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Abstract

Although depressive symptoms are common among those living with back pain, there is limited
information on the relationship between postsurgical pain reduction and changes in depressive
symptoms. The objective of this prospective cohort study was to examine the change in pain and
depressive symptoms and to characterize the relationship between pain and depressive symptoms
after lumbar spine surgery. We assessed 260 individuals undergoing lumbar spine surgery
preoperatively and postoperatively (3 and 6 months) using a pain intensity numeric rating scale
and the Patient Health Questionnaire depression scale. The relationship between change in pain (a
2-point decrease or 30% reduction from the preoperative level) and depressive symptoms was
examined using standard regression methods. Preoperatively, the mean pain intensity was 5.2 (SD
2.4) points, and the mean depressive symptom score was 5.03 (SD 2.44) points. At 3 months,
individuals who experienced a reduction in pain (63%) were no more likely to experience a
reduction in depressive symptoms (odds ratio 1.07, 95% confidence interval [CI] .58 to 1.98) than
individuals who experienced no change from preoperative pain (34%). However, at 6 months,
individuals who experienced a reduction in pain (63%) were nearly twice as likely to experience a
reduction in depressive symptoms (odds ratio 1.93, 95% CI 1.15 to 3.25) as those who experienced
no change or an increase in pain (31%). We found that most individuals experienced clinically
important reductions in pain after surgery. We concluded that those whose pain level was reduced
at 6 months were more likely to experience a reduction in depressive symptoms.
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1. Introduction

Spine surgery is one of the most common inpatient procedures in the United States, and the
frequency of surgical spine procedures has risen dramatically during the past 2 decades
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[10,11]. Pain is a frequent complaint of individuals with degenerative conditions of the
lumbar spine, and resolution of this pain is one objective of surgical intervention [24]. Pain
is associated with an emotional response marked by anxiety [5,38] and depression [18,40].

Depressive symptoms are common among individuals seeking surgical care of degenerative
conditions of the lumbar spine [4,6]. These depressive symptoms can interfere with an
individual’s ability to take part in normal work and/or recreational activities [29]. This
interference leads to reduced productivity and social participation, which in turn leads to a
diminished quality of life [35,36]. There have been very limited studies investigating the
relationship between pain and depression after spine surgery. One retrospective study
examining the impact of revision arthrodesis in the treatment of symptomatic pseudarthrosis
found a significant improvement in visual analog scale back pain scores at 2 years that was
not associated with improvement in mental health or depression ratings, suggesting that, in
this diagnostic group, mental health symptoms associated with pseudarthrosis-associated
back pain may be more refractory to revision surgery [1].

The interrelatedness of pain and depression are difficult to untangle in studies because many
investigations are cross-sectional, prospective over short periods, or inclusive of individuals
who are already experiencing persistent pain [18]. Negative emotions, such as anxiety and
depression, increase the risk for postoperative pain [7] and new-onset chronic pain [3]. The
persistence of pain over time also contributes to the exacerbation of depression that is, in
part, related to the severity of pain [12]. Data on the longitudinal relationship between pain
and depression after surgery can provide key information on the temporal and directional
relationship between these 2 experiences. Data on this relationship can also provide a guide
to identifying those at risk for continued depressive symptoms that undermine function and
quality of life after surgery.

As part of larger prospective cohort studies, the current analysis sought to examine the
longitudinal relationship between back pain and depressive symptoms in a sample of
patients with degenerative conditions of the lumbar spine. The objective of this prospective
cohort study was to examine the change in pain and depressive symptoms and to
characterize the relationship between pain and depressive symptoms after lumbar spine
surgery. We hypothesized that individuals who experience a clinically signifi-cant reduction
in pain from preoperative levels would be more likely to experience a reduction in
depressive symptoms than individuals who do not experience a clinically significant
reduction in pain.

2. Methods

Our Institutional Review Board approved this study. All research-related events occurred in
a private research room to ensure confidentiality.

2.1. Study population

Individuals in the current analysis were participants from 2 prospective cohort studies
conducted to assess the influence of patient activation on health behavior and recovery after
lumbar spine surgery. The current sample included a natural history cohort that has been
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previously described [42,43] and the control group for a currently active intervention trial to
improve rehabilitation participation after spine surgery.

Individuals presenting to our spine center from August 2005 through August 2011 for
surgical treatment (i.e., lumbar decompression and, in the case of lumbar spondylolisthesis,
arthrodesis) for degenerative conditions of the lumbar spine were considered for inclusion in
the current analysis. To be included, patients had to be >18 years old, English-speaking, and
capable of providing informed consent (as determined by a Mini-Mental Status Examination
score of >18 of 30 points [41]). Excluded were individuals with previous spine surgery
because they have a markedly different clinical recovery course than those having primary
surgery [15]. Of the 578 patients presenting for treatment of degenerative conditions of the
lumbar spine, 312 (54.0%) were eligible. Of those, 260 (83.3%) agreed to participate.

2.2. Participant assessments

Individuals were assessed at 3 time points: the preoperative clinical visit and the 3- and 6-
month postoperative clinical visits. The assessment instruments are described.

2.2.1. Demographic and social information—A questionnaire elicited information
concerning demographic (age, sex, and race/ethnicity) and social (education and household
income) characteristics. The 260 patients were predominantly non-Hispanic white (89%)
and female (58%), with a diagnosis of lumbar stenosis (78%); the mean age was 58 (SD 15)
years (Table 1).

2.2.2. Health—Measures of current pain intensity and depressive symptoms were
obtained.

2.2.2.1. Intensity of current pain.: The intensity of current back pain was assessed using
a numeric rating scale [13], with respondents reporting pain intensity on an 11-point scale (0
[no pain] to 10 [severe pain]). This numeric rating scale has proven reliable (Pearson r > .80)
and valid (highly correlated with the visual analog scale) in young and old adults [8,19]. The
numeric rating scale has been shown to be free of the response error associated with other
pain intensity scales when measuring pain among individuals =65 years old [20,23]. To
define a clinically meaningful improvement in pain intensity after surgical intervention, we
used a threshold reduction of 2 points or 30% from preoperative assessment [16].

2.2.2.2. Depressive symptoms.: Depressive symptoms were measured with the Patient
Health Questionnaire 9-item (PHQ-9) depression scale [44]. The PHQ-9, a brief screening
tool designed to identify the presence of depressive symptoms, was developed using the
diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders [2]. The
original validation study and 2 diagnostic meta-analyses of multiple studies comparing the
PHQ-9 with a criterion standard psychiatric interview have established good sensitivity
(range, 77% to 88%) and specificity (range, 88% to 94%) for the PHQ-9 [31]. A PHQ-9
score of 210 points is indicative of clinical depression [30].
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2.3. Statistical analyses

To examine the relationship between pain and depression, we classified each individual with
regard to change in pain intensity after surgical intervention depending on whether a
clinically significant reduction in pain (defined as a reduction of 30% or 2 points from
preoperative pain intensity) was achieved. We then compared those who had experienced
clinically significant reduction in pain vs all others with respect to changes in depressive
symptoms (PHQ-9). Individuals were characterized using continuous and dichotomous
methods. Continuous characterization was achieved by using the change in score between
preoperative and postoperative assessments as the dependent measure. Dichotomous
characterization was achieved by using an indicator for improvement. Patients in whom the
PHQ-9 score decreased from preoperative to postoperative were deemed to have improved.
Cases in which the PHQ-9 score remained stable or increased from preoperative to
postoperative were deemed not to have improved.

The relationship between reduction in pain intensity and change in depressive symptoms
was then modeled using repeated-measures regression equations: linear regression for
continuous characterization and logistic regression for dichotomous categorization. In the
continuous characterization, we estimated the mean change in the dependent variable among
those with clinically important reduction in pain intensity. In the dichotomous
characterization, we estimated the odds of experiencing an improvement in depressive
symptoms among those with a clinically important reduction in pain intensity. Time since
surgery (in months) was included as a covariate to account for temporal changes in the
dependent variables. Other patient characteristics, such as age and sex, were included as
potential confounders. Regression diagnostics concerning collinearity and residual analysis
were conducted to assess the fit of a final model [47]. All analyses were performed with
SAS statistical software, version 9.2 (SAS Institute, Inc., Cary, NC, USA). The level of
significance was set at .05.

3. Results

3.1. Pain intensity

At the preoperative visit, the mean pain intensity was 5.2 (SD 2.4) points, indicating
moderate pain [37] (Table 2). By 3 months after surgery, mean pain intensity had decreased
to 3.3 (SD 2.1) points: 8 (3.1%) experienced increased pain intensity rating, 88 (33.8%)
experienced no change in pain intensity rating, and 164 (63.1%) experienced a clinically
meaningful reduction in pain intensity. Similar improvements were seen by 6 months after
surgery, with mean pain intensity having decreased to 3.0 (SD 1.8) points: 16 (6.2%)
experienced increased pain intensity, 80 (30.8%) experienced no change in pain intensity,
and 164 (63.1%) experienced a clinically meaningful reduction in pain intensity.

3.2. Depressive symptoms

At the preoperative visit, the mean depression score was 5.0 (SD 2.7). At the preoperative
visit, the mean depressive symptom score (PHQ-9) was 5.03 (SD 2.44) points, with 15
(5.8%) individuals meeting the criterion for depression. By 3 months after surgery, the mean
depressive symptom score had decreased to 2.0 (SD 1.9) points. Approximately three-
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fourths (205, 78.9%) of the participants experienced a reduction in depressive symptoms; the
remainder (55, 21.1%) experienced no change or worsening of depressive symptoms. At that
time, no individuals met the criterion for depression. By 6 months after surgery, the mean
depressive symptom score was 3.5 (SD 1.8) points. More than half (106, 63.9%) of the
participants experienced a reduction in depressive symptoms; the remainder (94, 36.1%)
experienced no change or worsening of depressive symptoms. One (0.4%) individual met the
criterion for depression.

3.3. Relationship between pain intensity and depressive symptoms

At the preoperative visit, there was a significant positive bivariate correlation between pain
intensity and depressive symptoms (P = .689), representing a strong relationship.

At 3 months after surgery, individuals who experienced a clinically meaningful reduction in
pain were no more likely to experience a reduction in depressive symptoms (odds ratio 1.07,
95% confidence interval [CI] .58, 1.98) than individuals who experienced no change or
increase in pain intensity.

Individuals who had achieved or maintained a clinically meaningful reduction in pain at 6
months were nearly twice as likely to experience a reduction in depressive symptoms as
individuals who experienced no change or increase in pain (odds ratio 1.93, 95% CI 1.15 to
3.25). Adjusting for the influence of time since surgery, sex, and age >65 years, the
relationship between a clinically meaningful reduction in pain at 6 months and reduction in
depressive symptoms persisted (Table 3). These individuals achieved, on average, an
adjusted reduction in depressive symptoms of 1.83 (SD .29) points more than those who
experienced no change or increase in pain.

4. Discussion

Results of this prospective cohort study showed that changes in pain intensity after surgery
were associated with a reduction in depressive symptoms 6 months after surgery for patients
with degenerative conditions of the lumbar spine. The relationship between reduction in pain
intensity and reduction in depressive symptoms at 6 months was similar to that found in a
study of 500 primary care patients with persistent back, hip, or knee pain [32]. In that study,
Kroenke et al. [32] showed that change in pain was a strong predictor of change in
depression severity at 12 months. Those investigators reported that a reduction in severity of
depressive symptoms was an equally strong predictor of subsequent pain severity. Their
study adds to the evidence for a bidirectional relationship between pain and depression.

Unlike the bidirectional analysis of Kroenke et al. [32], our analysis focused on the impact
of pain improvement on depressive symptoms. This focus arises from the population under
study—those undergoing spine surgery. We were interested in determining whether
improvements in pain, often a result of spine surgery, are associated with improvements in
depressive symptoms. The inability of our study to show a relationship between changes in
pain and depressive symptoms at 3 months may be related to the persistence of pain during
the period of healing after surgery. The studies cited earlier have examined postoperative
pain and depressive symptoms at 6 months [25,32]. Postsurgical pain is a prevalent
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complication after any surgery, with incidence ranging from 10% to 50% [28]. Although
most individuals did report a clinically meaningful reduction in intensity of back pain after
surgery at 3 months, there may have been nonspecific pain associated with the surgery.
Sources of this pain include skin incision, healing muscle tissue with reactive spasm, and
nerve root inflammation [33]. There is the potential for undertreatment of pain during the
immediate postoperative period because of concerns for respiratory complications [9]. It has
been estimated that postoperative pain is inadequately treated in up to one-half of patients
[26,45]. Subsequent examination of the relationship between pain intensity and depression
should include an assessment of postsurgical pain.

Alternately, the inability to show a relationship between changes in pain intensity and
depressive symptoms at 3 months may reflect the time it takes for improvements in pain to
be translated into increased activity leading to greater social reinforcement and thus
improved mood. According to Lewinsohn et al. [34], depression can result from a stressor
that disrupts normal behavior patterns, leading to a low rate of positive reinforcement and
thus negative mood. Applying the theory to these data, it would be predicted that individuals
experiencing pain because of their spinal condition would avoid normal work and
recreational activities that provide pleasure or other positive reinforcement. The absence of
this positive reinforcement would lead to an increase in depressive symptoms. Because the
healing process after lumbar spine surgery takes time, there may be a lag between the
reduction in low back pain and the resumption of normal work and recreational activities.
This lag would be reflected in the delay in improvement in depressive symptoms.

Our study has several limitations. First, we could not establish whether pain intensity at the
preoperative visit was related to onset or severity of depressive symptoms at that time.
Second, the relationship between changes in pain intensity after surgery and changes in
depressive symptoms may be biased by confounding variables of which we were not aware.
Third, most of our participants were not experiencing severe depressive symptoms or would
have screened positive for depression based on their PHQ-9 scores. The association between
reduced pain and improvement in depressive symptoms may be understated in the current
study due to a floor effect of reported depressive symptoms. Further, these findings may not
be identical in a population where there is a higher prevalence of depression or a greater
burden of depressive symptoms. Fourth, most of our study population was white (89.2%), a
fact that may limit the extension of these findings to populations with a different racial
composition. Fifth, unlike the analysis reported in Kroenke et al. [31], our analysis examined
the concomitant reduction in depressive symptoms among those who experienced a
clinically meaningful reduction in pain intensity. Sixth, given that individuals with somatic
complaints may have elevated scores on generic measures of depression, the number of
persons classified as depressed in this study may be elevated because of the impact of pain-
related symptoms on the scale score. Finally, we did not measure the level of activity of the
participants. Measurement of activity would have allowed us to investigate whether changes
in pain-related activity affected the relationship between pain changes and depression, as
suggested by Lewinsohn et al. [34]. At least 1 study, a sample of persons with major
extremity trauma, suggested that psychological distress does not arise from reduced activity,
as was suggested by Lewinsohn et al. [34], but rather that psychological distress affects the
relationship between pain and reduced function [46]. That study indicated that pain and
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psychological distress contribute to reduced function during the first year after a serious
injury; however, as recovery proceeds, the role of psychological distress in determining
function increases and the contribution of pain to decreased functioning fades [46].

Our study methodology has several strengths. First, we were able to measure all variables
prospectively. This study design enhances the probability that risk factors are nondifferential
and estimates of association are attenuated. Second, we assessed whether the associations
would remain when the analyses were adjusted by other patient characteristics, such as sex,
which is important, given the literature on potential sex differences in pain physiology and
clinical outcomes [17,22].

This study has potentially important clinical implications. We have shown that pain and
depression are related in individuals undergoing spine surgery for degenerative conditions of
the lumbar spine. Effective pain management after surgery is related to a reduction in the
burden of depressive symptoms. It is plausible that this effective management would lead to
a reduction in the need for depression treatment in those who show improvements in pain.
For individuals whose pain does not improve after surgery, there is an increased risk for
continued depression that may require evaluation and management. Our study suggests
taking a staged approach to the management of depression in this population: (1) patients
should be carefully followed after surgery and the level of pain relief should be documented,
and (2) patients whose pain does not improve should be carefully assessed for depressive
symptoms and appropriate treatment should be provided. There are a number of instruments
that may be used to routinely assess depression in persons with pain, in addition to the
PHQ-9 [8,14,21,39]. Identification of patients with depression is warranted because effective
treatments are well established [27]. Further, reduction in depressive symptomatology is
associated with a reduction in pain severity and interference [5].
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Table 1

Demographic characteristics of the study population (n = 260).

Characteristic

No.

Mean age (y, SD)

Sex (%)

Female

Male

Race (%)

White

Nonwhite

Average CCI score (SD)
Mearital status (%)
Married/living with spouse
Living with partner
Separated/divorced/widowed
Never married
Household income (%)
<$30,000
$30,000-$50,000
>$50,000

Not reported

Education (%)

No college degree
College degree
Advanced college degree
Diagnosis (%)

Stendosis

Stenosis with spondylolisthesis

58.0 (15.4)

152 (58.5)
108 (41.5)

232 (89.2)
28 (11.8)
39(5.2)

220 (84.6)
4(15)

16 (6.2)
24(9.3)

64 (24.6)
76 (29.2)
96 (36.9)
24(9.3)

116 (44.6)
24(9.2)
120 (46.2)

203 (78.0)
57 (22.0)

CCI = Charlson Comorbidity Index.
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Table 2

Mean pain intensity and depressive symptoms of the study population (n = 260).

Measure Preoperative score (points, SD)  Postoper ative scor e (points, SD)
3mo 6 mo

Mean pain intensity (NRS) 5.2 (2.4) 3.3(21) 3.0(1.9)

Mean depressive symptoms (PHQ9) 5.0 (2.7) 2.0(1.9) 3.5(1.8)

NRS = numeric rating scale; PHQ9 = Patient Health Questionnaire 9-item depression screen.
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Table 3

Relationship between change in pain intensity and improvement in depressive symptoms in the study

population (n = 260) at 6 months.

Independent variable Oddsratio (95% confidence interval) of depression improvement P value
Pain intensity

No improvement 1 Reference
Improvement* 2.68 (1.48-4.86) .001

Time since surgery (mo)  1.39 (1.04-1.86) .024

Sex

Male 1 Reference
Female 1.15 (0.67-1.98) .603

Age (v)

<65 1 Reference
=65 2.18 (1.19-4.02) 012

*
Improvement was defined as 2 points or a 30% reduction from preoperative pain intensity.
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