severe pain was 1.37 (95% CI: 1.22-1.55, p < 0.001) and 1.52
(95% CI: 1.34-1.73, p < 0.001), respectively. During 81,958 person-years of follow-up
in participants without pain, baseline depressive symptoms were associated with a
significantly higher incidence of pain, and the pooled adjusted HR of incident pain was
1.71 (95% Cl: 1.60-1.82, p < 0.001). These associations were not modified by gender.

Conclusions: A bidirectional longitudinal association between pain and depressive
symptoms was demonstrated, not modified by gender. Family doctors should be aware
of the bidirectional association and advice individuals with pain or depressive symptoms
to be screened for both kinds of symptoms.

Keywords: pain, depressive symptoms, nationally representative aging cohorts, prospective study, association
between pain and depressive symptoms
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INTRODUCTION

Both pain and depression are considerable health-related
concerns that draw increasing attention globally (1). As indicated
by a study that covered 17 countries, nearly two-fifths of adults
reported chronic pains during the previous year, and it is
noteworthy that the figure is rising in line with the population
aging (2). Depression is another age-related disease that affects
322 million individuals worldwide (3). The annual financial costs
of pain and depression had been up to $560 billion and $210.5
billion in the US, respectively (4, 5). The comorbidity of these two
diseases is quite common. Pain conditions were complained by
more than half of depression patients (6). In turn, more than 50%
of patients with chronic pain suffered from depressive symptoms
(7). The pain in depressive patients affected the treatment and
prognosis of depression and vice versa (7). Thus, a thorough
understanding of the association between pain and depressive
symptoms is necessary.

Most of the previous studies on the association between pain
and depression used cross-sectional data or only researched
unidirectional longitudinal association. There have been several
prospective studies on the bidirectional relationship between
pain and depression, while these studies yielded inconsistent
conclusions and were limited by representativeness, follow-up
duration, or other methodological pitfalls (1, 8-12). The evidence
from community-based large cohorts is still lacking. Moreover,
the gender difference in the potential bidirectional longitudinal
association remains unclear.

The English Longitudinal Study of Aging (ELSA) (13) and
the China Health Retirement Longitudinal Study (CHARLS) (14)
are two nationally representative aging cohorts that involved
pain and depressive symptoms at multiple waves. These two
cohorts provided an opportunity to investigate the longitudinal
associations between pain and depressive symptoms. Our aims
were (1) to examine the bidirectional longitudinal association
between pain and depressive symptoms in community-based
aging populations and (2) to explore whether gender modifies
the association.

MATERIALS AND METHODS

Participants

The data were derived from the ELSA and the CHARLS, both
of which are community-based and nationally representative
aging cohorts. The ELSA and the CHARLS were approved by
London Multicentre Research Ethics Committee and Peking
University Institutional Review Board, respectively (13-15).
Written informed consent forms were obtained from all
participants in both cohorts.

The CHARLS cohort was of individuals who aged 45 years
and older and were living in China (14). Multistage probability
sampling was used in the CHARLS to ensure the nationally
representativeness. The present study used the data from wave
1(2011) as a baseline and considered waves 2-3 (2013-2015) as a
follow-up period. The ELSA sample was from the Health Survey
for England, which randomly enrolled individuals who aged 50
years or older and were living in England using the postcode

(13, 16). The baseline of the ELSA cohort was wave 1 (2002/2003)
and the follow-up waves included waves from 2 to 8 (2004/2005
to 2016/2017) (17).

Figure 1 shows the flow chart of participant selection for
the present study. In the analysis of the association between
baseline pain intensity and incident depressive symptoms, 17,577
participants (9,566 from the CHARLS and 8,011 from the
ELSA) free of depressive symptoms at baseline and with >1
remeasurement of depressive symptoms were included in the
present study (Figure 1). To analyze the association between
baseline depressive symptoms and incident pain, this study
included 15,775 participants (9,224 from the CHARLS and 6,551
from the ELSA) free of pain at baseline and with >1 reassessment
of pain (Figure 1).

Assessments

Assessment of Pain

In both cohorts, pain intensity at baseline and each follow-
up wave were assessed. In the CHARLS cohort, baseline pain
intensity was categorized into three groups: no pain, mild to
moderate pain, and severe pain. If there were more than one
pain location, the most severe one among them was recorded.
Fifteen specific common pain locations have been assessed in the
CHARLS: head, shoulders, arms, wrist, fingers, chest, stomach,
back, waist, buttocks, legs, knees, ankles, toes, and neck (18).
In the ELSA cohort, pain intensity was measured based on pain
intensity scores ranging from 0 to 10 (0 was no pain and 10 was
severe or excruciating pain). Four specific pain locations have
been evaluated in the ELSA: back, hips, knees, and feet (17). For
pooling analyses in this study, we divided the ELSA participants
into three categories of pain intensity according to the pain
intensity scores: no (scored 0), mild to moderate (scored 1-7),
and severe pain (scored 8-10). The cutoff points were established
according to Boonstra et al. (19). The most severe one among the
four locations was used in our analyses.

In the longitudinal association analysis of baseline pain and
incident depressive symptoms, pain intensity was used as a
potential risk factor. In turn, incident self-reported pain that
includes mild to severe pain was used as the outcome when
analyzing the association between baseline depressive symptoms
and incident pain.

Assessment of Depressive Symptoms

Depressive symptoms were assessed by an eight-item version of
the Center for Epidemiologic Studies Depression Scale (CES-
D) in the ELSA (20). One point was given for each item, and
the total scores were ranged from 0 to 8. According to previous
studies, a score of 4 or more was defined as depressive symptoms
(20, 21). The CHARLS used CES-D (ten-item version) to assess
depressive symptoms (22). Three points were given for each item.
Thus, the scores were ranged from 0 to 30. Depressive symptoms
were defined as a score >12 according to prior validation studies
(22,23).

Covariates
Covariates that were selected in our study include demographics
(age and gender), socioeconomic status (education in years
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29805 participants attended baseline survey:
e 17706 from the CHARLS (wave 1 in 2011)
® 12099 from the ELSA (wave 1 in 2002/03)

Baseline pain severity and incident depressive symptoms
9200 were excluded at baseline due to:
e Not completing all CES-D questions (n=2921; 2434
from the CHARLS and 487 from the ELSA)
* Missing gender information (n=11, from the CHARLS)
o Classified depressive symptoms and/or taken

antidepressant drugs (n=6268; 4300 from the
CHARLS and 1968 from the ELSA)

Baseline depressive symptoms and incident pain
11524 were excluded at baseline due to:

o Not completing all CES-D questions (n=2921; 2434
from the CHARLS and 487 from the ELSA)

e Missing gender information (n=11, from the CHARLS)

o Self-reporting of body pain at baseline (n=8592; 4881
from the CHARLS and 3711 from the ELSA)

20605 participants had complete data at baseline
e 10961 from the CHARLS
® 9644 from the ELSA

18281 participants had complete data at baseline
e 10380 from the CHARLS
e 7901 from the ELSA

3028 were excluded due to loss to follow-up:
® 1395 from the CHARLS (waves 2 to 3, till 2015)
e 1633 from the ELSA (waves 2 to 8, till 2016/17)

2506 were excluded due to loss to follow-up:
e 1156 from the CHARLS (waves 2 to 3, till 2015)
* 1350 from the ELSA (waves 2 to 8, till 2016/17)

17577 participants with complete baseline data and at
least one reassessment of CES-D were included in the
analysis of baseline pain severity and incident
depressive symptoms

* 9566 from the CHARLS

e 8011 from the ELSA

15775 participants with complete baseline data and at
least one reassessment of body pain were included in
the analysis of baseline depressive symptoms and
incident pain

® 9224 from the CHARLS

e 6551 from the ELSA

FIGURE 1 | Flow chart of inclusion of this study population.

and cohabitation status), lifestyle factors (smoking and alcohol
consumption), and relevant clinical characteristics (self-reported
physician-diagnosed history of hypertension, diabetes, coronary
heart disease, stroke, cancer, and chronic lung disease) (15).
Education levels of >senior high school in the CHARLS and
>level 1 national vocational qualification or General Certificate
of Education Advanced level in the ELSA were defined as a
high level of education (24). Cohabitation status was defined as
currently living alone or not. Only current smokers were defined
as smokers.

Statistical Analysis

The results are presented as percentages for categorical
variables and means =+ standard deviation (SD) for continuous
variables. Data were firstly analyzed at cohort level according
to the following uniform protocol. We used Cox regression
models to evaluate the relationship between baseline pain
category and incident depressive symptoms and the association
between baseline depressive symptoms and incident pain. After
adjustment for the covariates mentioned above, hazard ratios
(HRs) and corresponding 95% confidence intervals (CIs) were
reported. Then, pooled analyses were performed to estimate the
pooled effect and 95% Cls with random-effect meta-analyses,
which took heterogeneity of the two cohorts into consideration.

The I? statistic was used to present the extent of variability
between the two studies that were attributable to heterogeneity.
To assess the potential modifying effects of gender on the
bidirectional relationship, a Z-test was performed to compare
the coefficients between two subgroup analyses, with the method
proposed by Altman and Bland (25). To evaluate the stability of
our main results, we performed longitudinal analyses of baseline
pain and incident depressive symptoms repeatedly and restricted
to participants with baseline CES-D scores <1 (median) in
the ELSA and <5 (median) in the CHARLS to control the
reverse causality.

Regression analyses were conducted using SAS software,
version 9.4 (SAS Institute Inc., Cary, NC, USA). Meta-analyses
were performed using STATA (version 11; Stata Corp, College
Station, TX, USA). All analyses were two-sided with a threshold
value of p- equals to 0.05 for statistical significance.

RESULTS

Baseline Characteristics

A total of 17,577 individuals (9,566 from the CHARLS and
8,011 from the ELSA) without depressive symptoms at baseline
were included in the pooled analysis of the association between
pain intensity and incident depressive symptoms, and 15,775
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TABLE 1 | Characteristics of participants in the China Health Retirement Longitudinal Study (CHARLS) and the English Longitudinal Study of Aging (ELSA) at baseline.

Characteristics

Participants without depressive symptoms at baseline

Participants without pain at baseline

CHARLS ELSA CHARLS ELSA

(n = 9,566) (n =8,011) (n =9,224) (n = 6,551)
Age (years) 57.8+9.2 63.2 +10.3 582 +9.5 62.9 +10.5
Women (%) 4,656 (48.7) 4,357 (54.4) 4,491 (48.7) 3,554 (54.3)
Pain severity (%)
No pain 7,460 (78.0) 5,827 (72.7) 9,224 (100.0) 6,551 (100.0)
Mild to moderate pain 1,465 (15.3) 1,564 (19.5) 0(0.0) 0(0.0)
Severe pain 641 (6.7) 620 (7.7) 0(0.0) 0(0.0)
Depressive symptoms (%) 0(0.0) 0(0.0) 1,554 (16.9) 724 (11.1)
CES-D scores* 51+33 0.81 +£0.97 6.6 +£5.3 1.16 £ 1.70
High level of education (%) 1,427 (14.9) 2,631 (32.8) 1,349 (14.6) 2,264 (34.6)
Living alone (%) 864 (9.0) 2,310 (28.8) 990 (10.7) 2,022 (30.9)
Current smoking (%) 3,059 (32.0) 1,314 (16.4) 2,939 (31.9) 1,104 (16.9)
Alcoholic drink >once per week (%) 1,727 (18.1) 4,994 (62.3) 1,624 (17.6) 4,197 (64.1)
Hypertension (%) 2,176 (22.8) 2,842 (35.5) 2,031 (22.0) 2,222 (33.9)
Diabetes (%) 481 (5.0) 484 (6.0) 451 (4.9 357 (5.5)
Coronary heart disease (%) 942 (9.9) 799 (10.0) 862 (9.4) 587 (9.0)
Stroke (%) 141 (1.5) 244 (3.1) 133 (1.4) 191 (2.9
Cancer (%) 70(0.7) 434 (5.4) 62 (0.7) 352 (5.4)
Chronic lung disease (%) 770 (8.1) 400 (5.0) 696 (7.6) 273 (4.2)
Asthma (%) 242 (2.5) 819 (10.2) 219 (2.4) 646 (9.9)

The results are presented as mean + SD or n (%).
*The ranges of CES-D scores in the CHARLS and the ELSA were different.

participants free of pain (9,224 from the CHARLS and 6,551
from the ELSA) at baseline were included in this analysis
of the association between depressive symptoms and incident
pain. Table 1 presents the baseline characteristics of the two
cohorts separately.

Baseline Pain Intensity and Incident

Depressive Symptoms

During 103,512 person-years of follow-up (the CHARLS:
33,586 and the ELSA: 69,926), we identified 2,140 participants
(22.4%) in the CHARLS and 2,060 (25.7%) in the ELSA
who have had incident depressive symptoms. The incidence
of depressive symptoms was significantly increased by pain
intensity in both cohorts (Figure 2 and Supplementary Table 1
in Supplementary File).

Compared with individuals who reported no pain at baseline,
the pooled adjusted HR of incident depressive symptoms for
participants with mild to moderate pain and for those with severe
pain was 1.37 (95% CI: 1.22-1.55, p < 0.001) and 1.52 (95% CI:
1.34-1.73, p < 0.001), respectively (Table 2).

Baseline Depressive Symptoms and

Incident Pain

During 81,958 person-years of follow-up (the CHARLS: 30,946
and the ELSA: 51,012), 3,209 individuals (34.8%) from the
CHARLS cohort and 2,646 (40.4%) from the ELSA cohort
reported incident pain. Compared with participants without
depressive symptoms, individuals with baseline depressive

symptoms at baseline had a significantly higher incidence of
pain in both cohorts (Figure 2 and Supplementary Table 2 in
Supplementary File).

Compared to participants without baseline depressive
symptoms, those with depressive symptoms at baseline had
a significantly higher incidence of pain in both cohorts after
multivariable adjustment (pooled HR 1.71, 95% CI: 1.60-1.82, p
< 0.001; Table 3).

Non-Response Analyses

Among the baseline population, 1,395 (12.7%) participants
from the CHARLS and 1,633 (16.9%) from the ELSA with
complete baseline data were excluded from the analyses on
the association between baseline pain intensity and incident
depressive symptoms for loss to follow-up. The excluded
participants in both cohorts were older, had a higher percentage
of living alone, smoking, coronary heart disease, self-reported
diabetes, stroke, and chronic lung disease, and had a lower
percentage of alcohol consumption (Supplementary Tables 3, 4
in Supplementary File). Similarly, individuals who were excluded
from the analyses on the association between baseline depressive
symptoms and incident pain also had higher levels of the major
risk factors than those who were included in this study (data
not shown).

Subgroup Analyses by Gender
We performed repeated analyses by gender and found that
the associations between baseline pain severity and incident
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FIGURE 2 | Incident depressive symptoms by baseline pain severity (A) and incident pain by baseline depressive symptoms (B).
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depressive symptoms were still significant in both men and
women (Supplementary Tables 5, 6 in Supplementary File).
Table 4 shows the summarized results of pooled analyses by
gender, and we found that these associations were not modified
by gender.

Sensitivity Analyses
We restricted analyses to participants with baseline CES-D
scores <5 in the CHARLS and <1 in the ELSA. The results

show that the associations between pain categories and incident
depressive symptoms became stronger (Supplementary Table 7
in Supplementary File).

DISCUSSION

In this pooled study of two nationally representative aging
cohorts, we detected a significant bidirectional longitudinal
association between pain and depressive symptoms after
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TABLE 2 | Association between baseline pain severity and incident depressive symptoms, using Cox regression models.

Pain category CHARLS (n = 4,656)

ELSA (n = 4,357)

Meta-analysis (n = 9,013)

HR (95% CI)* P value* HR (95% CI)* P value* Pooled HR (95% CI) P value P (%) P value
No pain Ref / Ref / Ref / / /
Mild to moderate pain 1.29 (1.16-1.44) <0.001 1.46 (1.32-1.62) <0.001 1.37 (1.22-1.55) <0.001 62.3 0.103
Severe pain 1.42 (1.23-1.64) <0.001 1.62 (1.41-1.85) <0.001 1.52 (1.34-1.73) <0.001 41.3 0.192
Per category increase 1.22 (1.14-1.30) <0.001 1.31(1.23-1.39) <0.001 1.27 (1.18-1.36) <0.001 58.6 0.120

*After adjusting for baseline CES-D scores, gender, age, education, marital status, current smoking, alcohol consumption, self-reported hypertension, diabetes, coronary heart disease,

stroke, cancer, chronic lung disease, and asthma.

TABLE 3 | Association between baseline depressive symptoms and incident pain, using Cox regression model.

Depressive symptoms CHARLS (n = 9,224)

ELSA (n = 6,551)

Meta-analysis (n = 15,775)

HR (95% CI)* P value* HR (95% CI)* P value* Pooled HR (95% CI) P value P (%) P value
No Ref / Ref / Ref / / /
Yes 1.74 (1.61-1.89) <0.001 1.65 (1.48-1.84) <0.001 1.71 (1.60-1.82) <0.001 0.0 0.441

*After adjusting for gender, age, education, marital status, current smoking, alcohol consumption, self-reported hypertension, diabetes, coronary heart disease, stroke, cancer, chronic

lung disease, and asthma.

TABLE 4 | Modifying effects of sex on the association between baseline pain
intensity and incident depressive symptoms, and on the association between
baseline depressive symptoms and incident pain.

Pooled HR (95% CI)* P for interaction

Baseline pain intensity and incident depressive symptoms
No Pain Ref /
Mild to moderate pain

Women 1.33 (1.09-1.62) 0.436
Men 1.46 (1.29-1.66)

Severe pain

Women 1.561 (1.25-1.89) 1.000
Men 1.51 (1.28-1.78)

Per category increase

Women 1.25 (1.12-1.41) 0.734
Men 1.28 (1.19-1.38)

Baseline depressive symptoms and incident pain

No depressive symptoms Ref /
Depressive symptoms

Women 1.68 (1.48-1.80) 0.075
Men 1.86 (1.67-2.07)

*After adjusting for baseline CES-D scores (when analyzing the association between
baseline pain intensity and incident depressive symptoms), age, education, marital status,
current smoking, alcohol consumption, self-reported hypertension, diabetes, coronary
heart disease, stroke, cancer, chronic lung disease, and asthma.

adjustment for potential confounders. This bidirectional
association was not modified by gender. To the knowledge of the
authors, the present study is one the of largest cohort studies on
this topic.

Our study provided additional evidence for the bidirectional
association between pain and depression from community-based

middle-aged and elderly people. Magni et al. firstly investigated
and found the bidirectional relationship in a prospective study
among patients with pain or depression in 1993, while they
found the association was small in magnitude (8). Some
short-term studies, which lasted only 1 or 2 years, found a
bidirectional association between lower back pain and depression
(9, 10, 26). Besides the limited follow-up period, these three
studies were conducted among patients from outpatient or
healthcare plans, thus the representativeness limited their power
to demonstrate the association in the general population. In
2006, Chou analyzed the 2-year data of the ELSA and found
the bidirectional longitudinal association between pain and
depression (1). While this study did not perform a subgroup
study according to gender and was limited by the short
period, as Chou admitted (1). In a long-term cohort of 2,028
seniors, the bidirectional influence was also noticed but did
not remain after adjustment for covariates (11). Recently, a
large-sampled study proved a stronger bidirectional association
between pain and mental illness than what we found (12).
Nevertheless, this study only employed data from a register
system, which not only caused selection bias but also limited
its ability to investigate the temporal association between pain
and depression, since patients with pain or depression did
not necessarily go to see a doctor at the onset. Moreover, the
registered study did not differentiate between depression and
anxiety (12).

Some researchers suggested that female depression patients
were more likely to be affected by chronic pain than male patients
(27, 28). Besides, previous studies also observed that women were
more sensitive to pain and pain-related distress in both real life
and experiment (28-30). Thus, we assumed that gender might
modify the bidirectional association between pain and depressive
symptoms. However, our study did not find this modifying effect.
It probably resulted from the age category, for all the participants
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who were above 45 in China and above 50 in England, around or
after menopause. This population was nearly free from the effect
of sex hormones. Consequently, future research could extend the
population to younger individuals to investigate the potential
gender difference of the bidirectional association between pain
and depression.

The precise mechanisms that link pain and depression
remain unclear. An adequate understanding of the bidirectional
relationship and underlying mechanism may contribute to
screening approach and prevention strategies for pain in
patients with depressive symptoms and vice versa. The
following potential mechanisms might explain the bidirectional
relationship. It has been proved that neuroinflammation
was of pivotal importance in the pathogenesis of both
chronic pain and depression. High levels of corticosterone and
cytokines induced microglial activation (31). This activation
probably suppresses neurogenesis and neuroplasticity, leading to
depressive symptoms (28, 32). Meanwhile, microglial activation
has been identified as a key role in chronic pain development
and maintenance (33). Thus, pain and depression probably share
neuropathological mechanisms. Moreover, psychological factors
that include self-perceived health-related quality of life might
also mediate the bidirectional association between pain and
depression (33).

The major strength of our study is the large long-
term community-based cohorts. Both the ELSA and the
CHARLS were nationally representative of two countries with
substantial cultural differences and provided free premium
multiwave data that cover depressive scores, pain severities,
and covariates measurement. Second, this study detected
bidirectional longitudinal influence, while most of the previous
studies only explored across-sectional or unidirectional
longitudinal association.

However, the presented study has several limitations. First, it
is an observational study, which inevitably limited its ability to
demonstrate the causal association. Thus, further mechanisms or
experimental studies that focus on the bidirectional association
are required. Second, over 10% of individuals were excluded in
both cohorts due to loss to follow-up. These excluded individuals
had higher levels of risk factors than those included in this
study, which may limit the generalization of our results to
the original populations (24). Third, it is noteworthy that the
scales of pain intensity and depressive symptoms used in the
ELSA and CHARLS were different. However, the consistent
results under the different scales might be more persuasive than
under a uniform scale. Fourth, pain and depressive symptoms
used in this study were self-reported but not doctor-diagnosed,
which might have biased our results. Fifth, current confounding
might exist even though we have adjusted for a series of
potential covariates. For example, the rural/urban differences
in China might bias the bidirectional association between
pain and depressive symptoms without a certain direction,
while the consistency of the findings between the two cohorts
indicated the magnitude of the bias might be small. Finally,
there was small heterogeneity between the results of the ELSA

and the CHARLS, which had been located as the influence
of baseline depressive symptom scale on later incident pain
for women.

CONCLUSIONS

This pooled analysis of two national aging cohort studies
provides further evidence that supports the bidirectional
association between pain and depressive symptoms. Individuals
with pain had a higher risk of incident depressive symptoms
and vice versa. Gender does not modify the bidirectional
association. This study suggested that family doctors should
be aware of the bidirectional relationship and carry out early
assessments or event interventions to reduce the possibility
of depression in people with pain or to prevent pain
in people with depressive symptoms. Future studies are
necessary to explore the potential mechanisms underneath the
bidirectional association.
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