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BACKGROUND: Preoperative depression is a risk factor for poor outcomes after spine
surgery.
OBJECTIVE: To understand effects of depression on spine surgery outcomes and
healthcare resource utilization.
METHODS: Using IBM’s MarketScan Database, we identified 52 480 patients who
underwent spinal fusion. Retained patients were classified into 6 depression phenotype
groups based on International Classification of Disease, 9th/10th Revision (ICD-9/10) codes
and use/nonuse of antidepressant medications: major depressive disorder (MDD), other
depression (OthDep), antidepressants for other psychiatric condition (PsychRx), antide-
pressants for physical (nonpsychiatric) condition (NoPsychRx), psychiatric condition only
(PsychOnly), and no depression (NoDep). We analyzed baseline demographics, comor-
bidities, healthcare utilization/payments, and chronic opioid use.
RESULTS: Breakdown of groups in our cohort: MDD (15%), OthDep (12%), PsychRx (13%),
NonPsychRx (15%), PsychOnly (12%), and NoDep (33%). Postsurgery: increased outpatient
resource utilization, admissions, and medication refills at 1, 2, and 5 yr in the NoDep,
PsychOnly, NonPsychRx, PsychRx, and OthDep groups, and highest in MDD. Postoperative
opioid usage rates remained unchanged inMDD (44%) and OthDep (36%), and reduced in
PsychRx (40%), NonPsychRx (31%), and PsychOnly (20%), with greatest reduction in NoDep
(13%). Reoperation rates: 1 yr after index procedure, MDD, OthDep, PsychRx, NonPsychRx,
and PsychOnly had more reoperations compared to NoDep, and same at 2 and 5 yr. In
NoDep patients, 45% developed new depressive phenotype postsurgery.
CONCLUSION: EHR-defined classification allowed us to study in depth the effects of
depression in spine surgery. This increasedunderstandingof the interplay ofmental health
will help providers identify cohorts at risk for high complication rates, and health care
utilization.
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D e novo and revision spinal surgery
rates continue to increase in the
United States.1-4 Even following best

ABBREVIATIONS: ICD-9/10, International Classifi-
cation of Disease, 9th/10th Revision; MDD, major
depressive disorder; NoDep, no depression;
NoPsychRx, antidepressants for physical (nonpsy-
chiatric) condition; OthDep, other depression;
PsychOnly, psychiatric condition only; PsychRx,
antidepressants for other psychiatric condition

Supplemental digital content is available for this article at
www.neurosurgery-online.com.

management practices, many patients have
poor outcomes postspinal surgery.5,6 In many
studies, preoperative depression ranks as one
of the most important risk factors for poor
outcomes postspine surgery.7-17 New depression
has been reported after many types of surgeries
including coronary artery bypass, hysterectomy,
and cholecystectomy.18-22 Although much
remains unknown about the role of depression
in spine surgery outcomes or its impact on health
resource utilization, patients with chronic back
pain and spinal disorders have far greater preva-
lence of mental health disorders23-27 compared
to general population.21-25 In recent studies,
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5% to 6% of patients without preexisting depressive illness appear
to develop new depression after spine surgery.28,29

Most studies of depression’s effect in spine surgery have
been retrospective reviews based on International Classification
of Disease, 9th/10th Revision (ICD-9/10) codes or scores
on a screening question.8,9,15,27,29,30 Many spine patients use
antidepressant medication for neuropathic pain and do not
have ICD-9 depression diagnoses.31,32 Antidepressants are also
prescribed for other conditions unrelated to the spinal disease
or depression.33-35 Therefore, using the antidepressant medica-
tions as proxy for depressive disorders may not be appropriate in
predicting outcomes following spine surgeries and may lead to
underutilization of surgical treatment options.
Depression is a heterogeneous disorder with multiple

subtypes.36,37 Treating all depressive cases, the same may be
an invalid way to examine depression’s impact in spinal surgery,
leading to an inaccurate, imprecise estimation of its effects.
Recently, a new classification of depression identifiable in
electronic databases was proposed37 using an algorithm to
classify patients in electronic medical records into 1 of 5 mutually
exclusive, ordinal groups: major depressive disorder (MDD),
other depression (OthDep), antidepressants for other psychiatric
condition (PsychRx), antidepressants for physical condition
(NonPsychRx), no depression (NoDep).

Objective
Our primary goal was to determine patterns and frequency

of these categorized depressive phenotypes in spine surgery. A
second goal was to correlate these phenotypes with pre- and
postop health resource utilization and compare effects of each
phenotype on postsurgery outcomes (complications, reopera-
tions). Our hypotheses were that (1) there will be significant
differences between groups in terms of health care utilization
and clinical outcomes following spine surgeries and (2) patients
having ICD 9 diagnoses of MDD would have the most adverse
outcomes and health resource utilization.

METHODS

Registration, Study Design, and Setting
We used IBM MarketScan Database which includes claims for

covered individuals and dependents from over 260 employers. To date,
MarketScan contains over 32 billion de-identified medical records repre-
senting over 245 million patients. Our study used national adminis-
trative database de-identified patient information. Therefore, patients’
consent were not required. Local Institutional review board approval was
obtained for Neurosurgical outcomes research using clinical registries,
administrative and clinical databases.

Participants, Data Source, Bias, and Size
Patients who underwent fusion surgery constituted our population of

52 480 patients. For sample selection, we used ICD-9 code 81.01-81.08
and current procedural terminology code (Supplementary Digital
Content) to screen for spine fusion cases. Only patients with at least 24-
mo lookback and 60-mo follow-up continuous enrollment were retained.
Preoperative lookback time was calculated as the difference between

enrollment start date and index admission date. Postoperative follow-up
was calculated as the difference between index discharge date and end
enrollment date.

Definition of Depression Phenotypes
In our study, depression phenotype refers to clinical patterns associated

with depression and antidepressant history. We used the method
proposed by Ingram et al37 to define depression phenotypes, with a
minor modification. The ICD-9 and ICD-10 code for MDD, OthDep
(atypical or depressive disorder not elsewhere specified), and psychi-
atric condition are also listed in Supplementary Digital Content.
Antidepressant prescription was located by therapeutic classification as
“Psychother, Antidepressants” in themedications file ofMarketScan. The
6 depression groups were populated as follows:

(1) MDD: Patients with at least one diagnosis of MDD.
(2) OthDep: Everyone not qualifying for MDD, diagnosed with other

atypical depression or not elsewhere specified.

The next 3 groups were patients having an antidepressant prescription
and/or psychiatric condition diagnosis. To define antidepressant
medication orders, Ingram et al. used RxNorm classification of “Antide-
pressant.” In MarketScan, we used the equivalent therapeutic classifi-
cation, “Psychother, Antidepressants.”

(3) PsychRx: Subgroup prescribed at least one antidepressant for psychi-
atric condition other than depression (PsychRx), eg, antidepressants
being prescribed for anxiety disorder.

(4) NoPsychRx: Patients prescribed antidepressant medication without
psychiatric diagnoses/condition, eg, antidepressants being prescribed
for neuropathic pain disorders.

(5) PsychOnly: Patients with psychiatric conditions/diagnoses (not
MDD or OthDep), no prescribed antidepressants.

This group was put in NoDep by Ingram, and is the minor difference
of our group from theirs.

(6) NoDep: The remaining patients not belonging to any other group.

Ingram and colleagues used data prior to the ICD-10.37 Using ICD-9
diagnoses codes provided, we obtained the corresponding ICD-10.

Comorbidities were measured with Elixhauser comorbidity score,38
and ICD-9-CM and ICD-10 CM codes adaptation developed by Quan
et al.39

Outcome Variables
Outcomes of interest were index hospitalization outcomes, postdis-

charge healthcare utilization, payments. For postdischarge healthcare use
and payment, we looked at 1, 2, and 5-yr reoperation rates, inpatient
admission rates, outpatient services, medication refills, and all related
payments. All payments were inflated to 2018 US dollars using the
medical component of consumer price index (accessible through U.S.
Bureau of Labor Statistics website).40 Complications (index, 30 d)
were noted by at least one of the following: renal, cardiac, nervous
system complication, cerebrovascular disease, deep vein thrombosis or
pulmonary embolism, pulmonary, and infection (pneumonia or wound).
Chronic opioid use was defined as 10 or more opioid prescriptions in 3-
to 12-mo postindex visit period.8,41

Statistical Analysis
Continuous variables were compared using the Kruskal-Wallis test.

Categorical variables were compared using counts with associated
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percentages and chi-square test. The degree of freedom of chi-square
test for 2-category and 3-category variables were 5 and 10, respectively.
Outcomes were further analyzed using multivariable regression with
depression group as test variable with all demographics. We used linear
regression on log-transformed values for continuous outcomes, negative
binomial transformation for counting outcomes, and logistic regression
for categorical outcomes. Effect size was classified as described by Cohen
et al42 and Sawilowsky et al.43 Statistical data analyses were performed
using SAS 9.4 (SAS Institute Inc, Cary, North Carolina).44

RESULTS

Participants
The breakdown of groups: MDD (15%), OthDep (12%),

PsychRx (13%), NonPsychRx (15%), PsychOnly (12%), NoDep
(33%) (Table 1). Overall median age was 56 yr (inter-quartile
range 49-65) and 57% of patients were females. MDD and
OthDep groups had 70% female patients compared with 46%
in PsychOnly and NoDep. Only 8% of patients had comorbidity
index of 3+. Lumbar region was fused in 50% of patients, instru-
mented fusion in 82%, 81% underwent decompression, and 64%
underwent multilevel procedures. Demographic difference was
maintained across the cohorts. Demographic summary data are
presented in Table 1.

Outcome Data, Adverse Events, Follow-up
Health Resource Utilization Presurgery
During the 1-yr prior to index surgery, MDD phenotype had

highest health resources consumption with greater utilization of
outpatient services (76 services) [followed by OtherDep (66),
PsychRx (65), NonPsychRx (60), PsychOnly (57) and NoDep
(49)], greater number of medication refills (39 vs 18), combined
payments $15 578 vs $9 854 compared to NoDep cohort
(Table 2). Patients in OtherDep ($13 439), PsychRx($14 397),
NonPsychRx($14 491), PsychOnly ($10 261) cohorts incurred
intermediate combined payments compared to those in MDD
and NoDep cohort (Table 2).

Health Resource Utilization Postsurgery
With few exceptions, there was increasing outpatient resource

utilization, hospital admissions, medication refills at 1-, 2-,
and 5-yr postsurgery from NoDep, PsychOnly, NonPsychRx,
and PsychRx, OthDep culminating in highest risk in MDD
(Table 2). In multivariate adjusted analysis (Table 3), compared
to the NoDep, MDD patients had the highest risk of inpatient
admission (odds ratio [OR] 2.56, CI 2.37, 2.75), outpatient
services utilization (OR 1.68, CI 1.64, 1.71), medication refills
(OR 1.87, CI 1.82-1.92), and total payments (OR 1.24, CI 1.22,
1.27) at 1-yr postsurgery. Similar results noted at 2- and 5-yr
postsurgery. Figure 1 compares total payments utilized by groups
at 1-, 2-, and 5-yr postsurgery.

Opioid Utilization Differences
In multivariate adjusted analysis (Table 3), MDD patients

were most likely to have chronic opioid use 3 to 15 mo after
index procedure compared to those without depression (OR 4.90,
CI 4.46-5.39), P < .001. Patients with OthDep (OR 3.57,
CI 3.23-3.94), PsychRx (OR 4.30, CI 3.91-4.73), NonPsychRx
(OR 2.98, CI 2.72-3.26), and PsychOnly (OR 1.74, CI 1.57-
1.93) also had higher risks of chronic opioid use postopera-
tively. Approximately 46% of MDD patients used more than 10
opioid prescriptions in the year presurgery, significantly higher
than other groups: OthDep (40%), PsychRx (44%), NonPsychRx
(36%), PsychOnly (25%), and NoDep (18%). Postoperative
opioid usage rates remained unchanged in MDD (44%) and
OthDep (36%) but reduced in PsychRx (40%), NonPsychRx
(31%), and PsychOnly (20%) with greatest reduction in NoDep
(13%).

Complication Rates
During index hospitalization, MDD patients (OR 1.22, CI

1.08-1.36), OthDep (OR 1.16, CI 1.03-1.31), and NonPsychRx
(OR 1.17, CI 1.04-1.31) also had higher risks of in-hospital
complications postindex surgery compared to NoDep (Tables 2
and 3). MDD patients (OR 1.66, CI 1.48-1.87), OthDep
(OR 1.48, CI 1.31-1.68), PsychRx (OR1.18, CI 1.04-1.35),
and NonPsychRx (OR1.08, CI 0.94-1.24) also had higher risk
of postoperative complications within 30 d postsurgery postdis-
charge. MDD (OR 1.97 CI 1.74-2.22), OthDep (OR 1.72,
CI 1.51-1.96), and PsychRx (OR 1.68, CI 1.47-1.92) had
much greater risk of emergency room admissions within 30 d
postsurgery compared to NoDep, respectively.

Reoperation Rates
At 1-yr postindex procedure, MDD patients (OR 2.03,

CI 1.82-2.27), OthDep (OR 1.92, CI 1.71-2.16), PsychRx
(OR1.74, CI 1.55-1.94), NonPsychRx (OR 1.50, CI 1.34-1.68),
and PsychOnly (OR 1.4, CI 1.23-1.58) had higher risks of reoper-
ation compared to NoDep, which were also maintained at 2 yr
(OR 2.00-1.42) and 5 yr (OR 2.22-1.56) postsurgery (Table 3).

Trajectory and NewDepression Incidence
Among depression cohorts, no change in phenotypic

profile pre- and 5-yr postindex procedure was noted in 68%
MDD, 35% OthDep, 29% PsychRx, 33% NonPsychRx, 30%
PsychOnly, and 55% NoDep (Table 4 and Figures 2 and 3). Of
NoDep phenotype, 45% developed new depressive phenotype
postsurgery (5% MDD, 6% OthDep, 8% PsychRx, 11%
NonPsychRx, 14% PsychOnly). Of original cohort, 5742 (11%)
showed positive change to less severe phenotype compared to
22 688 (43%) patients who showed negative change within 5 yr
postsurgery (generalized McNemar test < 0.001). Approximately
33% of OthDep patients converted to MDD phenotype in the
5 yr postsurgery which was higher than rates for PsychRx (26%),
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BOAKYE ET AL

FIGURE 1. Box plots comparing the total payments utilized by different groups at 1, 2, and 5 yr after surgery.

TABLE 4. Showing Presurgery and Postsurgery Changes in Patients With Depression andWho Underwent Surgery

Postdepression (within 60mo)

MDD OthDep PsychRx NonPsychRx PsychOnly NoDep

Prior depression (within 24 mo) n = 7659 n = 6471 n = 7040 n = 7966 n = 6088 n = 17 256
MDD n = 3223 68.35% 11.23% 8.84% 5.74% 3.01% 2.82%
OthDep n = 3228 32.62% 35.32% 12.17% 9.39% 5.45% 5.05%
PsychRx n = 4097 25.97% 20.01% 29.00% 13.23% 6.39% 5.39%
NonPsychRx n = 11 080 14.12% 16.71% 20.59% 33.07% 3.94% 11.56%
PsychOnly n = 4305 12.75% 14.56% 15.05% 5.53% 30.17% 21.93%
NoDep n = 26 547 4.61% 6.29% 8.46% 11.43% 14.38% 54.83%

CHF: congestive heart failure; COPD: chronic obstructive pulmonary disease; IQR: inter-quartile range; MDD: major depressive disorder; NoDep: no depression; NonPsychRx: antide-
pressants for nonpsychiatric condition; OthDep: other depression; PsychOnly: other psychiatric diagnosis only; PsychRx: antidepressants for other psychiatric condition.

NonPsychRx (14%), and PsychOnly (13%) and considerably
higher than rate for NoDep (5%).

DISCUSSION

Summary Key Results
Depressive phenotypes showed significant associations with

poorer outcome and adverse health resource utilization. Among

the cohorts, MDD incurred highest preoperative and postop-
erative health care utilization followed by OtherDep, PsychRx,
NonPsychRx, PsychOnly, and NoDep cohorts. Similar pattern
was noted in terms of postoperative complications, reoperation
rates, and opioid utilization among the cohorts with MDD
showing worst and NoDep most favorable outcomes. Postop-
erative opioid usage rates remained unchanged in MDD and
OthDep, and reduced in PsychRx, NonPsychRx, and PsychOnly
with greatest reduction in NoDep. Reoperation rates at 1, 2, and
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DEPRESSION PHENOTYPES IN SPINE SURGERY

FIGURE 2. Chart showing transition between different depression cohorts from 24 mo prior to surgery to 60 mo after the surgery.

5 yr were highest in MDD cohort followed by OthDep, PsychRx,
NonPsychRx, PsychOnly, and NoDep cohorts.

Identifying Depression Cohorts and Their Impact on
Spine Surgery
MDD phenotype was highest in outpatient services utilization

and payments from 1 to 5 yr postsurgery. Although previous
spine surgery studies have evaluated the impact of depression

on outcomes using ICD-9 defined cohorts, none have segre-
gated the cohorts into these phenotypes.8,9,14,16,17,27-30 Prior
studies combined the MDD and OthDep phenotypes. From our
results, MDD group had higher risks than OthDep group in
most categories [except reoperations at 1 yr (9% each) and 2 yr
(15% each)]. PsychRx phenotype (11%), ie, patients on multiple
antidepressant medications without prior ICD 9/10 diagnoses
of depression, also had very high risks of adverse outcomes
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BOAKYE ET AL

FIGURE 3. Bar graph showing distribution of different depression cohorts 60 mo after the surgery compared to 24 mo prior to surgery.

including approximately 4-fold increased risk of chronic opioid
use. Compared to NoDep cohort, patients in PsychRx cohort
incurred higher health care utilization and reoperation rates at
1, 2, and 5 yr following spine surgeries. Patients in PsychRx
cohort were 1.8 and 1.9 times likely to have reoperations at 2
and 5 yr respectively compared to NoDep cohort. Patients with
history of nondepressive mental illness but not on antidepressants
(PsychOnly) also had increased risks but to much lower extent
than MDD or other phenotypes.

Incidence of NewDepression
Patients with spinal disorders are at risk for mental health

disorders.26-30 In our study, 67% of patients undergoing spine
fusion for degenerative disorders had at least one of these
phenotypes. New depression rates of 5% to 6% postspine
surgery have been reported in patients without prior diagnosis
of depression.26,27 Wilson et al28 reported new depression rate of
5.1%; they showed that patients who underwent spine surgery
had an adjusted hazard ratio for new depression of 5.5, which
was higher than after coronary artery bypass grafting (2.33),
hysterectomy (3.04), cholecystectomy (2.51), congestive heart
failure (2.44), and chronic obstructive pulmonary disease exacer-
bation (3.04).27 Bekeris et al29 reported overall incidence of new
depression of 6% within 6 mo postspine surgery. We found
that patients with no depression developed new MDD at rate
of 5% and new OthDep at rate of 6%, an 11% combined
MDD/OthDep rate that is higher than reported in prior studies.
The Bekeris study had 6-mo follow-up, whereas our study had
5-yr follow-up. The Wilson study had 5-yr follow-up; however,
their cohort differed from ours; they used only ICD 9 codes

and included decompression cases and other pathologies such as
neoplasia, whereas we used both ICD 9/10 and restricted ours to
spinal fusion cases for degenerative disorders. We note that 45%
of patients with no prior antidepressant use, depression, or mental
health diagnoses in the year presurgery developed one of the other
phenotypes postspine surgery. Interestingly, other phenotypes had
greater rates of developing a MDD episode within 5 yr postspine
surgery: OthDep (33%), PsychRx (26%), NonPsychRx (14%),
PsychOnly (13%) compared to Nodep (5%).

Implications for Practice
Results presented here provide increased granularity to assess

effects of the described depression phenotypes in spine surgery.
These results can be used to evaluate and triage patients
beyond “depression vs no depression” or “using antidepressants vs
not using antidepressants” during preoperative evaluation using
different phenotypes to optimize clinical outcomes. We found
that patients with the diagnosis of MDD followed by OtherDep,
PsychRx, NonPsychRx, and PsychOnly are likely to have worse
clinical outcomes with higher health care utilization following
spine surgeries compared to those with NoDep diagnosis.
Therefore, this risk stratification strategy can be used to identify
high-risk patients prior to spine surgeries.

Limitations
This database study relies on accuracy of ICD codes for

depression. Although use of ICD-9 codes for identifying
depressive cohorts has been validated, we cannot exclude some
residual errors due to inaccurate coding.45 We had no access to
depression questionnaires and therefore could not evaluate them.
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Utilizing the database, opioid use was evaluated by prescription
information, not based on actual documented patient ingestion.

CONCLUSION

Use of a novel EHR classification of depression allowed
for a more granular analysis of 6 depression phenotypes on
complication rates, reoperation rates, health resource utilization,
chronic opioid use, and incidence of new depression. Patients
with the diagnosis of MDD followed by OtherDep, PsychRx,
NonPsychRx, and PsychOnly cohorts are likely to have worse
clinical outcomes with higher health care utilization following
spine surgeries compared to those with NoDep diagnosis. The
findings of our study can be integrated in routine clinical
practice to triage patients with depression to optimize clinical
and health care utilization. Our results also emphasize the impor-
tance of detailed clinical history to elucidate these depression
phenotypes instead of binary classification of depression vs no
depression.

Funding
This study did not receive any funding or financial support.

Disclosures
The authors have no personal, financial, or institutional interest in any of the

drugs, materials, or devices described in this article. Dr Boakye was supported by
Ole A., Mabel Wise & Wilma Wise Nelson Endowment.

REFERENCES
1. Martin BI, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke DS. Trends

in lumbar fusion procedure rates and associated hospital costs for degener-
ative spinal diseases in the United States, 2004 to 2015. Spine. 2019;44(5):
369-376.

2. Weiss HK, Yamaguchi JT, Garcia RM, HsuWK, Smith ZA, Dahdaleh NS. Trends
in national use of anterior cervical discectomy and fusion from 2006 to 2016.World
Neurosurg. 2020;138:e42-e51.

3. Kha ST, Ilyas H, Tanenbaum JE, Benzel EC, Steinmetz MP, Mroz TE. Trends in
lumbar fusion surgery among octogenarians: a Nationwide Inpatient Sample study
from 2004 to 2013. Global Spine J. 2018;8(6):593-599.

4. Rajaee SS, Kanim LE, Bae HW. National trends in revision spinal fusion in the
USA: patient characteristics and complications. Bone Joint J. 2014;96-B(6):807-
816.

5. Khor S, Lavallee D, Cizik AM, et al. Development and validation of a prediction
model for pain and functional outcomes after lumbar spine surgery. JAMA Surg.
2018;153(7):634-642.

6. McGirt MJ, Sivaganesan A, Asher AL, Devin CJ. Prediction model for
outcome after low-back surgery: individualized likelihood of complication, hospital
readmission, return to work, and 12-month improvement in functional disability.
Neurosurg Focus. 2015;39(6):E13.

7. Bailey EA, Wirtalla C, Sharoky CE, Kelz RR. Disparities in operative outcomes in
patients with comorbid mental illness. Surgery. 2018;163(4):667-671.

8. O’Connell C, Azad TD, Mittal V, et al. Preoperative depression, lumbar fusion,
and opioid use: an assessment of postoperative prescription, quality, and economic
outcomes. Neurosurg Focus. 2018;44(1):E5.

9. AdogwaO, Parker SL, ShauDN, et al. Preoperative ZungDepression Scale predicts
outcome after revision lumbar surgery for adjacent segment disease, recurrent
stenosis, and pseudarthrosis. Spine J. 2012;12(3):179-185.

10. Adogwa O, Carr K, Fatemi P, et al. Psychosocial factors and surgical outcomes:
are elderly depressed patients less satisfied with surgery? Spine. 2014;39(19):1614-
1619.

11. Adogwa O, Elsamadicy AA, Mehta AI, et al. Association between baseline affective
disorders and 30-day readmission rates in patients undergoing elective spine
surgery.World Neurosurg. 2016;94:432-436.

12. Adogwa O, Elsamadicy AA, Sergesketter AR, et al. Relationship among Koenig
Depression Scale and postoperative outcomes, ambulation, and perception of pain
in elderly patients (≥65 years) undergoing elective spinal surgery for adult scoliosis.
World Neurosurg. 2017;107:471-476.

13. Carragee EJ, Telles CJ. Commentary: revision lumbar surgery and revisiting the
role of preoperative depression screening. Spine J. 2012;12(3):186-188.

14. Elsamadicy AA, AdogwaO, Lydon E, et al. Depression as an independent predictor
of postoperative delirium in spine deformity patients undergoing elective spine
surgery. J Neurosurg Spine. 2017;27(2):209-214.

15. PakarinenM, Vanhanen S, Sinikallio S, et al. Depressive burden is associated with a
poorer surgical outcome among lumbar spinal stenosis patients: a 5-year follow-up
study. Spine J. 2014;14(10):2392-2396.

16. Sinikallio S, Aalto T, Airaksinen O, et al. Depression is associated with
poorer outcome of lumbar spinal stenosis surgery. Eur Spine J. 2007;16(7):905-
912.

17. Sinikallio S, Aalto T, Airaksinen O, Herno A, Kroger H, Viinamaki H. Depressive
burden in the preoperative and early recovery phase predicts poorer surgery
outcome among lumbar spinal stenosis patients: a one-year prospective follow-up
study. Spine. 2009;34(23):2573-2578.

18. Chou PH, Lin CH, Cheng C, et al. Risk of depressive disorders in women
undergoing hysterectomy: a population-based follow-up study. J Psychiatr Res.
2015;68:186-191.

19. Tsai MC, Chen CH, Lee HC, Lin HC, Lee CZ. Increased risk of
depressive disorder following cholecystectomy for gallstones. PLoS One.
2015;10(6):e0129962.

20. McKhann GM, Borowicz LM, Goldsborough MA, Enger C, Selnes OA.
Depression and cognitive decline after coronary artery bypass grafting. Lancet North
Am Ed. 1997;349(9061):1282-1284.

21. Timberlake N, Klinger L, Smith P, et al. Incidence and patterns of depression
following coronary artery bypass graft surgery. J Psychosom Res. 1997;43(2):197-
207.

22. McCrone S, Lenz E, Tarzian A, Perkins S. Anxiety and depression: incidence
and patterns in patients after coronary artery bypass graft surgery. Appl Nurs Res.
2001;14(3):155-164.

23. Sullivan MJ, Reesor K, Mikail S, Fisher R. The treatment of depression in chronic
low back pain: review and recommendations. Pain. 1992;50(1):5-13.

24. Arnow BA, Hunkeler EM, Blasey CM, et al. Comorbid depression, chronic pain,
and disability in primary care. Psychosom Med. 2006;68(2):262-268.

25. Pinheiro MB, Ferreira ML, Refshauge K, et al. Symptoms of depression and risk
of new episodes of low back pain: a systematic review and meta-analysis. Arthritis
Care Res. 2015;67(11):1591-1603.

26. Dersh J, Gatchel RJ, Mayer T, Polatin P, Temple OR. Prevalence of psychiatric
disorders in patients with chronic disabling occupational spinal disorders. Spine.
2006;31(10):1156-1162.

27. Strøm J, BjerrumMB, Nielsen CV, et al. Anxiety and depression in spine surgery-a
systematic integrative review. Spine J. 2018;18(7):1272-1285.

28. Wilson BR, Tringale KR, Hirshman BR, et al. Depression after spinal surgery:
a comparative analysis of the California Outcomes Database. Mayo Clin Proc.
2017;92(1):88-97.

29. Bekeris J, Wilson LA, Fiasconaro M, et al. New onset depression and anxiety
after spinal fusion surgery: incidence and risk factors. Spine (Phila Pa 1976).
2020;45(16):1161-1169.

30. Harris AB, Marrache M, Puvanesarajah V, et al. Are preoperative depression
and anxiety associated with patient-reported outcomes, health care payments,
and opioid use after anterior discectomy and fusion? Spine J. 2020;20(8):
1167-1175.

31. Chong MS, Bajwa ZH. Diagnosis and treatment of neuropathic pain. J Pain
Symptom Manage. 2003;25(5):S4-S11.

32. Chong MS, Libretto SE. The rationale and use of topiramate for treating neuro-
pathic pain. Clin J Pain. 2003;19(1):59-68.

33. Reid RD, Pritchard G, Walker K, Aitken D, Mullen KA, Pipe AL. Managing
smoking cessation. CMAJ. 2016;188(17-18):E484-E492.

34. Wong J, Motulsky A, Abrahamowicz M, Eguale T, Buckeridge DL, Tamblyn
R. Off-label indications for antidepressants in primary care: descriptive study
of prescriptions from an indication based electronic prescribing system. BMJ.
2017;356:j603.

NEUROSURGERY VOLUME 0 | NUMBER 0 | 2021 | 13

D
ow

nloaded from
 https://academ

ic.oup.com
/neurosurgery/advance-article/doi/10.1093/neuros/nyab096/6231529 by U

niversity of Louisville user on 16 M
ay 2021



BOAKYE ET AL

35. Shah AA, Han JY. Anxiety. Continuum. 2015;21(3):772-782.
36. Kalia M. Neurobiological basis of depression: an update. Metabolism.

2005;54(5):24-27.
37. Ingram WM, Baker AM, Bauer CR, et al. Defining major depressive disorder

cohorts using the EHR: multiple phenotypes based on ICD-9 codes and
medication orders. Neurol Psychiatry Brain Res. 2020;36:18-26.

38. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use
with administrative data.Med Care. 1998;36(1):8-27.

39. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defining
comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care.
2005;43(11):1130-1139.

40. Bureau of Labor Statistics. Consumer price index (CPI) for medical care, United
States Department of Labor.

41. Sharma M, Ugiliweneza B, Aljuboori Z, Nuño MA, Drazin D, Boakye M. Factors
predicting opioid dependence in patients undergoing surgery for degenerative
spondylolisthesis: analysis from the MarketScan databases. J Neurosurg Spine.
2018;29(3):271-278.

42. Cohen J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed. 1988.
43. Sawilowsky S. New effect size rules of thumb. J Mod App Stat Meth. 2009;8(2):597-

599.
44. Stokes M, Davis C, Koch G. Categorical Data Analysis Using the SAS System. 2nd

ed. Cary, North Carolina: SAS Institute Inc.; 2000.
45. Fiest KM, Jette N, Quan H, et al. Systematic review and assessment of validated

case definitions for depression in administrative data. BMC Psychiatry. 2014;14:
289.

Supplemental digital content is available for this article at www.
neurosurgery-online.com.

Supplementary digital content. Showing ICD-9/ICD-10 and current proce-
dural terminology codes for patient selection and depression grouping.

14 | VOLUME 0 | NUMBER 0 | 2021 www.neurosurgery-online.com

D
ow

nloaded from
 https://academ

ic.oup.com
/neurosurgery/advance-article/doi/10.1093/neuros/nyab096/6231529 by U

niversity of Louisville user on 16 M
ay 2021

https://academic.oup.com/neurosurgery/article-lookup/doi/10.1093/neuros/nyab096#supplementary-data
https://academic.oup.com/neurosurgery/article-lookup/doi/10.1093/neuros/nyab096#supplementary-data

