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Abstract
Pain and depression are the most prevalent physical and psychological symptom-based disorders,
respectively, and co-occur 30–50% of the time. However, their reciprocal relationship and
potentially causative effects on one another have been inadequately studied. Longitudinal data
analysis involving 500 primary care patients with persistent back, hip or knee pain were enrolled
in the Stepped Care for Affective Disorders and Musculoskeletal Pain (SCAMP) study. Half of the
participants had comorbid depression and were randomized to a stepped care intervention (n =
123) or treatment as usual (n = 127). Another 250 nondepressed patients with similar pain were
followed in a parallel cohort. Outcomes were assessed at baseline, 3, 6, and 12 months. Mixed
effects model repeated measures (MMRM) multivariable analyses were conducted to determine if
change in pain severity predicted subsequent depression severity, and vice-versa. Change in pain
was a strong predictor of subsequent depression severity (t-value = 6.63, p < .0001). Likewise,
change in depression severity was an equally strong predictor of subsequent pain severity (t-value
= 7.28, p < .0001). Results from the full cohort were similar in the clinical trial subgroup. In
summary, pain and depression have strong and similar effects on one another when assessed
longitudinally over 12 months.
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Introduction
Pain and depression are the most common physical and psychological symptom-based
conditions, respectively, with co-occurrence rates of 30–50%.4,26,40 Moreover, the
comorbidity of these two common and frequently chronic conditions has an additive adverse
impact on quality of life, disability, and response to treatment.2,8,12,20,25,42 While the
intimate linkage between pain and depression is well-established, the cause-effect
relationship between these two pervasive conditions and its directionality is still being
defined. A literature synthesis published in 1997 found greater evidence for depression
being a consequence of pain rather than an antecedent.13 However, many of the studies
available at that time were cross-sectional.

Several longitudinal studies published in the past decade have provided suggestive evidence
for adverse influences of pain and depression on one other.5,14,15,17,39,49 However, only 3
studies15,17,49 have been conducted in actual patient samples, which are the most clinically
relevant group; while pain is highly prevalent in the general population, only a subset of
individuals are bothered enough to seek health care for their pain. Moreover, only one
clinical17 and two community-based studies14,16 used multiple follow-up assessments of
pain and depression with repeated measures analysis which is a more appropriate method for
establishing longitudinal associations. Establishing whether antecedent severity or change of
an independent variable predicts the subsequent level of a dependent/outcome variable is a
particularly important step in moving beyond mere association towards a potentially cause-
effect relationship. In this paper, we analyze data from 500 patients enrolled in the Stepped
Care for Affective disorders and Musculoskeletal Pain (SCAMP) study.27 SCAMP included
250 primary care patients with chronic musculoskeletal pain and comorbid depression
enrolled in a clinical trial and an additional 250 patients with similar pain but no depression.
Our hypothesis is that over 12 months pain and depression will exhibit predictable
influences on one other. Specifically, we postulate that changes in pain severity at an earlier
time point predicts subsequent depression severity as well as the converse, i.e., changes in
depression severity at an earlier time point predict subsequent pain severity.

Methods
Participant Enrollment

Details of the SCAMP study have been previously described.27 Figure 1 outlines the
participant enrollment and follow-up in SCAMP. Briefly, a total of 500 patients with chronic
musculoskeletal pain were enrolled and followed for 12 months. Patients were recruited
from two primary care clinical systems in Indianapolis: the Indiana University Medical
Group Primary Care system (6 community-based clinical sites were used) and the Richard L
Roudebush Veterans Administration Medical Center 5 general medicine clinics.
Recruitment occurred from January 2005 to June 2007 and follow-up concluded in June
2008. The 250 patients with comorbid depression participated in a randomized clinical trial
of optimized antidepressant therapy and pain self-management, the results of which have
been previously published.23 All 500 subjects underwent identical outcome assessments at
baseline, 3 and 12 months by research assistants blinded to study arm. All subjects provided
written consent, and the study was approved by the Indiana University Institutional Review
Board.

To be eligible, patients had to have pain: (a) located in the low back, hip or knee; (b)
persistent for 3 months or longer despite conventional analgesic treatment, defined as prior
use of at least two different analgesics; and (c) at least moderate in severity, defined as a
Brief Pain Inventory score of 5 or greater.6,50 Patients were classified as depressed if they
had a PHQ-9 score ≥10 and endorsed depressed mood and/or anhedonia. More than 90% of
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patients fulfilling this PHQ-9 criterion have major depression or dysthymia, and the
remaining patients have clinically significant depression with substantial functional
impairment.30,29 Patients were classified as nondepressed if they had a PHQ-9 score ≤ 7.
Those with scores of 8 or 9 were not enrolled in the study in order to create clearer
separation from the depressed (PHQ-9 ≥ 10) and nondepressed (PHQ-9 ≤ 7) groups.

Outcome Measures
All baseline and follow-up outcome assessments were conducted by a research assistant
blinded to group assignment and patient’s depression status. Pain severity was assessed with
the Graded Chronic Pain Scale (GCPS), which ranges from 0 to 100, with scores of 40 to 60
representing moderate pain and 70 or greater severe pain.46 Depression severity was
assessed, as a primary outcome, with the 20-item Hopkins Symptom Checklist (HSCL-20)
which has established sensitivity to change36 and is widely used in effectiveness trials of
depression in primary care.10,19,30,45,47 Depression diagnoses were established with the
PRIME-MD, which categorizes individuals into 3 DSM-IV diagnostic subgroups: major
depression, dysthymia, and other depression.43

Analysis
We postulated that change in pain severity would predict subsequent depression severity,
and that change in depression severity would predict subsequent pain severity. Thus, we ran
two models: the first in which a preceding change in pain severity was the predictor variable
and subsequent depression severity the outcome variable, and the second in which a
preceding change in depression severity was the predictor variable and subsequent pain
severity the outcome variable (Figure 2) Each model was run in 3 steps: 1) unadjusted (i.e.,
predictor variable only); 2) adjusted for the covariates of age, sex, race, pain location (back
vs. hip/knee), study site (university vs. VA clinics), and time in months since baseline
assessment; and 3) fully adjusted for covariates plus the baseline value of the outcome
variable. We used multivariable mixed effects models for repeated measures (MMRM) to
assess the longitudinal relationship between pain and depression as well as time (i.e.,
timepoints of 0, 3, 6, and 12 months). Unlike traditional regression models, MMRM is able
to accommodate the correlation structure among outcomes measured within the same
subject. MMRM allows repeated measures from the same subject to share a common
random effect. Thus, MMRM may represent a better fit model than the population-averaged
models such as generalized estimating equations (GEE) analysis.

The sample for our primary analysis comprised the full sample of 500 subjects. To test the
robustness of our results, we also ran secondary models with the clinical trial group (n =
250) and the nondepressed cohort (n = 250) as well as the intervention (n = 123) and control
(n = 127) arms of the clinical trial. The primary analysis conducted in the full sample used 3
time points in the models since the 250 nondepressed patients had assessments at baseline,
3, and 12 months. The secondary analyses conducted in the clinical trial group and its two
treatment arms used 4 timepoints since the trial had the relevant pain and depression
assessments at baseline, 3, 6, and 12 months. The magnitude of reciprocal effects between
pain and depression were expressed as standardized effect sizes.21 The effect size was
calculated as the amount of change in the dependent variable (e.g., subsequent depression
severity) predicted by a particular unit of change in the predictor variable (e.g., antecedent
change in pain severity) divided by the standard deviation at baseline of the outcome
variable. Analyses were performed using SAS Version 9.1 (SAS Institute, Cary, North
Carolina).
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Results
Study Participants

The mean age of the study sample was 59 years; 52% were women; 58% were white, 38%
black, and 4% other (Table 1). Regarding education, 27% had less than a high school
education, 36% had completed high school only, and 37% had completed at least some
college or trade school. The site of pain was the back in 55% of subjects and the hip or knee
in 45%. The university clinics accounted for 60% of enrollment and the VA clinics for 40%.
Pain severity was moderately severe as indicated by a GCPS pain severity score of 69.1 (on
this scale, 40 to 60 represents moderate pain and 70 to 100 represents severe pain). By
design, SCL-20 scores were significantly higher in the 250 depressed patients, with their
mean score of 1.89 representing a moderately severe level of depression. Among the 250
depressed subjects, 74.8% met DSM-IV criteria for major depression, 20.8% for dysthymia
only, and 4.4% for minor depression.

Cross-Sectional Association between Changes in Pain and Depression
There was a moderate correlation (all P values < .0001) between change in GCPS pain
severity and change in HSCL-20 depression severity from baseline to 3 months (r = .26),
from 3 months to 6 months (r = .37), and from 6 months to 12 months (r = .28).

Longitudinal Association between Changes in Pain and Depression
Results of the MMRM multivariable modeling summarized in Table 2 confirm that a
preceding change in pain severity was a strong predictor of subsequent depression severity
and, conversely, a preceding change in depression severity was a strong predictor of
subsequent pain severity. Several findings should be emphasized. First, the parameter
estimates are positive, indicating that worsening in one variable predicts subsequent greater
severity of the other, and improvement predicts less severity. In other words, worsening pain
during a preceding time interval predicts more severe depression, and pain improvement
predicts less severe depression. Likewise, depression change has a similar predictive
relationship to subsequent pain. Second, antecedent changes in pain and depression had
comparable effects on one another as reflected in the similar magnitude of the t-values.
Third, adjusting for covariates as well as the baseline value of the outcome variable did not
substantially reduce the parameter estimates. Fourth, model results from the primary
analysis in the full sample of 500 subjects did not change in the secondary analyses run in
the 250 clinical trial participants, the 250 nondepressed cohort participants, or the
intervention (n = 123) or control (n = 127) arms of the trial. Since the intervention itself
reduced pain and depression in the clinical trial,23 our similar findings for the intervention
and control arms suggest that pain change and depression change predict outcomes
independent of treatment group.

Magnitude of Reciprocal Effects between Pain and Depression
The baseline SD of the HSCL-20 in the full sample is 0.845, and the baseline SD of the
GCPS is 16.8. Using the parameter estimates from the full model in Table 2, an antecedent
10 point change in GCPS pain severity predicts a subsequent change in HSCL-20 depression
severity of .043 (i.e., the parameter estimate of .0043 multiplied by 10). Previous research
suggests that a 2 to 3 point change in pain on a 0 to 10 scale numeric rating scale represents
a clinically important difference at the patient level11, which would correspond to a 20 to 30
point change on the 0 to 100 GCPS scale. Thus, a 20 to 30 change in GCPS pain severity
predicts a subsequent HSCL-20 change of .086 to .129, corresponding to an effect size of .
10 (.086/.0845) to .15 (.129/.845). Similar calculations show that a 0.5 antecedent change in
HSCL-20 depression severity, often considered clinically significant31, predicts a
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subsequent GCPS change of 3.64 (i.e., the parameter estimate of 7.28 multiplied by 0.5), or
effect size of .22 (3.64/16.8).

Effects of Other Covariates on Subsequent Pain and Depression Severity
Not surprisingly, all models also showed that baseline severity of the outcome variable was
a strong predictor of the outcome, i.e., those with more severe pain at baseline had greater
pain severity at follow-up (P < .0001) and those with more severe depression at baseline had
greater depression severity at follow-up (P < .0001). What is notable is that the predictor
variables (pain change and depression change) remained highly significant even after
controlling for baseline severity of the outcome variable.

The time in months since the baseline assessment had an independent association with
reduced pain severity in the full sample (P < .0001) as well as most subgroups including the
clinical trial group (P = .001), the nondepressed cohort (P = .003), and the intervention arm
(P < .001); only the control arm showed no association (P = .36). In contrast, time was
independently associated with depression severity only in the full sample (P < .001) and the
nondepressed cohort (P < .0001) where the passage of time was associated with increased
depression severity. This is likely due to a floor effect in that those nondepressed patients
who change over time are more likely to show increased scores on a depression measure
since their scores were already low at baseline. Of note, the SCAMP intervention itself
produced improvement in both pain and depression severity as reported in the main results
from our trial;23 thus; the findings reported above are the effects of time independent of the
beneficial effects related to the intervention.

Only one other covariate (clinic site) had any predictive relationship with outcomes:
enrollment from the community-based clinics serving a lower socioeconomic urban
population (compared to enrollment from the VA clinics) predicted worse future pain (but
not depression) in the full sample model and all subgroup models except the intervention
group. Neither gender, age, race, or pain location (back vs. hip/knee) were independent
predictors of subsequent pain or depression severity.

Discussion
Earlier reviews had concluded that chronic pain was a risk factor for subsequent depression
but were inconclusive regarding depression as a risk factor for pain.9,13 However, our study
findings add to the handful of longitudinal studies which support an equal adverse influence
of pain and depression on one another. At the same time, pain and depression are
independent conditions, since half to two-thirds of patients suffer from one but not the other.
Still, their frequent co-occurrence coupled with their adverse influences on one another
strengthens the case for a coordinated approach to recognition and management.

Table 3 summarizes the previous longitudinal studies along with our current study. Four of
the 8 studies assessed patients just at baseline and a single follow-up point. The other 4
studies used a repeated measures analytic strategy incorporating multiple follow-up
assessment points. Three of these 4 studies confirmed the reciprocal relationship between
pain and depression. Our use of MMRM analysis helps to establish within-subject
associations between pain and depression, in contrast to GEE which assesses group average
associations.32,34 Moreover, our examination of how antecedent change in one condition
predicts subsequent severity of the other condition makes an even stronger case for a
bidirectional causative relationship between pain and depression.

One of the 4 studies with repeated measures analysis used path analysis instead of MMRM
as the principal analytic strategy.16 In addition to pain and depression, fatigue and pain-
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specific disability were also entered into the path analysis. The conclusions from this study
were more nuanced. First, pain did predict subsequent depression but these effects appeared
to be mediated through fatigue and pain-specific disability. Second, depression and fatigue
had strong effects on one another. Third, fatigue and pain-specific disability (but not
depression) predicted subsequent pain. One must be cautious in directly comparing findings
from this study with our results generated by MMRM and the two studies using GEE, since
path analysis uses a quite different analytic framework than MMRM and GEE. More
fundamentally, the inclusion of fatigue and pain-specific disability as explanatory variables
in models examining the pain-depression dyad is debatable. Fatigue is not only a core
symptom of depressive disorders but the two conditions have strong reciprocal relationships.
Moreover, disability is powerfully influenced by both depression and pain. Including a pain-
specific disability measure may not yield the same results as including a more general
disability measure that is sensitive to the influences of both pain and depression. Using a
general disability measure, Geerlings did not find that disability mediated the pain-
depression relationship.14 What is clear from Table 3 is that all 8 longitudinal studies using
disparate patient populations, pain and depression measures, analytic strategies, and
adjustment for different confounders confirm that current pain or pain change predicts future
depression, while 7 of the 8 studies confirm that current depression or depression change
predicts future pain.

A variety of factors have been postulated to explain the pain-depression relationship. With
respect to physiological explanations, both nociceptive and affective pathways coincide
anatomically.4,9 Also, norepinephrine and serotonin, which are central in the
pathophysiology of mood disorders, are also involved in the gate-control mechanism of
pain. Recent research is exploring polymorphisms in pain-mood candidate genes as a
potential etiological factor.38 Affective disorders may result in heightened attention towards
painful stimuli.9,48 Maladaptive coping skills, low self-efficacy, and other cognitive-
behavioral factors may play mediating roles.7,9,48 There may be “third factors” common to
both conditions (e.g., greater physical comorbidity, lower socioeconomic status) that may
serve as predisposing or accentuating factors.33 A fuller discussion of potential mechanisms
are discussed in detail elsewhere.4,9,13,38,48

Strengths of our study include the diverse and clinically complex nature of our sample (i.e.,
patients with clinical pain and depression were studied), a reasonably large sample size, and
repeated assessment with standardized measures over 12 months. Several limitations should
also be acknowledged. While we had a good distribution of depression severity due our
sampling procedures, all patients had pain of at least moderate severity. Thus, pain severity
had a more restricted distribution than depression severity. However, the follow-up
depression and pain scores in the 3 groups (Table 1) as well as standard deviations confirm
there was a spectrum of change for both pain and depression represented in the full sample.
Second, the 250 depressed patients in SCAMP participated in a randomized clinical trial
whereas the 250 nondepressed patients were assessed in an observational fashion. However,
the fact that our results were similar in the clinical trial sample, its two treatment arms, and
the full sample of depressed and nondepressed subjects, somewhat ameliorates concerns
about confounding by an intervention effect.

A third study limitation is our lack of a separate patient-rated global measure for both pain
and depression; therefore, we could not categorize patients as improved, unchanged, or
worse by an independent measure. Using cutpoints on the continuous pain and depression
measures to operationally define categories would be problematic since equal percentage
changes in depression and pain may not be clinically equivalent, the percent changes might
differ (i.e., be asymmetric) for clinically significant improvement vs. worsening, and the
boundaries for cutpoints between improved, unchanged, and worse would be somewhat
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arbitrary. Had our study included patient-rated global categories of improved, unchanged,
and worse, we could have examined whether the effects of worsening and improvement are
equivalent. For example, it is possible that worsening in pain has a greater magnitude of
effect on subsequent depression than improvement. Fourth, both pain and depression in our
sample was predominantly chronic in nature, and our analyses therefore tended to pick up
changes in pain and depression severity more often than the incidence of either symptom-
based condition. At the same time, both pain and depression are chronic and/or recurrent in
many patients, exhibiting a waxing and waning pattern of severity rather than a dichotomous
“on-off” clinical course. To this end, our findings in patients with clinical pain and
depression complement results from longitudinal epidemiological studies which have
examined pain and depression as risk factors for the incidence of one another.

In summary, our findings coupled with recent longitudinal clinical and epidemiological
studies highlight the importance of investigating pain and depression as fellow travelers,
both when caring for patients and conducting research. More often than not, their presence
and severity should be assessed jointly rather than singly, and the detection of one should
trigger a search for the other for several reasons. First, the presence of both pain and
depression is associated with substantially greater disability than the presence of either
condition alone.2,4 Additionally, the presence of both conditions increases health care use
and costs.1 Second, analyses of clinical trials and other longitudinal studies have shown that
the presence of pain may reduce the effectiveness of treatment targeted at depression and,
similarly, the presence of depression may reduce the response of pain to therapy.3,28,35,37,44

The MMRM results of our trial as well the GEE results in the trial by Hurwitz et al17

showed that the amount of pain change predicted subsequent depression severity, and vice-
versa, even after controlling for intervention effects. Since the comorbidity of pain and
depression is 30–50%, failure to recognize one condition while treating the other may result
not only in added morbidity from the unrecognized condition but also suboptimal outcomes
in the condition being targeted for treatment.

Screening is facilitated by the development of brief measures that are effective for both
detecting and monitoring pain and depression.22,24,41 Even if screening for both conditions
is not initially performed, the failure of either pain or depression to respond adequately to
treatment should prompt screening for the other member of the dyad. Some treatments may
be effective in both conditions (though not always to the same degree), such as
antidepressants and cognitive-behavioral therapy.18 In other cases, symptom-specific
treatments (e.g., optimized analgesic therapy, pain self-management programs, referrals to
pain specialists or mental health professionals) may be necessary if the persistence of one
condition is interfering with the amelioration of the other. Future research should continue to
clarify both biological and other mechanisms underpinning the interdependency of pain and
depression. Meanwhile, clinical care may be enhanced by joint attention to pain and
depression rather than an either-or approach.
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Perspective

This study strengthens the evidence for a bidirectional and potentially causative influence
of pain and depression on one another. A change in severity of either symptom predicts
subsequent severity of the other symptom. Thus, recognition and management of both
conditions may be warranted, particularly when treatment focused on one condition is not
leading to an optimal response.
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Figure 1.
Flowchart of participants in the SCAMP trial. The reasons for patients not being assessed at
3-, 6-, and 12-month follow-up interviews included dropping out from the study, being
unavailable for interviews, or being lost to follow-up.
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Figure 2.
Longitudinal analysis framework for examining whether change in pain severity predicts
subsequent depression severity (Model A) and whether change in depression severity
predicts subsequent pain severity (Model B).
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Table 1

Characteristics of the 500 Subjects Enrolled in SCAMP Study

Characteristic Depressed Intervention Arm
(N=123)

Depressed Control Arm
(N=127) Non- depressed (N=250)

Age, mean (SD) age, yr 55.2 (12.6) 55.8 (11.0) 62.5 (14.1)

Women, n (%) 69 (56) 63 (50) 127 (51)

Race, n (%)

 White 75 (61) 76 (60) 140 (56)

 Black 42 (34) 49 (39) 100 (40)

 Other 6 (5) 2 (2) 10 (4)

Education, n (%)

 Less than high school 28 (23) 32 (25) 65 (26)

 High school 54 (44) 48 (38) 78 (31)

 At least some college or trade school 41 (33) 46 (37) 107 (43)

Married, n (%) 48 (39) 44 (35) 97 (39)

Clinical site, n (%)

 University clinics 73 (59) 75 (59) 152 (61)

 Veteran Administration (VA) 50 (41) 52 (41) 98 (39)

Pain location, n (%)

 Back 76 (62) 75 (59) 126 (51)

 Hip or knee 47 (38) 52 (41) 122 (49)

Median duration of pain, yr 8 10 10

Mean (SD) no. of medical diseases 2.74 (1.56) 2.65 (1.42) 2.62 (1.39)

Mean (SD) HSCL-20 depression severity *

 Baseline 1.83 (0.66) 1.94 (0.65) 0.69 (0.53)

 3 months † 1.04 (0.62) 1.74 (0.70) 0.63 (0.47)

 12 months † 1.14 (0.69) 1.68 (0.75) 0.80 (0.61)

Mean (SD) GCPS pain severity *

 Baseline 72.7 (17.6) 72.8 (15.4) 65.4 (16.2)

 3 months † 66.9 (21.4) 75.9 (16.7) 68.3 (17.9)

 12 months † 67.8 (25.0) 74.7 (17.5) 66.8 (20.0)

*
HSCL-20 = Hopkins Symptom Checklist 20-item depression scale (score range, 0 to 4). GCPS = Graded Chronic Pain Scale (score range, 0 to

100)

†
Number of intervention, control, and nondepressed subjects evaluated was 113, 119, and 238 at 3 months, and 102, 103, and 220 at 12 months
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