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Independent and combined associations of
depressive symptoms and sleep disturbance with
chronic pain in community-dwelling older adults
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Abstract \

Introduction: There is limited evidence regarding whether depressive symptoms and sleep disturbance are independently or
synergistically associated with chronic pain.

Objectives: We investigated the independent and combined associations of depressive symptoms and sleep disturbance with
chronic pain and its severity (and the additive interactions) in community-dwelling older adults.

Methods: This cross-sectional study analyzed the data of 1374 individuals who were 65 to 75 year old, not in need of long-term
care, and completed questionnaires assessing sociodemographic factors, depressive symptoms, sleep disturbance, and chronic
pain. The severity of chronic pain was assessed based on pain intensity, pain distribution, and pain type. The participants’ status of
depressive symptoms and sleep disturbance were categorized in the following 4 groups: neither condition, depressive symptoms
alone, sleep disturbance alone, and both conditions.

Results: Among the 1374 participants, 849 (61.8%) had chronic pain. The multivariable-adjusted odds ratios and 95% confidence
intervals of the presence of chronic pain in those with depressive symptoms alone, sleep disturbance alone, and both conditions
were 1.40 (0.97-2.03), 1.98 (1.41-2.78), and 2.12 (1.39-2.23), respectively, compared with the neither-condition group. Similar
associations were observed for severe chronic pain. However, there were no significant additive interactions. In addition, only sleep
disturbance was significantly associated with chronic pain, after adjusting for depressive symptoms.

Conclusions: Our analyses did not reveal a synergistic effect of depressive symptoms and sleep disturbance on chronic pain and its
severity, suggesting that most of the effects of depressive symptoms on chronic pain may be mediated by sleep disturbance.
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1. Introduction

Chronic pain is highly prevalent, and it is a major reason that
people seek medical care.*° A Global Burden of Disease Study
published in 2017 reported that chronic pain is one of the most
prominent causes affecting the number of years lived with
disability and disability-adjusted life years.'* The comorbidity of
chronic pain and psychological distress has also been linked to
increased health care utilization and costs,?® and understanding
the relationship between chronic pain and psychological distress
thus has essential implications for public health and the economy.

It is widely known that depression and sleep problems often
coexist in individuals with chronic pain.2%2"2532 These reports
suggested the possibility of depression—pain® and sleep—pain'?
bidirectional relationships. Although a bidirectional relationship
has been observed between depressive symptoms (or sleep
disturbance) and pain, compelling evidence from 2 studies sug-
gested that the presence of depressive symptoms or sleep dis-
turbance was a factor that exacerbated the participants’ pain,
rather than vice versa. %2
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Studies of individuals with type 2 diabetes mellitus have
reported that sleep quality combined with anxiety or depressive
symptoms has an additive effect on the quality of life.'%3°
However, existing studies of individuals with chronic pain have
examined depressive symptoms or sleep disturbance sepa-
rately,?'33 and no studies have examined their combined effects
on chronic pain. Considering that depressive symptoms, sleep
disturbance, and chronic pain share common underlying
neurobiological mechanisms,®12%¢4% we hypothesized that a
population of individuals with both depressive symptoms and
sleep disturbance is more likely to have severe types of chronic
pain due to the combined effects, and that depressive symptoms
and sleep disturbance may have one or more additive effects on
chronic pain and its severity. If one or more additive effects
appear when these 2 types of psychological distress are
combined, the demands for the assessment of and the need
for interventions for depressive symptoms and sleep disturbance
will increase from a clinical and public health perspective.

We conducted this study to investigate the effects of additive
interactions between depressive symptoms and sleep distur-
bance on chronic pain and its severity, and we explored the
independent and combined associations of depressive symp-
toms and sleep disturbance with chronic pain and its severity in
community-dwelling older adults.

2. Participants and methods
2.1. Study population

The population-based Itoshima Frail Study was conducted in
2017 in the city of ltoshima, Japan, as an investigation of
modifiable lifestyle and social factors. Our study included
individuals aged 65 to 75 years who were not certified as
requiring nursing care by the Japan’s National Long-term Care
Insurance System. Of approximately 10,000 older adults, we
randomly selected 5000 according to their residential area, sex,
and age. A set of study information sheets and questionnaires
was mailed to these participants, inviting them to community
centers for further assessments. Of the 5000 individuals
contacted, 1589 submitted the questionnaires. We excluded
the 215 individuals with missing psychological data (n = 198) and
pain-related data (n = 17) for the present cross-sectional
analyses. This study was approved by the Institutional Review
Board of Kyushu University, Japan. None of the participants
received compensation for their participation, and they each
provided written informed consent to have their data used and
published.

2.2. Measurement of depressive symptoms and
sleep disturbance

Psychological distress was assessed using the 6-item Kessler
Psychological Distress Questionnaire (K6).'® The K6 measures
feeling nervous, hopeless, restless, depressed, or worthless or
feeling that everything is an effort (over the last 30 days) on a 5-
point scale (0-4), and the total score (range 0—-24 points) has been
used to indicate mood and anxiety disorders and severe mental
disorders. The K6 has demonstrated good internal consistency («
= 0.86)"! and is validated to screen for depressive and anxious
symptoms, with a K6 score =5 points indicating moderate
psychological distress.?3! Its screening performance for mood
and anxiety disorders in a Japanese community sample was
similar, with a K6 score =5 points showing 100% sensitivity and
68.7% specificity and a Center for Epidemiologic
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Studies-Depression scale (CES-D)?” score =16 points showing
100% sensitivity and 69.4% specificity, indicating that the K6 is an
acceptable alternative to the CES-D as an assessment tool for
epidemiological studies.?® In this study, a K6 score =5 points was
thus considered to reflect depressive symptoms.

Sleep disturbance was measured using the Pittsburgh Sleep
Quality Index (PSQI), a self-administered questionnaire for
assessing subjective sleep quality during the previous month.®
The PSQI consists of 7 components: sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbance, use of
sleeping medication, and daytime functional impairment. We
rated the PSQI on a 4-point scale from 0 to 3, and an overall score
is calculated (range 0-21 points); the higher the overall score, the
lower the subjective quality of sleep. The PSQI demonstrated
good internal consistency based on Cronbach alpha.?® The
reliability and validity of the Japanese version of the PSQI have
been confirmed,® and sleep disturbance was defined in this study
as a total PSQI score =6 points.

The participants’ status of depressive symptoms and sleep
disturbance were defined as depressive symptoms (—) and sleep
disturbance (—) for neither condition, depressive symptoms (+)
and sleep disturbance (—) for depressive symptoms alone,
depressive symptoms (—) and sleep disturbance (+) for sleep
disturbance alone, and depressive symptoms (+) and sleep
disturbance (+) for both conditions.

2.3. Assessment of chronic pain conditions

Chronic pain was assessed using questions ascertaining the
respondent’s pain lasting =3 months in the previous 12-month
period.’® Response options were “yes” and “no.” When
answering “yes,” the respondent was asked to indicate the
affected musculoskeletal sites (total of 8 areas: neck, shoulders,
elbows, wrists or hands, hips, knees, feet, and low back) on a
body diagram.'® We assessed the severity of chronic pain
subgroups based on the aspects of pain intensity, pain
distribution, and pain type. We used a subjective Numerical
Rating Scale (NRS) for the assessment of the intensity of current
pain, and based on the participants’ ratings, we classified the
individual participants’ chronic pain into mild-to-moderate (NRS
= 6) and severe (NRS = 7) pain groups based on the pain
intensity.3*

Chronic widespread pain (CWP) was initially defined as pain
present in both the left and right sides of the body as well as above
and below the waist, including the axial skeleton, according to the
1990 American College of Rheumatology (ACR) criteria for
fioromyalgia.®® However, because of a lack of detailed in-
formation, we modified this definition by omitting the condition
of bilateral presentation; CWP was thus defined as pain at all of
the following body sites: the axial skeleton (neck or low back),
upper extremity (shoulders, elbows, or wrists or hands), and lower
extremity (hips, knees, or feet). If participants did not meet this
definition, they were categorized in the non-CWP group.

We assessed the participants’ pain types by using the
painDETECT questionnaire (PD-Q).'® The PD-Q was developed
as a self-administered psychometric questionnaire to identify the
type of pain (nociceptive and neuropathic pain). The Japanese
version of the PD-Q has established validity and reliability.?? It
comprises 3 items evaluating characteristics of the gradation of
pain, the pain course pattern, and radiating pain, which
contribute to an aggregate score (range 0-38 points). In this
study, to compare purely nociceptive pain (PD-Q scores =12)
with the neuropathic component, we combined the positive
components (PD-Q score =19) and the unclear components
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(PD-Q score 13-18) with the neuropathic pain, which is referred
to as neuropathic-like pain (NeP). If participants did not meet this
definition, they were categorized as non-NeP.

2.4. Potential confounding factors

Considering the biopsychosocial model of chronic pain,® we
investigated the following variables. A questionnaire collected the
following sociodemographic characteristics: age, sex, educa-
tional level (<10 or =10 years), employment status (employed or
unemployed), subjective economic status (low or high), comor-
bidities (yes or no), current smoking (yes or no), current drinking
(yes or no), regular exercise (=3 times/week or not), living alone
(yes or no), number of communications with someone (eg, family,
relatives, neighborhood, and friends) per month (none or =1
person), and experiences of bereavement (yes or no). Comor-
bidities were confirmed by asking the participants whether they
had any of the following currently being treated: osteoporosis,
hypertension, hyperlipidemia, diabetes mellitus, stroke, and
cardiovascular disease.

2.5. Statistical analyses

Descriptive data are presented as the mean (=SD) for continuous
variables and as the frequency (percentage) for categorical
variables according to the status of depressive symptoms and
sleep disturbance. We calculated the internal consistency based
on Cronbach alpha for each of the K6 and PSQI questionnaires.
We performed the Dunnett test for group differences with the
neither condition as the reference group. We used a direct
method to calculate the age-adjusted and sex-adjusted preva-
lence of chronic pain and subgroups (pain intensity, pain
distribution, and pain type) according to the participants’
depressive symptoms and sleep disturbance status. We per-
formed multivariable-adjusted binomial logistic regression anal-
yses to investigate the association between the combination of
depressive symptoms and sleep disturbance and chronic pain.
Odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated, and the neither-condition group was regarded as the
reference group.

The multivariable model was adjusted for age, sex, education
level, employment status, subjective economic status, comor-
bidities, current smoking, current drinking, regular exercise, living
alone, number of communications with someone per month, and
experiences of bereavement. We also used a multinomial logistic
regression model to examine the association between the
combination of depressive symptoms and sleep disturbance
and chronic pain subgroups (pain intensity, pain distribution, and
pain type). We examined multiplicative interactions by using a
series of logistic regression models with a product term, and we
determined the relative excess risk due to interaction (RERI) to
investigate the presence of interactions on an additive scale of
whether the combination of depressive symptoms and sleep
disturbance poses a greater risk than the sum of their
independent effects. The RERI was calculated as the difference
between the expected value based on the addition of the ORs of 2
separate risk factors and the observed value in both conditions,
where RERI values (95% CI) > 0O indicate a synergistic effect with
depressive symptoms and sleep disturbance.?

Another multivariate analysis was conducted in a separate
model with depressive symptoms and sleep disturbance as
confounders with each other to determine whether these factors
influence the association with chronic pain. In addition, we
calculated the ORs and 95% Cils of the presence of chronic pain
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with sleep disturbance alone against depressive symptoms alone
as areference group to directly compare the effects of depressive
symptoms alone and sleep disturbance alone on chronic pain.
The data were processed using SAS software ver. 9.4 (SAS
Institute, Cary, NC). The statistical significance was defined as a
2-tailed P-value <0.05.

3. Results

Overall, 1374 participants with a mean age of 70.7 years (men: n
= 704, 51.2%; women: n = 670, 48.8%) were included in the
analyses (Table 1). The prevalence of depressive symptoms
alone was 11.1% (n = 152), that of sleep disturbance alone was
15.1% (n = 208), and that of both conditions was 10.0% (n =
138). Cronbach alpha values for the K6 and PSQl were 0.83 and
0.74, respectively. Table 1 summarizes the characteristics of the
participants according to the status of depressive symptoms and
sleep disturbance. In the both-condition group, the frequencies
of women, educational level <10 years, low subjective economic
status, and comorbidities were significantly higher. By contrast,
the frequencies of employed and regular exercise were signif-
icantly lower in the both-condition group compared with the
neither-condition group.

Among the 1374 participants, 849 individuals (61.8%) had
chronic pain, 90 (6.6%) individuals had severe pain, 128 (9.3%)
individuals had CWP, and 119 (8.7%) individuals had NeP.
Figure 1 depicts the age-adjusted and sex-adjusted prevalence
of chronic pain, pain intensity, pain distribution, and pain type
compared with the neither-condition group. The prevalence of
chronic pain was significantly higher in the depressive symptoms
alone, sleep disturbance alone, and both-condition groups
compared with the neither-condition group. The results for each
chronic pain subgroups showed a generally similar trend, but the
prevalence of non-CWP and NeP in the depressive symptoms
alone group was not significantly different compared with that of
the neither-condition group.

Table 2 provides the ORs and 95% Cls of the presence of
chronic pain according to the status of depressive symptoms and
sleep disturbance. Age-adjusted and sex-adjusted ORs for
chronic pain were significantly higher for depressive symptoms
alone, sleep disturbance alone, and both conditions compared
with the neither-condition group. These associations did not
materially change after adjusting for potential confounders,
except for depressive symptoms alone group.

In the same way, the ORs and 95% Cls by chronic pain
subgroups according to the status of depressive symptoms and
sleep disturbance are shown in Figure 2. The multivariable-
adjusted ORs for individuals in the sleep disturbance alone and
both conditions had greater ORs of having severe, CWP, and
NeP than the neither-condition group. Compared with the
participants in the neither-condition group, those in the de-
pressive symptoms alone group had a greater OR of severe pain
but not CWP and NeP.

All multiplicative interactions between depressive symptoms
and sleep disturbance on chronic pain and its severity had no
significant associations. When the RERI was calculated by using
chronic pain and its severity (ie, severe pain, CWP, and NeP),
there were no significant additive interactions (chronic pain: RERI
= —0.26, 95% Cl = —1.41 to 0.89; severe pain: RERI = 1.11,
95% Cl = —2.36t04.58; CWP: RERI = 1.13,95% Cl = —1.44 t0
4.10; and NeP: RERI = 1.77, 95% Cl = —0.95 to0 4.84).

The results of our analyses of depressive symptoms and
sleep disturbance in the separate models demonstrated that
sleep disturbance remained significantly associated with
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Characteristics of the study participants according to the status of depressive symptoms and sleep disturbance.

Overall Neither condition Depressive symptoms Sleep disturbance Both conditions
(n = 876) alone (n = 152) alone (n = 208) (n =138)
Age, y, mean (SD) 70.7 (3.0) 70.5 (3.0) 70.8 (3.1) 71.2 (2.9)* 71.2 (3.1)
Women, % 48.8 46.4 52.6 50.0 58.0*
Educational level, <10y, % 139 11.0 18.4* 19.2* 19.6*
Employment status, employed, % 35.9 38.1 355 33.2 26.8*
Subjective economic status, low, % 51.8 46.4 64.2t1 55.1* 67.7t
Comorbidities % 69.1 66.8 74.3 70.2 76.1*
Osteoporosis, % 7.9 7.0 10.5 9.1 94
Hypertension, % 42.4 422 40.8 452 41.3
Hyperlipidemia, % 30.4 29.2 30.3 29.8 38.4*
Diabetes mellitus, % 16.2 15.9 15.8 16.8 18.1
Stroke, % 4.7 3.4 7.9 6.7 58
Cardiovascular disease, % 1.4 9.9 1.2 14.4 16.7*
Current smoking, % 9.9 9.9 12.5 8.2 9.5
Current drinking, % 511 53.0 48.7 481 457
Regular exercise, =3 times/wk, % 65.1 66.6 65.1 66.0 54.7¢
Living alone, % 10.3 9.7 12.6 12.0 8.7
No. of communications with someone per 17.3 15.8 23.7* 15.4 22.5
month, none, %
Experiences of bereavement, % 46.7 454 434 495 54.4

*P<0.05.
1 £<0.001 vs neither-condition group.

chronic pain after the adjustment for depressive symptoms. By
contrast, depressive symptoms were no longer significantly
associated with chronic pain after the adjustment for sleep
disturbance (Suppl. Table S1, available at http://links.lww.
com/PR9/A169). In addition, the results of a direct comparison
of the effects of depressive symptoms alone and sleep

disturbance alone on chronic pain showed that the OR of the
presence of chronic pain tend to be higher in the sleep
disturbance alone group compared with the depressive
symptoms alone group after adjustment for confounding
factors (Suppl. Table S2, available at http://links.lww.com/
PR9/A169).
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Age-adjusted and sex-adjusted prevalence of chronic pain (A), pain intensity (B), pain distribution (C), and pain type (D) according to the status of
depressive symptoms and sleep disturbance. *P < 0.05, **P < 0.001 vs Neither-condition group. CWP, chronic widespread pain; NeP, neuropathic-like pain.
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The odds ratios and 95% confidence intervals of the presence of chronic pain according to the status of depressive symptoms and sleep

disturbance.

Neither condition

Depressive symptoms alone

Sleep disturbance alone Both conditions

No. of events 497 101 149 102

Age-adjusted and sex-adjusted 1.00 (ref.) 1.52 (1.06-2.19) 1.99 (1.43-2.77) 2.22 (1.48-3.32)
P 0.024 <0.001 <0.001

Multivariable-adjusted 1.00 (ref.) 1.40 (0.97-2.03) 1.98 (1.41-2.78) 2.12 (1.39-3.23)
P 0.075 <0.001 <0.001

The data are n-values or odds ratio (95% confidence interval) values that were computed by using binomial logistic regression analysis. The multivariable model was adjusted for age, sex, education level, employment status,
subjective economic status, comorbidities, current smoking, current drinking, regular exercise, living alone, number of communications with someone per month, and experiences of bereavement.

4. Discussion

Our findings demonstrated that the combination of depressive
symptoms and sleep disturbance was significantly associated
with higher ORs for the presence of chronic pain compared with
the neither-condition group in community-dwelling older adults,
independently of the confounding factors. Similar associations
were observed for severe chronic pain (severe pain, CWP, and
NeP). However, we did not observe a synergistic effect of
depressive symptoms and sleep disturbance on chronic pain and
its severity. In addition, the sleep—pain association was stronger
than the depression—pain association in this study.

Several research groups have reported that depressive
symptoms predicted the development of chronic pain,”*?" severe
chronic pain,'”3? CWP,'® and NeP.?* On the other hand, we
detected no association between depressive symptoms and
CWP or NeP. This discrepancy in findings between the earlier
study and the present investigation may be attributed to the fact
that the definitions of CWP and NeP differ from those of previous
studies and did not exclude sleep disturbance from the

depressive symptoms. Our present results demonstrated a
strong association when depressive symptoms were combined
with sleep disturbance compared with the neither-condition
group.

A 2013 review published in The Journal of Pain summarized
the longitudinal data on the association between sleep and
pain.'? The review revealed that a key trend emerging from
population-based longitudinal studies was that sleep disturbance
reliably predicts new incidents and exacerbations of chronic pain
(both regional and widespread). Longitudinal studies also
supported the notion that sleep disturbance was a more reliable
predictor of pain than pain is of sleep disturbance. '? Although the
earlier studies support our present observations, our study adds
the new finding that even after adjusting for confounding factors
(including social factors), sleep disturbance alone was associated
with chronic pain and its severity, and the association was much
more potent when depressive symptoms were combined.

Several mechanisms are postulated as possible pathways
linking depression, sleep, and chronic pain. Changes in central

No. of events OR (95%Cl) p-value
Pain intensity
Mild-to-moderate Neither-condition 454 [ 1.00  (ref.) _
Depressive symptoms alone 88 —— 134 (0.91-1.95) 0.135
Sleep disturbance alone 134 — 1.96  (1.39-2.77) <0.001
Both-conditions 83 —_— 1.89  (1.23-2.92) 0.004
Severe Neither—gondition 43 1.00  (ref) _
Depressive symptoms alone 13 o 213 (1.05-4.30) 0.036
Sleep disturbance alone 15 e 221 (1.12-4.36) 0.022
Both-conditions 19 445 (2.28-8.70) <0.001
Pain distribution ) -
Neither-condition 439 1.00  (ref) -
non-CWP ;
Depressive symptoms alone 84 —— 1.34  (0.92-1.97) 0.132
Sleep disturbance alone 126 —_— 193  (1.36-2.73) <0.001
Both-conditions 72 —_—— 176 (1.13-2.73) 0.012
CWP Neither-condition 58 1.00  (ref) -
Depressive symptoms alone 17 s e— 1.82  (0.97-3.40) 0.063
Sleep disturbance alone 23 —_— 240 (1.36-4.22) 0.003
Both-conditions 30 435 (2.42-7.81) <0.001
Pain type
non-NeP Neither-condition 437 1.00  (ref) -
Depressive symptoms alone 87 — 1.37  (0.94-2.01) 0.106
Sleep disturbance alone 130 —— 1.98  (1.40-2.80) <0.001
Both-conditions 76 —_—— 1.80  (1.16-2.79) 0.009
NeP Neither-condition 60 1.00  (ref.) -
Depressive symptoms alone 14 -— 1.64  (0.85-3.19) 0.143
Sleep disturbance alone 19 —_— 197 (1.07-3.62) 0.029
Both-conditions 26 - 438 (2.41-7.98) <0.001
0.00 2.00 4.00 6.00 8.00 10.00
Odds Ratio

Forest plot depicting multivariable-adjusted ORs and 95% Cls by chronic pain subgroups (pain intensity, pain distribution, and pain type) according to the
status of depressive symptoms and sleep disturbance. ORs and 95% Cls were computed by a multinomial logistic regression analysis. The multivariable model
was adjusted for age, sex, education level, employment status, subjective economic status, comorbidities, current smoking, current drinking, regular exercise,
living alone, number of communications with someone per month, and experiences of bereavement. Cl, confidence interval; CWP, chronic widespread pain; NeP,

neuropathic-like pain; OR, odds ratio.
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processes such as the descending pain inhibitory system, the
stress system, the corticothalamic network, and neuroinflamma-
tion were reported to be able to affect pain sensitivity.> 122639 A
2016 review of neurobiological factors involved in the interactions
among depression, sleep disruption, and chronic pain showed
comparable changes in the levels of serotonin, proinflammatory
cytokines, brain-derived neurotrophic factor, and other transmit-
ters in these disorders.* The results of our present analyses
demonstrated that individuals with both depressive symptoms
and sleep disturbance are at high risk of developing chronic pain
and its severity compared with the neither-condition group, but
no synergistic effect of these risk factors was observed. This
suggests that (1) much of the shared risk associated with
depressive symptoms and sleep disturbance may be accounted
for by characteristics that are intrinsic to depressive symptoms
and to sleep disturbance, and (2) the risk is less dependent on the
interaction between these psychological states.

Our study indicates that compared with depressive symptoms
alone, sleep disturbance alone seems to have a more significant
effect on chronic pain and its severity. Several mediation analyses
have examined the relationships among sleep disturbance,
depressive symptoms, and chronic pain. A systematic review of
studies on the mediation of sleep and pain showed that the
association between sleep disturbance and the onset of chronic
pain seems to be partially mediated by depressive symptoms.®®
However, an independent effect of sleep disturbance with
chronic pain remains. Several studies have shown that the
association between insomnia symptoms and chronic pain
remained even after controlling for depression,**” suggesting
that sleep and pain may be modulated beyond the effects of
depression.

This study’s results also showed that sleep disturbance
remained significantly associated with chronic pain after the
adjustment for depressive symptoms, but that depressive
symptoms were no longer a significant association after the
adjustment for sleep disturbance. We thus propose that (1)
depressive symptoms are part of the symptoms manifested
through sleep disturbance, and (2) most of the effects of
depressive symptoms on chronic pain are mediated by sleep
disturbance. Generaal et al.'® obtained evidence that an increase
in depressive symptoms over time contributes to the link between
insomnia and chronic pain and that sleep quality (but not sleep
quantity) and difficulties initiating or maintaining sleep could
worsen depressive symptoms over time.

The strengths of our study are as follows. Our analysis’ results
demonstrated that the combination of depressive symptoms and
sleep disturbance was associated with chronic pain and its
severity (severe pain, CWP, and NeP), independently of social
factors such as living alone, the number of communications with
someone per month, and experiences of bereavement. We then
examined the effects of depressive symptoms alone and sleep
disturbance alone on chronic pain and its severity separately. We
were able to identify the consequences of pure depressive
symptoms and sleep disturbance that may have been masked in
previous studies. However, when interpreting the results of this
study, some limitations need to be considered. First, the cross-
sectional design does not allow conclusions about the direction of
causality of these associations. Second, we used a reliable and
valid K6 questionnaire, but it did not constitute clinical diagnoses
of depressive symptoms. Future research should use clinical
measures of sleep quality and depression or anxiety to examine
their effects on chronic pain and its severity. Third, this study
could not examine the association of the severity of depressive
symptoms or sleep disturbance with chronic pain. Since this
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study was conducted in general community residents, there were
few subjects with severe depressive symptoms or sleep
disturbance (K6 = 13 points = 1.0%, PSQl = 9 points =
10.4%). We performed a sensitivity analysis with a more severe
cutoff value for sleep disturbances (PSQI scores = 9 points), and
the direction of our conclusions remained the same. On the other
hand, when the cutoff value for K6 was =13 points, we could not
perform a sensitivity analysis because of poor statistical power.
Fourth, the results may be underestimated because the
individuals excluded from the study (n = 215) had a significantly
higher prevalence of chronic pain compared with the individuals
included in the analysis (61.8% vs 73.0%). Fifth, we could not rule
out residual confounding effects such as trauma, emotional,
physical, and sexual abuse.” In addition, pain catastrophizing may
be a potential confounding factor explaining the association
between sleep disturbance and chronic pain.® Future studies
should examine the effects of catastrophic thoughts. Finally, the
generalizability of our findings to other age groups and populations
may be limited because the results of this study were obtained in an
older population in a Japanese community. Studies with different
age groups and ethnicities are needed to confirm the applicability of
the present results to other populations.

In summary, our study demonstrated independent and
combined associations of depressive symptoms and sleep
disturbance with chronic pain and its severity in community-
dwelling older adults. However, a synergistic effect of depressive
symptoms and sleep disturbance on chronic pain and its severity
was not observed. We suggest that depressive symptoms are
part of the symptoms manifested through sleep disturbance and
that most of the effects on chronic pain are mediated by sleep
disturbance. It is thus reasonable to speculate that (1) the
assessment of sleep disturbance (which may be a more
important driving factor compared with depressive symptoms,
particularly for CWP and NeP) is very important in efforts to
combat individuals’ chronic pain, and (2) combined interventions
for sleep disturbance and depressive symptoms will become
increasingly important to reduce the burden of chronic pain in
community-dwelling older adults.
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