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INTRODUCTION
Musculoskeletal pain is very common in the general popula-

tion.1,2 While many people recover quickly and have no further 
difficulties, musculoskeletal pain can lead to a number of other 
problems, such as psychological distress.3,4 Pain has been 
shown in prospective epidemiological studies to be a risk factor 
for the development of depression,5 with people reporting 
disabling spinal pain having over double the risk of developing 
depression.6 Evidence indicates that psychological factors such 
as depression can represent a significant barrier to recovery,7 
and psychological interventions are now part of biopsychoso-
cial treatment strategies.8,9 Therefore a reduction in the devel-
opment of depression would be an important outcome for those 
who experience pain.

The factors and mechanisms linking psychological disor-
ders such as depression with physical disorders such as pain 
are multifaceted. A model developed by Cohen and Rodriguez 
suggests biological, behavioral, cognitive, and social pathways 
by which physical disorders such as pain can lead to affective 
disturbance.10 One specific pathway they suggest is that in those 
who experience pain, sleep disturbance can lead to the develop-
ment of depression.
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There is some evidence to support this pathway. It is well 
established that sleep problems are a risk factor for devel-
oping depression independent of pain.11-13 Sleep problems are 
common in pain patients,14over half of the back pain sufferers 
in a Norwegian epidemiological study reported sleep prob-
lems, compared with less than a third of people without back 
pain.2 Furthermore, there is evidence that sleep problems 
can exacerbate pain.15,16 However, information on the time 
sequences in the causal pathways between sleep and depres-
sion in pain populations are not clear. For example, one recent 
cross-sectional study reported that sleep problems predicted 
depression in those with pain,17 whereas another case control 
study reported the opposite, with depression as a factor in the 
development of insomnia.18 Indeed two recent reviews, on sleep 
and pain, and depression and sleep problems, respectively,19,20 
reported that the establishment of cause and effect is complex, 
with evidence of bi-directionality between sleep, pain, and 
depression compounded by a lack of longitudinal research. 
Such longitudinal research is needed if appropriate timing and 
targets for interventions are to be identified.

The objective of this study was to examine the pathways 
for the development of sleep problems from prior depression 
and the development of depression from prior sleep prob-
lems in those who report persistent pain. Additionally, given 
the evidence of the role of pain severity impacting on both 
sleep problems and depression,19-21 this study also considered 
the mediating role of disabling pain (“pain interference”) 
on these pathways. Explicitly this study, among people 
who indicated the presence of persistent pain, (1) tested 
whether those who develop sleep problems have an increased 
risk of subsequently developing probable depression, (2) 
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investigated if those who develop probable depression have 
an increased risk of subsequently developing sleep problems 
and, (3) examined the role of pain interference on these two 
pathways. These hypotheses were tested in a nested cohort of 
participants with persistent pain from a longitudinal commu-
nity health survey.

METHOD

Design
This was a prospective cohort study of participants with 

persistent pain nested within a larger longitudinal commu-
nity study: the North Staffordshire Osteoarthritis Project 
(NorStOP).22 NorStOP is a prospective cohort study of general 
health, socioeconomic, and pain factors in a community sample 
of adults aged ≥ 50 years (n = 13,986). Full details of the 
NorStOP project can be found elsewhere.22,23 Briefly, contact 
details of participants were provided by 6 general practices (GP) 
in North Staffordshire.22,23 It is estimated that approximately 
98% of the UK population are registered with a GP,24 and so 
this cohort was representative of the target community. Partici-
pants were mailed health questionnaires at baseline (time 1) 
with follow-up at 3 years (time 2) and 6 years from baseline 
(time 3). Non-responders received further postal reminders at 
2 and 4 weeks after each initial mailing in all phases. Ethics 
approval was given by North Staffordshire Local Research 
Ethics Committee and Birmingham North East and Solihull 
Local Research Ethics Committee.

Participants
The pool of potential participants for the analyses in this 

current study were those who responded to questionnaires at 
all the time points and indicated the presence of pain at all the 
time points, forming a cohort with continuing (persistent) pain 
over a 6-year period; and who were free of sleep problems and 
probable depression at baseline.

Measures
The same instruments for pain, sleep problems, and probable 

depression at baseline and follow-up phases were contained 
in all the questionnaires. Data on demographic variables and 
potential confounders were also collected at baseline.

Pain
Pain presence was identified from a question on the occur-

rence of pain within the previous 4 weeks that lasted ≥ 1 day. 
Pain persistence was defined as the presence of pain at all 3 time 
points; this criterion for the definition of persistent pain has 
been demonstrated using this methodology within this cohort 
previously.25,26

Pain interference was measured using the question: “During 
the past 4 weeks how much did pain interfere with your normal 
work (including both work outside the home and homework).” 
A 5-point response scale was used: “not at all,” “a little bit,” 
“moderately,” “quite a bit,” and “extremely.” Responses were 
categorized into 2 groups for the logistic regression; “not at 
all” and “a little bit” for “no interference” with the remaining 
responses forming a “pain interference” group following 
previous studies.22,23,26

Sleep Problems
Sleep problems were measured using the Jenkins Sleep 

Questionnaire.27 The questionnaire contains 4 questions about 
sleep problems over the past 4 weeks; “having trouble falling 
asleep,” “waking up several times per night,” “having trouble 
staying asleep,” and “waking up after the usual amount of 
sleep feeling tired and worn out.” A 3-point response scale was 
used for each question: “not at all,” “on some nights,” and “on 
most nights.” Participants were classified into 2 groups; those 
who indicated no problems or problems experienced on some 
nights, and those who indicated experiencing problems on 
most nights for at least one of the questions. This definition has 
been used previously.15,28

Depression
A measure of depressive symptoms was obtained using the 

Hospital Anxiety and Depression Scale (HADS).29 The measure 
asks about the experience of the depressive symptoms over the 
past week, and consists of 7 questions to produce a scale score 
from 0-21. The measure has established reliability and validity 
in non-clinical samples. Participants were classified into 
2 groups: non-depressed (scores 0-7) and probably depressed 
(scores ≥ 8) using guidelines by the original authors.29

Demographic Factors and Confounders
Other factors collected at baseline were included as they 

have been shown to be associated with sleep problems and 
depression.5,30 Measures of age, gender, alcohol consumption 
(daily, once/twice weekly vs. once/twice monthly, once/twice 
yearly, never), smoking status (never vs. previously, current 
smoker), marital status (married vs. separated, divorced, 
widowed, cohabiting, single), employment status (employed 
vs. not working due to ill health, retired, unemployed, 
housekeeping, other), and body mass index (score ≥ 25 as 
overweight) were obtained.

Analysis
In accordance with outlined hypotheses, two analysis models 

were created. Model A tested whether having sleep problems 
increases the risk of developing probable depression with an 
examination of the mediating role of pain interference. Model 
B tested whether having probable depression increases the risk 
of developing sleep problems with an examination of the medi-
ating role of pain interference (Figure 1).

To ensure assumptions on causality were met,31 restricted 
datasets were used for both models. Model A included only 
those within the nested cohort who were not categorized as 
having probable depression or sleep problems at baseline, 
and indicated no probable depression at the time of their new 
episode sleep problems at time 2 (n = 1,106). This ensured that 
the prediction of a new onset of probable depression (i.e., at 
time 3) was not preceded by a prior onset of probable depression 
(time 1 or time 2), and that the development of sleep problems 
(at time 2) was not preceded by previous probable depression 
(at time 1). Model B followed a similar pattern, excluding those 
who reported sleep problems and/or probable depression at 
baseline and reported sleep problems at time 2 (n = 848), to 
ensure the prediction of a new episode of sleep problems at time 
3 from a new onset of probable depression at time 2.
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Cox regression was used to determine Model A (risk of 
probable depression from prior sleep problems) and Model 
B (risk of sleep problems from prior probable depression). 
Unadjusted analyses were performed on the predictor vari-
ables (i.e., Model A—Sleep problems, Model B—Prob-
able depression), then all variables, within their respective 
model, were placed in a multivariable analysis. Analysis was 
performed using STATA version 12.0 (STATA Corp). Binary 
mediation analysis was carried out on both models to test 
the role of pain interference using direct, indirect, and total 
effects, with adjustment for all confounders and demographic 
variables using STATA command “binary_mediation.”32 The 
mediation model followed guidance on mediation analysis 
with dichotomous data33; reporting coefficients between the 
independent variable and dependent variable (path c), the 
independent variable and the mediator variable (path a), 
the mediator variable and the dependent variable (path b) 
and the independent variable and the dependent variable 
adjusting for the mediation effect (path c′) as well as the 
overall proportion effect sizes (indirect effect, direct effect, 

and total effect, see Figures 2 and 3). Further analysis 
was carried out to consider the concurrent influence of the 
predictor on the outcome at the final time point (time 3). For 
Model A, Cox regression analysis was carried out to assess 
the influence of sleep problems at time 3 on probable depres-
sion at time 3, adjusted for sleep problems at time 2 as well 
as adjustment for age, gender, marital status, employment 
status, alcohol intake, smoking status, and BMI at baseline. 
A similar analysis was carried out for Model B, considering 
the influence of probable depression at time 3 on sleep prob-
lems at time 3 while adjusting for time 2 depression and the 
other baseline variables.

Missing value analysis was carried out on missing data 
above 5%, testing for significant differences on key vari-
ables between those who responded with full data and those 
who did not.

RESULTS
Baseline characteristics for the nested persistent pain cohort 

(n = 2,622) are described in Table 1. Prevalence rates for the 

Figure 1—Mediation models.

Cohort
Persistent pain (pain at all 

time points)
No probable depression 
and no sleep problems 

(Time 1)

Cohort
Persistent pain (pain at all 

time points)
No probable depression 
and no sleep problems 

(Time 1)

Model A: Prediction of probable depression from sleep problems mediated by pain interference

Predictor
New onset sleep 

problems (Time 2)

Predictor
Probable depression 

(Time 2)

Outcome
Probable depression 

(Time 3)

Outcome
New onset sleep 

problems (Time 3)

Mediator
Pain interference

(Time 2)

Mediator
Pain interference

(Time 2)

Model B: Prediction of sleep problems from probable depression mediated by pain interference

Figure 2—Mediation model on the association of sleep problems with 
later probable depression mediated by pain interference. Mediation model 
adjusted for age, gender, marital status, employment status, alcohol 
intake, smoking status, and body mass index. *P < 0.05, **P ≤ 0.001. 
RR, relative risk.

Sleep problems

Pain interference

Probable depression

(path a) 1.65RR**

(path c) 3.47RR**

(path c′) 3.01RR**

(path b) 2.08RR*

Figure 3—Mediation model on the association of probable depression 
with later sleep problems mediated by pain interference. Mediation model 
adjusted for age, gender, marital status, employment status, alcohol 
intake, smoking status, body mass index. *P < 0.05, **P ≤ 0.001. RR, 
relative risk.

Probable depression

Pain interference

Sleep problems

(path a) 2.13RR**

(path c) 2.32RR**

(path c′) 1.89RR*

(path b) 1.53RR*
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key variables (probable depression, pain interference and sleep 
problems) were similar to baseline rates, and remained relatively 
stable at follow-up; probable depression, time 2 (21.7%) and 
time 3 (22.3%); pain interference, time 2 (57.0%) and time 3 
(55.7%); and sleep problems, time 2 (49.6%) and time 3 (49.8%).

Prediction of Probable Depression by Sleep Problems Mediated 
by Pain Interference

For Model A (n = 1,106), the incidence of a new onset of 
probable depression (time 3) was 4.7%. Results for the unad-
justed regression model show sleep problems at time 2 were 
associated with an increased risk of probable depression at 
time 3 (RR 2.85, 95% CI 1.62 to 5.02) compared to those who 
reported no sleep problems at time 2. The multivariable model 
(adjustment for baseline age, gender, marital status, employ-
ment status, alcohol intake, smoking status, and body mass 
index) showed that sleep problems more than trebled the risk of 
later probable depression (RR 3.47, 95%CI 1.97 to 6.03).

As shown in Figure 2, all coefficients are significant within 
the mediation model, indicating significant associations 
between all variables and also indicating the significant media-
tion effect of pain interference. Effect sizes for this mediation 
show that the indirect effect of sleep problems mediated by pain 
interference (0.04) is substantially smaller than the direct effect 
(0.26), indicating that pain interference, although significant, 
does not markedly contribute to the pathway between sleep 
problems and later probable depression. The overall total effect 
(r = 0.3) can be considered a medium effect size.34

Prediction of Sleep Problems by Probable Depression Mediated 
by Pain Interference

For Model B (n = 848) the incidence of sleep problems at 
time 3 is 18.1%. Unadjusted analysis shows probable depres-
sion (time 2) more than doubled the risk (RR 2.29, 95% CI 
1.36 to 3.85) of development of sleep problems (time 3) 
compared to those who were categorized as having no prob-
able depression. The multivariable model showed that adjust-
ment made no marked difference to the risk estimate (RR 2.32, 
95%CI 1.44 to 3.33).

Figure 3 shows the mediation analysis for Model B. All path 
coefficients are significant within the mediation model, indi-
cating significant associations between all variables and the 
presence of a significant mediation effect. Effect sizes for this 
model show that the indirect effect of depression on the devel-
opment of sleep problems, mediated by pain interference (0.03), 
is considerably smaller than the direct effect (0.12), indicating 
that pain interference plays a significant but minor role in the 
pathway. The total effect of the model is (r = 0.15), which can 
be considered a small effect size.34

Further analysis of the concurrent influence of sleep problems 
at time 3 on probable depression status at time 3 (Model A), 
while adjusting for sleep problems at time 2 and baseline vari-
ables (age, gender, marital status, employment status, alcohol 
intake, smoking status, and BMI), show that of those with prob-
able depression, 53.2% also have sleep problems, compared to 
a rate of 24.6% in those without probable depression. Regres-
sion analysis shows concurrent sleep problems lead to over 
a doubling of risk for probable depression (RR 2.14 95% CI 
1.07 to 4.28), over and above the influence of sleep problems on 
probable depression at time 2. Similar analysis on the influence 
of concurrent probable depression on sleep problems at time 3 
(Model B) show that of those with sleep problems, 14.2% have 
probable depression compared to 3.9% of those without sleep 
problems. Regression analysis shows a more than doubling of 
the risk of sleep problems from concurrent probable depression 
(RR 2.49, 95% CI 1.37 to 4.49) over and above the influence of 
probable depression status at time 2.

Missing Values Analysis
Missing value analysis showed that only the Sleep Problems 

scale incurred item non-response above 5% (actual 6.2% at 
time 2, and 9.5% at time 3). Results of χ2 testing on missing 
item response showed that those who did not respond to the 
sleep questions at time 2 were less likely to report baseline 
pain interference (49% vs. 57%), and at time 3 were less likely 
to report baseline depression (17% vs. 22%). There were no 
significant differences found on any other variables. Complete 
case analysis was performed due to the low level of missing 
data in this cohort.

DISCUSSION
This study is the first to test, prospectively, the effect of new 

onset sleep problems on the later development of probable 
depression in those with persistent pain. The findings support 
the hypothesis that sleep problems increase the risk of future 
depression in those who report pain. However, the findings 
also show that people classified as probably depressed have 
increased risk of future onset of sleep problems. Regression 
analysis showed that a new episode of sleep problems more than 
trebles the risk of the later development of probable depression. 
Mediation analysis shows that the pathway of sleep to probable 
depression is stronger in effect size than the pathway of prob-
able depression leading to new episode sleep problems. On both 
pathways, pain interference has a significant but minor role.

Comparison with Existing Literature
Two recent studies considered the link between pain, sleep 

problems, and depression, albeit with differing designs to 

Table 1—Baseline characteristics and prevalence figures

Baseline characteristics Number (%)
Gender (Female) 1,518 (57.9%)
Age Group 

50-59 1,045 (39.9%)
60-69 1,008 (38.4%)
70-79 483 (18.4%)
80+ 86 (3.3%)

Probable depression 559 (21.6%)
Pain interference 1,474 (57.0%)
Sleep problems 1,157 (45.7%)
Married 1,862 (71.6%)
Employed 799 (31.3%)
Alcohol use (frequent) 1,504 (57.9%)
Smoker/previous smoker 1,470 (56.5%)
Body mass index (overweight) 1,709 (67.2%)
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this current study (e.g., cross-sectional, case-control, respec-
tively).17,30 Both studies show similar direction of increasing 
sleep problems with increasing depression, although both 
studies report stronger direct effect coefficients for the pathway 
of sleep to depression than this study. One reason may be that 
those studies used clinical pain populations where the associa-
tions are likely to be stronger. However, our study was also 
exclusively concerned with the subsequent onset of probable 
depression in persons with new sleep problems in a persis-
tent pain cohort. So, because the current study used restricted 
samples (i.e., we removed participants who reported sleep prob-
lems or probable depression at baseline to ensure new episode 
development of the predictor), this may have provided a more 
accurate estimate of the overall effect compared to when preva-
lent as well as incident sleep problems are considered.

Strengths and Weaknesses
A major strength of this study is the prospective longitudinal 

design, which has enabled the establishment of a clear time 
sequence between sleep and depression in those with persistent 
pain. We are unaware of any other study which has considered 
such relationships prospectively within a persistent pain cohort. 
This study’s design overcomes some of the current criticisms 
of previous cross-sectional designs, where cause and effect are 
less clear.35 In addition, the time sequence design has helped to 
address the caution noted by Harman et al.,36 that there is a need 
to consider concurrent depression when assessing sleep prob-
lems. This is especially true as sleep problems are considered as 
a key diagnostic marker of depression.13,37,38 A further strength 
is the large sample size and the general population sample 
which enables generalizability for those in the community. A 
limitation is the subjective measurement of sleep problems, 
with objective (polysomnography, actigraphy) and subjective 
(questionnaire, interview, sleep diaries) methodology being 
preferred.19 However this would not be feasible in such a large 
epidemiologic study. Future studies would benefit from a greater 
exploration of the effect of pain interference or pain intensity on 
sleep, with more focused questions directly linking pain to sleep 
function both in terms of pain effects specifically during night 
activities and also reciprocal effects on next day functioning on 
the perception of pain.19 Another limitation is the time period 
between follow-up points (3 years), which could be consid-
ered as large. It is possible that key variables of interest (e.g., 
sleep problems, depressive symptoms, pain interference) could 
have developed and abated, prior to or after each follow-up. 
However, given the relative stability of the prevalence rates of 
the key variables at all time points, this seems unlikely. It is also 
true that while all participants within this cohort have indicated 
the presence of pain at all time points, they may have had pain-
free episodes at any of the periods before and after responding. 
Nevertheless, previous research has used such categorizations 
of pain presence over time as a marker for persistent pain,26 and 
therefore we believe the findings have clinical relevance.

A key aim of this study was to test the hypothesis put forward 
by Cohen and Rodriguez10 that, in those with pain, one pathway 
to depression is through sleep problems. We chose an analysis 
model that utilized validated cutoff points to identify those with 
probable depression and those with significant sleep problems. 
While clinically useful (e.g., identification of subgroups who 

may benefit from treatment), the use of cutoffs may have missed 
important changes for individuals within those categories (e.g., 
someone just over the threshold of probable depression who 
subsequently has much higher levels of depressive symptoms). 
While we have included possible confounders (age, gender, 
alcohol use, marital status, employment status),5,30 we were 
unable to adjust for other potentially important factors (caffeine 
intake, comorbidity, life events, race, social class, medication 
use), which may have influenced our findings.39,40 The original 
cohort, from which this nested cohort has come, experienced 
loss to follow-up.26 While this may affect the overall propor-
tions of the key variables in this nested cohort, we do not believe 
it will distinctly alter the association effects, given the stability 
of the key variables at all time points. It is possible, of course, 
that similar relationships would be found between sleep and 
depression in non-pain cohorts, and that there is nothing unique 
or specific about our findings in relation to the problem of pain. 
However, given the abundant evidence about the higher rate of 
sleep problems in pain patients, the independent effects of pain 
interference increasing risk of both sleep problems and probable 
depression, and the barrier to the active management of chronic 
pain represented by the development of depression, the asso-
ciations we have uncovered here are of particular relevance and 
importance to the management of patients with persistent pain.

Clinical Relevance
The dual hypotheses tested within this study show the 

bi-directional relationship between sleep and depression, with 
both being predictive of each other. This confirms evidence 
from other longitudinal designs in non-pain populations.40,41 Our 
findings do show an additive effect of pain interference on the 
pathway of sleep to probable depression, and vice versa, but 
this effect is small. It may be, as other evidence has shown, that 
having pain increases the chance of developing either depression 
or sleep problems.6,7 Indeed, from our results, pain interference 
is shown to have independent associations with both sleep and 
probable depression, doubling the risk of future probable depres-
sion (Figure 2) and increasing risk of future sleep problems by 
over 50% (Figure 3). But once either condition (probable depres-
sion, sleep problems) is established, pain interference does not 
markedly mediate the pathway between the two. Moreover as 
the further analysis of concurrent influence of predictor vari-
ables has shown (i.e., concurrent sleep problems for Model A, 
concurrent probable depression for Model B), levels of effect are 
maintained. This finding suggests a compounding effect of sleep 
problems or depression on each other, which once established 
(both sleep problems and depression) may make treatment more 
complex. This therefore highlights the benefit of identifying and 
treating comorbidity such as this for those with persistent pain 
before additional problems arise. Also important is the finding 
that the total effect of sleep problems on the development of 
probable depression is considerably stronger than the effect of 
probable depression on sleep problems for those who report 
persistent pain. This has clinical implications: the clinician may 
wish to enquire about sleep problems experienced by their pain 
patients and consider treatment suited to address this. This might 
be a more acute issue for those actively seeking treatment (i.e., 
clinical population) compared to this population cohort. Tang and 
colleagues have shown high rates (> 50%) of clinical insomnia in 
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those with clinical levels of chronic back pain.18 There is evidence 
that cognitive behavioral treatments of sleep disorders can be 
helpful in alleviating pain35 and can alter and reduce the severity 
of depression.13,42 It may be beneficial for clinicians involved in 
the treatment of those with persistent pain to consider and treat 
sleep problems alongside pain management.

CONCLUSION
This prospective longitudinal study has shown that a large 

proportion of those with persistent pain report sleep problems 
and depressive symptoms. Results show that prior sleep prob-
lems treble the risk of developing a probable case of depression. 
Clinicians may wish to consider treatment options that involve 
addressing sleep problems for those with persistent pain.
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