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ABSTRACT

Background: Currently, no studies have assessed what effect the presence of both anxiety and depression may
have on patient-reported outcome measurements (PROMs) compared to patients with a single or no mental health
diagnosis.

Methods: Patients undergoing 1- to 3-level lumbar fusion at a single academic hospital were retrospectively
queried. Anyone with depression and/or anxiety was identified using an existing clinical diagnosis in the medical chart.
Patients were separated into 3 groups: no depression or anxiety (NDA), depression or anxiety alone (DOA), and
combined depression and anxiety (DAA). Absolute PROMs, recovery ratios, and the percentage of patients achieving

minimal clinically important difference (% MCID) between groups were compared using univariate and multivariate
analysis.

Results: Of the 391 patients included in the cohort, 323 (82.6%) were in the NDA group, 37 (9.5%) in the DOA

group, and 31 (7.9%) in the DAA group. Patients in the DAA group had significantly worse outcome scores before and
after surgery with respect to Short Form-12 mental component score (MCS-12) and Oswestry Disability Index (ODI)
scores (P ,.001); however, the change in PROMs, recovery ratio, % MCID were not found to be significantly different

between groups. Using multivariate analysis, the DAA group was found to be an independent predictor of worse
improvement in MCS-12 and ODI scores (P ¼ .026 and P ¼ .001, respectively).

Conclusions: Patients with combined anxiety and depression fared worse with respect to disability before and
after surgery compared to patients with a single diagnosis or no mental health diagnosis; however, there were no

significant differences in recovery ratio or % MCID.
Level of Evidence: 3.
Clinical Relevance: Combined anxiety and depression may predict less improvement in MCS-12 and ODI after

lumbar arthrodesis compared with single or no mental health diagnosis.

Lumbar Spine

Keywords: PROMs, HRQOL outcome scales, SF-12, PCS-12, MCS-12, ODI, VAS back, VAS leg, depression, anxiety,

mental health, lumbar, arthrodesis, fusion

INTRODUCTION

Lumbar fusion is a commonly performed surgery

to address symptomatic spinal stenosis with con-

comitant instability. Over the past decade, the rate

of lumbar fusions has been steadily increasing, with

almost 200 000 surgeries performed annually.1

Elective lumbar fusion for degenerative disease,

specifically for spondylolisthesis, has been reported

to result in higher patient-satisfaction scores and

improved patient-reported outcome measurements

(PROMs).2–6 Many risk factors have been identified

that ultimately affect patient outcomes following

fusion; however, preoperative mental health comor-
bidities including anxiety and depression, have been
associated with higher rates of complications and
worse patient outcomes.7–10

There is growing interest in PROMs in spine
literature; as such, it is important to understand how
these metrics may be translated into improved
patient care. While PROMs may be used to
objectively determine the effectiveness of a surgical
intervention, further work must be done to under-
stand how these metrics change in the presence of
baseline risk factors. Currently, there is conflicting
evidence as to whether preoperative mental health
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comorbidities lead to worse outcomes following
lumbar surgery.11–18 Even more poorly defined is
how these baseline conditions affect PROMs after
surgical intervention for degenerative lumbar dis-
ease. Given increasing attention towards outcomes-
based care in spine surgery, the purpose of this
study was to determine if, and to what extent,
patients with a preoperative diagnosis of depression
and/or anxiety demonstrate worse outcomes after
lumbar fusion.

METHODS

Patient Selection and Data Collection

This study was approved by the Institutional
Review Board at the Thomas Jefferson University
Hospital. Each author certifies that his or her
institution approved the human protocol for this
investigation and that all investigations were con-
ducted in conformity with ethical principles of
research. After gaining approval from the Institu-
tional Review Board, a retrospective cohort study
was initiated on patients who received lumbar
fusion surgery from one of several orthopedic spine
surgeons at a single high-volume center between
January 1, 2013, and December 31, 2017. Patients—
including those with spondylolisthesis, scoliosis,
recurrent disc herniation, or lumbar spinal steno-
sis—underwent either posterolateral fusion alone or
combined posterolateral fusion with anterior lum-
bar interbody fusion or transforaminal lumbar
interbody fusion to address a variety of degenerative
lumbar conditions. Anyone under 18 years of age
and those who demonstrated under 1 year of clinical
follow-up were excluded from the final cohort;
furthermore, individuals who received surgical
intervention to address malignancy, infection, trau-
ma, or revision of a prior lumbar surgery were also
left out of the final sample.

A standard set of demographic data and surgical
characteristics was collected and recorded for each
patient from the institution’s electronic health
record system (eCW V11, eClinicalWorks, West-
borough, Massachusetts), including age, sex, body
mass index (BMI), smoking status (never, current,
former), preoperative diagnosis, total number of
levels decompressed, total number of levels fused,
months of clinical follow-up, and duration of
symptoms prior to surgical intervention (,3
months, 3-6 months, .6 months). Baseline and
postoperative (1-year) PROMs—including the

Short Form-12 physical component score (PCS-12)
and mental component score (MCS-12), the Oswes-
try Disability Index (ODI), and the Visual Analogue
Scale back (VAS back) and leg (VAS leg) pain
scores—were obtained through a structured query
language search in the institution’s PROM tracking
software (OBERD, Columbia, MO). Each outcome
was measured at baseline and the 1-year postoper-
ative mark.

Electronic health records and office notes were
then reviewed to assess whether a mental health
diagnosis was present prior to surgery. Subsequent-
ly, patients were split into 1 of 3 groups based on the
presence of any officially documented diagnosis of
depression and/or anxiety in their records: (1) no
depression or anxiety (NDA) group; (2) depression
or anxiety (DOA) group; and (3) depression and
anxiety (DAA) group. In a secondary analysis,
patients in the DOA group were split into depres-
sion-only (DO) and anxiety-only (AO) groups.

Statistical Analysis

Data were assessed for normality of distribution
using measures of skewness and kurtosis, and the
Shapiro-Wilk test. Demographics and surgical data
were compared between the 3 groups. Each set of
PROMs was assessed for changes from baseline to
postoperative measurement within groups using
paired samples t test. Outcomes were then compared
between groups for differences in preoperative,
postoperative, and delta (postoperative minus pre-
operative) scores. Categorical variables were com-
pared using Pearson v2analysis or Fisher exact test,
and continuous variables were compared using 1-
way ANOVA or Kruskal-Wallis H test with
Bonferroni and Dunn multiple pairwise comparison
testing, respectively, for post-hoc analysis. Two
additional measures of improvement were calculat-
ed and compared between groups: recovery ratios
(RR) and the percentage of patients who ended up
achieving the minimum clinically important differ-
ence (% MCID) at final follow-up. RR was defined
as delta score/(optimal score – baseline score),
where 100 was used as an optimal score for PCS-
12 and MCS-12 and a score of 0 was optimal for
ODI, VAS back, and VAS leg.19 The % MCID
calculated for each PROM was based on the
following threshold values: PCS-12, 8.8 points;
MCS-12, 9.3 points; ODI, 6.8 points; VAS back,
2.1 points; and VAS leg, 2.4 points.20,21 Finally, a
set of multiple linear regression analyses was
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performed to determine whether preoperative men-
tal health diagnoses were predictors of worse
outcomes after lumbar fusion surgery. Each regres-
sion was conducted using the NDA group as a
baseline for comparison and controlled for age, sex,
BMI, smoking status, preoperative diagnosis, num-
ber of levels decompressed, number of levels fused,
months of clinical follow-up, and duration of
symptoms prior to surgery. Statistical analysis was
also repeated by splitting the DOA group into DO
and AO groups in the secondary analysis. All
statistical analyses were performed using the SPSS
version 24 (IBM Corporation, Armonk, NY). A P
value less than .05 was considered to be statistically
significant.

RESULTS

Patient Demographics

A total 391 patients were included in the final set
of analysis, with 323 (82.6%) in the NDA group, 37
(9.5%) in the DOA group, and 31 (7.9%) in the
DAA group. The average age of patients in the
overall cohort was 62 (95% confidence interval [CI]:
61, 64) years, mean BMI was 30.5 (95% CI: 29.9,

31.1), and total number of male participants was
212 (54.2%). There were 264 never (67.5%), 30
current (7.7%), and 97 former (24.8%) smokers in
this set of patients, 272 (69.6%) of which underwent
surgical intervention to address spondylolisthesis,
53 (18.2%) for scoliosis, 12 (3.1%) for recurrent
nucleus pulposus herniation, and 54 (9.1%) for
stenosis. The average length of clinical follow-up
was 13.5 months. In terms of surgical characteris-
tics, 172 (44.0%) patients received a 1-level decom-
pression, 122 (31.2%) a 2-level decompression, 74
(18.9%) a 3-level decompression, 20 (5.1%) a 4-level
decompression, and 3 (0.8%) a 5-level decompres-
sion. A total of 275 (70.3%) patients underwent a 1-
level fusion, 92 (23.5%) a 2-level fusion, and 24
(6.2%) a 3-level fusion. Demographic data and
surgical characteristics between groups in the
primary analysis can be located in Table 1.

Patient-Reported Outcome Measurements

All groups demonstrated significant improvement
after surgery in every PROM domain (P , .05),
except that patients in the DOA group did not
improve in terms of MCS-12 scores (P¼.225). When
comparing baseline outcome scores between groups,

Table 1. Descriptive statistics of cohort by mental health diagnosis groups. Descriptive characteristics between groups are compared via Kruskal-Wallis H test,

Pearson v2 analysis, or Fisher exact test.

No Depression or Anxiety

(n ¼323)
Depression or Anxiety

(n ¼ 37)

Depression and Anxiety

(n ¼ 31) P Value

Age, mean (95% CI), y 63.0 (61.0, 64.0) 62.0 (58.0, 66.0) 61.0 (58.0, 64.0) .809
Sex, n (%) .057
M 168 (52.0) 21 (56.8) 23 (74.2)
F 155 (48.0) 16 (43.2) 8 (25.8)

Body mass index, kg/m2 (95% CI) 30.4 (29.8, 31.1) 30.6 (29.1, 32.1) 30.7 (28.7, 32.8) .962
Smoking status, n (%) .001a

Never 228 (70.6) 20 (54.1) 16 (51.6)
Current 22 (6.8) 1 (2.7) 7 (22.6)
Former 73 (22.6) 16 (43.2) 8 (25.8)

Preoperative diagnosis, n (%) .723
Spondylolisthesis 228 (70.6) 23 (62.2) 21 (67.8)
Scoliosis 43 (13.3) 5 (13.5) 5 (16.1)
Recurrent disc herniation 11 (3.4) 1 (2.7) 0 (0.0)
Stenosis 41 (12.7) 8 (21.6) 5 (16.1)

No. of levels decompressed, n (%) .750
1 140 (43.3) 21 (56.8) 11 (35.5)
2 103 (31.9) 7 (18.9) 12 (38.7)
3 61 (18.9) 7 (18.9) 6 (19.4)
4 16 (5.0) 2 (5.4) 2 (6.4)
5 3 (0.9) 0 (0.0) 0 (0.0)

No. of levels fused, n (%) .279
1 224 (69.3) 31 (83.8) 20 (64.5)
2 78 (24.1) 6 (16.2) 8 (25.8)
3 21 (6.6) 0 (0.0) 3 (9.7)

Follow-up, mean (95% CI), mo 13.6 (13.0, 14.1) 13.4 (12.4, 14.4) 13.3 (11.6, 15.1) .953
Symptom duration, n (%) .338

,3 mo 238 (73.7) 28 (75.7) 19 (61.3)
3-6 mo 50 (15.5) 4 (10.8) 9 (29.0)
.6 mo 35 (10.8) 5 (13.5) 3 (9.7)

aIndicates statistical significance (P , .05).
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the DAA group was found to exhibit worse
disability than the NDA group in terms of MCS-
12 (42.3 versus 50.7, P , .001) and ODI scores (49.5
versus 40.0, P¼ .001). This trend was also observed
for postoperative measurements, with the DAA
group exhibiting significantly greater disability than
the NDA group in terms of MCS-12 (47.3 versus
54.4, p ,.001) and ODI (32.2 versus 19.9, P¼.001).
Neither delta scores, nor RRs, nor % MCID were
found to be significantly different between any of
the groups. In spite of this finding, multiple linear
regression analysis revealed that the having either
depression or anxiety alone (DAA) group was a
significant predictor of decreased improvement in
MCS-12 (b coefficient: �4.016 [95% CI: �7.551,
�0.480], P ¼ .026) and ODI (b coefficient: 11.768
[95% CI: 4.677, 18.858], P ¼.001) scores over time
compared to the NDA group. Outcome compari-
sons between groups for the primary analysis can be
located in Table 2.

When conducting a secondary analysis by sepa-
rating patients with depression alone (DO) or
anxiety alone (AO), all groups again demonstrated
significant improvement from baseline to postoper-
ative measurements in all outcome measures except
for the DO and AO groups—both of which failed to
improve in terms of MCS-12 (P¼ .132 and P¼ .877,
respectively). Comparing outcome scores between
groups, the DAA still showed worse MCS-12 and
ODI scores compared to the NDA group at baseline
and postoperatively (P , .05). Neither delta scores,
nor RRs, nor % MCID were found to be
significantly different between groups. Multiple
linear regression analysis again revealed that the
DAA group was a significant predictor decreased
improvement in MCS-12 (b coefficient:�3.988 [95%
CI: �7.527, �0.450], P ¼ .027) and ODI (b
coefficient: 11.767 [95% CI: 4.665, 18.869], P ¼
.001) scores over time, when using the NDA group
as a baseline for comparison. Results of the
secondary analysis are detailed in Table 3.

DISCUSSION

The purpose of this study was to determine if,
and to what extent, having preoperative depression
and/or anxiety influences PROMs in patients who
require lumbar fusion surgery to address degener-
ative lumbar disease. The results of the current
study found that patients with combined depression
and anxiety prior to lumbar fusion had worse pain
and disability than patients who no prior mental

health comorbidities in terms of MCS-12 and ODI
scores (P , .001) both preoperatively and postop-
eratively. While the groups did not demonstrate any
significant differences in the various measures of
improvement including delta scores, recovery ratios,
and % MCID for any PROMs in the analysis,
multiple linear regression analyses indicated that
having both combined depression and anxiety prior
to surgery was a significant predictor of worse
improvement in MCS-12 (P ¼ .027) and ODI (P ¼
.001), compared to having no baseline mental health
diagnoses. These trends were also found in the
secondary analysis.

Interestingly, patients having a single mental
health diagnosis (DO or AO groups) did not
improve with respect to MCS-12 scores, whereas
patients with both (DAA) did improve. However,
this may be related to the fact that MCS-12
represents the global mental functioning of a
patient. Hence, patients with more baseline mental
health dysfunction are likely to continue to experi-
ence this dysfunction after surgery. MCS-12 scores
are closely related to the presence of depression and
a few studies have attempted to define thresholds.22–
24

Current literature shows examining the impact of
preoperative mental health and outcomes following
lumbar arthrodesis shows conflicting reports. Sev-
eral studies have associated anxiety and/or depres-
sion with less satisfaction and improvement, and
worse health-related quality of life scores, after
lumbar fusion when compared to patients with no
preoperative mental health comorbidities. However,
there are others that report opposite or neutral
findings in this particular domain.11–18 In one
retrospective comparative study in patients that
underwent instrumented lumbar decompression and
fusion surgery for recurrent stenosis, patients with
depression—identified by preoperative Zung self-
rating depression score—were found to have signif-
icantly greater dissatisfaction scores 2 years after
surgery (odds ratio¼ 0.67 [95% CI: 0.38, 0.87], P ,

.001).10 In a separate study, 231 patients who
underwent lumbar fusion for any reason were
retrospectively reviewed. The authors of this study
found that a worse baseline EuroQOL-5 Dimen-
sions score or a clinical diagnosis of depression,
determined by the Patient Health Questionnaire-9,
was associated with a significantly greater chance of
not achieving MCID at 1 year of clinical follow-up
(P , .05).11 Similarly, in a retrospective study by
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Wahlman et al16 examining 232 patients who
underwent lumbar fusion, patients with preopera-
tive symptoms of depression—identified by the
Depression Scale—were found to have significantly
less disability in terms of ODI at the 3-month and 1-
year clinical follow-up visits (P , .001). The
findings of these studies suggest that having
preexisting depression seems to lead to worse
outcomes even when using a variety of different
measures. One plausible explanation between de-
pression and outcomes is that they are inextricably
linked because of the presence of chronic pain.25–28

While the aforementioned studies have focused
on depression alone as an independent risk factor
for worse outcomes after lumbar fusion surgery,
other studies have considered the influence of
anxiety on outcomes. In a retrospective study by
Lee et al,15 patients with depression or anxiety were
identified using Hospital Anxiety and Depression
Scale (HADS), noting that depression and anxiety
were each significantly correlated with worse dis-
ability in terms of ODI scores (r ¼�0.054 and r ¼
�0.276, respectively, P , .001) but not VAS scores.
In another study by Carreon et al,28 patients’
subjective feeling of being downhearted or de-
pressed was a significant predictor of worse ODI
scores after lumbar fusion. However, the same study
indicated that a preoperative diagnosis of depres-
sion or anxiety did not significantly predict worse
outcomes after arthrodesis. Finally, a prospective
trial by Netto et al17 revealed that patients with
depression or anxiety, identified by the HADS scale,
were found to have significantly greater pain scores
(P , .001), but the same level of physical
functioning and improvement in ODI scores. The
different results in the abovementioned studies may
be attributed to unstandardized methods as well as
instruments used. The results of the present study
indicate that depression or anxiety alone were not
associated with worse PROM improvement after
lumbar fusion; however, combined depression and
anxiety was associated with greater disability in
terms of ODI scores. There are no other studies to
date which have examined the impact that combined
depression and anxiety have on patient-reported
outcomes following lumbar fusion. This suggests
that it may be important to consider anxiety in
combination with depression when assessing the
influence of mental health on PROMs.

There are several limitations to the current study
including the fact the patients who were identified as

having anxiety or depression through the medical
chart were not verified by a validated outcome scale
(ie HADS), but rather were rather listed as officially
having one of these diagnoses at any point prior to
surgery. This may have resulted in classifying
patients who had a remote a history of major
depressive disorder or generalized anxiety disorder
who may have already received adequate treatment
prior to surgery; hence, their preoperative mental
health diagnosis may not be as accurate as originally
anticipated. Furthermore, this would imply that
patients with the mental health conditions who have
never been formally diagnosed could also have been
classified as having no depression and/or anxiety in
spite of potentially subclinical baseline mental
health symptoms. Incorrect classification of groups
may have also resulted in the imbalanced sample
sizes used for primary comparison (DOA: n ¼ 37;
DAA: n¼ 31), potentially weakening the findings of
this study. Finally, the severity of the diagnoses was
not determined, which would have helped further
elucidate the impact of increasingly severe compos-
ite mental health states on PROMs after lumbar
arthrodesis. With all of this in mind, the major
limitations ascribed above are all related by the
retrospective nature of the study, as certain details
would have been better determined with appropriate
prospective planning. Any studies that plan to
further elucidate the relationship between mental
health and PROMs after lumbar fusion should
attempt to do so in a prospective manner; ultimate-
ly, this would result in more accurate baseline
mental health diagnoses and thorough stratification
of symptom severity at preoperative evaluations.

CONCLUSION

Patients with combined depression and anxiety
were found to have significantly worse baseline and
postoperative ODI scores compared to the subset of
patients with no mental health comorbidities prior
to surgery. Furthermore, having combined depres-
sion and anxiety was predictive of less improvement
in terms of ODI scores. This is the first study to
incorporate combined depression and anxiety as a
risk factor for worse outcomes after lumbar fusion.
More studies must be conducted to further elucidate
this association.
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