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Objective: This study evaluates the impact of antidepressant
prescriptions on postoperative outcomes and complications in
cervical spine surgery.

Summary of Background Data: Patients who underwent cervical
spine surgery often receive antidepressant prescriptions (ADP) to
address concurrent mental health issues such as depression and
anxiety. However, the use of antidepressants can affect bone
metabolism. Yet, there is an opacity in the literature regarding
the effects of ADP on outcomes of cervical spine surgery.

Methods: Utilizing the TriNetX database, ACDF and Cervical
Arthroplasty patients were matched on a 1:1 basis according to
ADP status. Outcome variables such as emergency department
visits, hospital readmissions, opioid prescription, and misuse,
pseudoarthrosis, adjacent segment disease, and hardware failure
were evaluated over follow-up periods ranging from 2 to 24months.

Results: In a matched sample of 12,838 patients, those with ADP
exhibited significantly higher rates of opioid prescriptions at 2 weeks
(OR 1.34, P<0.0001), 6 months (OR 1.36, P<0.0001), 12 months
(OR 1.36, P<0.0001), and 24 months (OR 1.33, P<0.0001).
Emergency Department visits were significantly higher at 6 months
(OR 1.11, P=0.0082) and 24 months (OR 1.083, P=0.014). Opioid
abuse is notably higher by 24 months (OR 1.37, P=0.0033). Hos-
pitalization rates were significantly increased at 12 months (OR 1.16,
P=0.0013) and 24 months (OR 1.18, P<0.0001). Adjacent segment
disease (OR 1.54, P<0.0001 at 24 mo), hardware failure (OR 1.42,
P=0.013 at 24 mo), and pseudarthrosis (OR 1.48, P<0.0001 at
24 mo) were also significantly higher in the ADP group.

Conclusions: Patients with ADP undergoing cervical spine sur-
gery experience higher risks of opioid use and abuse, increased
hospital readmissions, emergency department visits, and a higher
rate of mechanical complications.

Level of Evidence: III
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Depression is a common comorbid condition in pa-
tients with spinal pathology.1,2 A systematic review

and meta-analysis of patients with degenerative spine
disease estimates that 30% of these patients have
depression.3

Interestingly, treatment of the physical spinal path-
ology, such as degenerative cervical radiculopathy and
myelopathy, has been shown to improve psychiatric
symptoms.4 Although patients with comorbid anxiety and
depression may experience worse outcomes, compared
with patients without these comorbid conditions, they still
experience significant improvements in quality of life
outcomes.5,6 This may be due to a potential association
between the spinal pathology or chronic pain, which may
cause or at least exacerbate psychiatric conditions.7 Still,
this association presents a challenge, as treatment of
physical symptoms may alleviate the psychiatric ones, but
the psychiatric ones may result in worse surgical
outcomes.8

Although psychiatric conditions, such as anxiety and
mood disorders, are common, they may be modifiable. In
patients with back pain, treatment of comorbid psychiatric
conditions may increase the odds of successful therapeutic
outcomes.9 In patients undergoing cervical decompression
and fusion for radiculopathy or myelopathy, findings by
Chen et al10 suggest that antidepressants may increase the
odds of depressed patients achieving similar clinical im-
provements, measured via patient-reported outcomes, as
nondepressed patients.DOI: 10.1097/BSD.0000000000001730
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However, there is still a dearth of literature assessing
the impact of these medications on postoperative out-
comes following cervical spine surgery. Therefore, this
study aims to assess the impact of antidepressant pre-
scriptions on postoperative outcomes following cervical
spine surgery, including cervical arthroplasty and anterior
cervical discectomy and fusion.

METHODS

Data Collection and Study Population
We utilized TriNetX, a database of deidentified

electronic medical records from 86 healthcare organ-
izations. The query for deidentified patient data was exe-
cuted on March 13, 2024, encompassing procedures from
inception to March 10, 2022, and follow-up visits up to
March 13, 2024, to identify eligible patients. As our study
relied solely on deidentified records without individually
identifiable data, it was exempt from Institutional Review
Board approval.

Cohort Selection and Propensity Matching
Patients who underwent cervical arthroplasty (CPT

22856) or anterior cervical discectomy and fusion (CPT
22551) were identified within the TriNetX network. Two
cohorts were established based on NLM:VA:CN600 pre-
scriptions within 1 year before the procedure, with sub-
sequent filtering for patients having a 2-year follow-up.
Specific query codes can be found in Supplemental Digital
Content 1, Table 1, http://links.lww.com/CLINSPINE/
A369.

Propensity score matching (1:1) was applied using
the TriNetX algorithm to adjust for variables such as age,
sex, body mass index, race, ethnicity, chronic kidney dis-
ease, obesity, hypothyroidism, diabetes, heart failure, liver
disease, hypertension, anxiety, dissociative stress-related
disorders, nonpsychotic mental disorders, major depres-
sive disorder, nicotine dependence, obesity, and over-
weight.

Initially, 47,265 patients who underwent cervical
arthroplasty or discectomy with a 2-year follow-up were
identified, with 15,631 (33%) receiving antidepressant
prescriptions within 1 year before the procedure. After
propensity matching, each group consisted of 12,838 pa-
tients. Significant differences in demographic character-
istics were observed before cohort propensity matching,
with patients in the antidepressant prescription cohort
more likely to have comorbidities such as diabetes melli-
tus, hypertension, heart failure, COPD, liver disease, ob-
structive disorders, heart failure, chronic kidney disease,
hypertensive disease, anxiety, dissociative stress-related
disorders, nonpsychotic mental disorders, major depres-
sive disorder, nicotine dependence, obesity, and over-
weight (P< 0.05) (Table 1).

Outcomes
The primary outcomes, which included opioid pre-

scription, new-onset opioid abuse, emergency room visits,
inpatient hospitalization, and hardware failure were

recorded at postoperative intervals of 2 weeks, 6 weeks,
3 months, 6 months, 12 months, and 24 months. New-
onset pseudoarthrosis and adjacent segment disease were
assessed at 6 months, 12 months, and 24 months post-
operatively.

Statistical Analysis
Categorical variables were compared using χ2 or

Fisher’s exact test. The Measure of Association Analysis
package through the TriNetX platform to perform uni-
variate regressions that quantified and compared the
proportion of patients experiencing the selected outcome
to generate an odds ratio and quantified significance. The
output summary provides comprehensive information,
detailing patient counts within each cohort and the prev-
alence of outcomes among them. Data are presented in
various formats, including absolutes, odds ratios, percen-
tages, and 95% CIs.

RESULTS

Unmatched Cohort
Before matching, the average ages of patients un-

dergoing cervical spine procedures, including cervical ar-
throplasty or anterior cervical discectomy and fusion, in
the ADP and control cohorts were 57± 11.3 and
57.4 ± 12.3 (P< 0.001), respectively, and the BMI was
30.1 ± 6.7 and 29.3 ± 6.2. There were 1137 patients (7.00%
of the cohort) who underwent cervical arthroplasty,
compared with 2504 patients who received cervical ar-
throplasty without ADP, with a P-value of 0.049. In ad-
dition, there were significant differences observed across
various demographic characteristics, including race/eth-
nicity (White, unknown race, female, non-Hispanic or
Latino, Hispanic or Latino, African American, Male,
Asian), as well as medical conditions such as diabetes
mellitus, hypertensive diseases, heart failure, other chronic
obstructive pulmonary disease, diseases of the liver,
chronic kidney disease (CKD), anxiety, dissociative,
stress-related, somatoform, and other nonpsychotic men-
tal disorders, major depressive disorder, recurrent, nic-
otine dependence, overweight and obesity, and use of
opioid analgesics among the study populations before 1:1
propensity matching (P> 0.05).

Propensity Matched
A total of 12,838 patients diagnosed with ADP, who

underwent ACDF or cervical arthroplasty, were propen-
sity matched to a cohort of patients without ADP. After
1:1 propensity matching, age and BMI were no longer
significantly different between groups, with a mean age of
57.1 ± 11.4 and 57.0 ± 12.0 (P= 0.75) and BMI of
29.7 ± 6.6 and 29.7 ± 6.4 (P= 0.94), respectively. In addi-
tion, there was no significant difference in demographic
characteristics between the cohorts (P> 0.05). Fur-
thermore, the difference in comorbidities were no longer
significant after matching (P> 0.05), except for major
depressive disorder, with 1034 cases in one group and 908
cases in the other group, corresponding to rates of 8.1%
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and 7.1%, respectively, with a P-value of 0.003. There was
no difference in the number of patients receiving cervical
arthroplasty versus ACDF, with 967 patients in the ADP
cohort and 1039 patients in the comparator cohort who
had received cervical arthroplasty, yielding a P-value of
0.0948. For detailed information, please refer to Table 1.

Postsurgical Outcomes: Opioid Use, Emergency
Visits, Opioid abuse Incidents, and
Hospitalization Rates

At 2 weeks postsurgery, patients with ADP had a
significantly higher rate of opioid prescriptions (9.99% vs.
7.64%, OR 1.34, P< 0.0001) which persisted and increased

TABLE 1. Demographic and Comorbidity Characteristics in Patients With and Without ADP: Pre- and Postpropensity 1:1 Match
Cohort characteristics

Unmatched Matched

Cohort Patients % of Cohort P Patients % of Cohort P

Age at index Prior ADP
No ADP

15,631
31,634

100
100

< 0.001 12,838
12,838

100
100

0.940

White Prior ADP
No ADP

12,845
24,394

82.2
77.1

< 0.001 10,467
10,561

81.5
82.3

0.128

Unknown race Prior ADP
No ADP

738
1,905

4.7
6.0

< 0.001 631
623

4.9
4.9

0.817

Female Prior ADP
No ADP

9,811
14,148

62.8
44.7

< 0.001 7,498
7,615

58.4
59.3

0.138

Unknown ethnicity Prior ADP
No ADP

1,868
3,846

12.0
12.2

0.516 1,544
1,534

12.0
11.9

0.848

Not Hispanic or
Latino

Prior ADP
No ADP

13,202
26,318

84.5
83.2

< 0.001 10,809
10,835

84.2
84.4

0.656

Hispanic or Latino Prior ADP
No ADP

561
1470

3.6
4.6

< 0.001 485
469

3.8
3.7

0.598

African American Prior ADP
No ADP

1564
3799

10.0
12.0

< 0.001 1330
1304

10.4
10.2

0.593

Male Prior ADP
No ADP

5814
17,448

37.2
55.2

< 0.001 5334
5220

41.5
40.7

0.148

Other race Prior ADP
No ADP

289
667

1.8
2.1

0.059 237
208

1.8
1.6

0.166

Asian Prior ADP
No ADP

118
701

0.8
2.2

< 0.001 113
82

0.9
0.6

0.026

Comorbidities
Diabetes mellitus Prior ADP

No ADP
4246
6559

27.2
20.7

< 0.001 3166
3116

24.7
24.3

0.468

Hypertensive
diseases

Prior ADP
No ADP

9806
16,624

62.7
52.6

< 0.001 7701
7693

60.0
59.9

0.919

Heart failure Prior ADP
No ADP

1178
1565

7.5
4.9

< 0.001 844
813

6.6
6.3

0.431

Other chronic
obstructive
pulmonary
disease

Prior ADP
No ADP

2333
2626

14.9
8.3

< 0.001 1599
1566

12.5
12.2

0.531

Diseases of liver Prior ADP
No ADP

2187
2669

14.0
8.4

< 0.001 1489
1505

11.6
11.7

0.756

Chronic kidney
disease (CKD)

Prior ADP
No ADP

1489
2023

9.5
6.4

< 0.001 1071
1027

8.3
8.0

0.316

Anxiety,
dissociative, stress-
related,
somatoform and
other nonpsychotic
mental disorders

Prior ADP
No ADP

9480
8277

60.6
26.2

< 0.001 6729
6846

52.4
53.3

0.144

Major depressive
disorder,
recurrent

Prior ADP
No ADP

2566
1034

16.4
3.3

< 0.001 1034
908

8.1
7.1

0.003

Nicotine
dependence

Prior ADP
No ADP

5246
7508

33.6
23.7

< 0.001 3166
3116

24.7
24.3

0.468

Overweight and
obesity

Prior ADP
No ADP

6283
8961

40.2
28.3

< 0.001 7701
7693

60.0
59.9

0.919

Opioid analgesics Prior ADP
No ADP

15,566
29,404

99.6
93.0

< 0.001 12,773
12,757

99.5
99.4

0.184

Bold values indicate statistically significant (P value< 0.05.)
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through 6 months (32.15% vs. 25.81%, OR 1.36,
P< 0.0001), 12 months (40.23% vs. 33.36%, OR 1.36,
P< 0.0001), and 24 months (48.29% vs. 41.38%, OR 1.33,
P< 0.0001). ED visit rates were slightly higher but not
significant at 2 weeks (ADP: 1.92% vs. control: 1.79%, OR
1.08, P= 0.432), became significant at 6 months (ADP:
11.82% vs control: 10.77%, OR 1.11, P= 0.0082), con-
tinued the trend at 12 months (ADP: 17.35% vs. control:
16.47%, OR 1.082, P= 0.058), and were significantly
higher at 24 months (ADP: 23.76% vs. control: 22.46%,
OR 1.083, P= 0.014). Opioid abuse rates were comparable
at 2 weeks (ADP: 0.09% vs. control: 0.08%, OR 1.2,
P= 0.67) and remained nonsignificant at 6 and 12 months,
but a significant difference emerged by 24 months (ADP:
0.80% vs. control: 0.51%, OR 1.37, P= 0.0033). Hospi-
talization rates showed no significant difference at 2 weeks
(ADP: 2.10% vs. control: 2.20%, OR 0.95, P= 0.58), but
an almost significant difference by 6 months (ADP: 6.49%
vs. control: 5.93%, OR 1.10, P= 0.0626), which became
significant at 12 months (ADP: 9.76% vs. control: 8.60%,
OR 1.16, P= 0.0013) and more pronounced at 24 months
(ADP: 13.88% vs. control: 12.02%, OR 1.18, P< 0.0001).
A detailed list of postoperative complications and events
can be found in Figure 1, Tables 2, 3. Comprehensive data
detailing postoperative complications and associated
events are presented in Figure 1, Tables 2, 3.

Mechanical Complications
Adjacent segment disease was more prevalent in the

ADP group at 6 months (2.87% vs. 1.89%, OR 1.54,
P< 0.0001), 12 months (3.90% vs. 2.72%, OR 1.35,
P< 0.0001), and 24 months (5.17% vs. 3.60%, OR 1.34,
P< 0.0001). For hardware failure, no significant differ-
ences were observed at 6 months (ADP: 0.23% vs. control:
0.18%, OR 1.31, P= 0.34) or 12 months (ADP: 0.39% vs.
control: 0.33%, OR 1.21, P= 0.60), but a significant dif-
ference was noted at 24 months (ADP: 0.69% vs. control:
0.45%, OR 1.42, P= 0.013). Pseudarthrosis rates were
slightly higher in the ADP group at 6 months (ADP:
2.85% vs. control: 2.44%, OR 1.17, P= 0.0393), with an
increasing trend at 12 months (ADP: 3.99% vs. control:
3.25%, OR 1.39, P= 0.0015), and significant differences
noted at 24 months (ADP: 5.11% vs. control: 4.03%, OR
1.48, P< 0.0001). A detailed list of mechanical complica-
tions can be found in Figure 2 and Table 3.

DISCUSSION
This retrospective cohort study assessed postoperative

outcomes following ACDF or CDA in propensity score
matched cohorts of patients with and without prior anti-
depressant prescriptions using a large database. We assessed
both short-term outcomes, as well as intermediate-term
outcomes out to 24 months, allowing for robust longitudinal
analysis. Key findings included increased opioid use, higher
rates of opioid abuse, and greater surgical complications,
including pseudoarthrosis, and adjacent segment disease in
patients with prior antidepressant use. These patients also
had greater healthcare utilization, with both more emergency
department visits and hospitalizations at 12 and 24 months.

Our findings are corroborated by related literature.
Toci et al found that patients with depression or anxiety
undergoing posterior cervical fusion had less improvement
in patient-reported outcomes and higher rates of revision
surgery.11 Patients with depression also experience a worse
hospital course, with longer hospital stays and greater
odds of an unfavorable discharge disposition, and greater
complications following anterior cervical discectomy and
fusion.12 Furthermore, there is ample evidence demon-
strating a greater risk of intraoperative bleeding in patients
taking antidepressants due to platelet dysfunction.13

Lambrechts et al14 also reported increased rates of
pseudoarthrosis in patients taking serotonin reuptake in-
hibitors (SSRIs), a major class of antidepressants, under-
going ACDF and implicated SSRI’s impact on osteoblast
differentiation. They also reported a greater rate of

FIGURE 1. Comparison of postoperative opioid use, abuse,
hospital admissions, and emergency room visits in patients
with and without ADP before cervical spine surgery.
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adjacent segment disease in these patients. Pirkle et al15
had similar findings—increased rates of pseudoarthrosis
associated with SSRI use—in the setting of lumbar fusion.
SSRIs are also associated with bone loss, and may increase
fall and fracture risk.16–19 These effects on bone quality
and fall and fracture risk may contribute to some of the
complications we observed in our study.

With respect to opioid use, findings in the literature
are somewhat mixed. Makanji et al20 found that patients
with a diagnosis of anxiety, depression, or both did not
require any more opioid prescriptions than a control
group in the setting of cervical spine fusion. However, this
study used the presence of a diagnosis to define these co-
morbid conditions, rather than antidepressant therapy,
which may explain these disparate findings. It is possible
that those receiving antidepressant prescriptions have
more severe disease and may be more likely to be actively
experiencing a mental health episode. Still, multiple
studies have reported findings similar to our own, with
patients with depression or anxiety demonstrating in-
creased opioid use and experiencing a higher risk of
chronic opioid use following ACDF.21,22

This may reflect a difference in pain, response to pain
control, or other multifaceted relationship between mental
illness and pain. Kim et al23 reported that patients with
depression had less successful pain control following steroid
injections for degenerative spine disease, suggesting greater

difficulty with nonopioid pain control modalities for de-
pressed patients as well. Rogers et al24 proposed that
emotional dysregulation—an impaired ability to identify
and appropriately respond to one’s own emotions—may
contribute to increased opioid use disorder in patients with
depression, suggesting behavioral and psychosocial factors,
not just physical pain, may contribute to this relationship.
Sullivan proposed a biological mechanism, suggesting that
depressed patients may have an impaired endogenous
opioid response to stressors and may compensate by in-
creased opioid use.25 They also suggested depressed patients
may be more susceptible to use opioids for other uses, in-
cluding treatment of insomnia, stress, and nonmedical uses.
Furthermore, the relationship between depression and
opioid use may be bidirectional, with patients using opioids
longer than 30 days are at increased risk of depression.26

Regardless, our findings suggest increased risk of
complication and chronic opioid use in patients with
preoperative antidepressant use. This data can inform
surgeons and other providers in managing these patients in
the postoperative period, as well as aid in preoperative risk
assessment and patient counseling. Specifically, these
findings indicate cause for concern with respect to pain
control for these patients. Future research should aim to
create better multimodal and opioid sparing pain control
regimens for patients with psychiatric conditions. This
work could mitigate the risks of opioid use, both chronic

TABLE 2. Comparison of Postoperative Outcomes Between Cohorts With and ADP at 2 Weeks to 3 Months
2 W 6 W 3 M

Outcome Cohort % OR (95% CI) P % OR (95% CI) P % OR (95% CI) P

Opioid prescription Prior ADP 9.99 1.34 (1.230, 1.464) < 0.0001 17.88 1.35 (1.26, 1.44) < 0.0001 24.41 1.35 (1.27, 1.43) < 0.0001
No ADP 7.64 13.91 19.36

ED visits Prior ADP 1.92 1.08 (0.90, 1.29) 0.432 4.48 1.15 (1.013, 1.294) 0.030 7.49 1.12 (1.014, 1.23) 0.024
No ADP 1.79 3.93 6.76

Opioid abuse Prior ADP 0.09 1.2 (0.52, 2.78) 0.67 0.16 2.002 (0.94, 4.28) 0.068 0.19 1.41 (0.76, 2.63) 0.27
No ADP 0.08 0.08 0.13

Hospitalization Prior ADP 2.10 0.95 (0.81, 1.13) 0.58 3.07 1.049 (0.91, 1.21) 0.51 4.36 1.051 (0.93, 1.19) 0.42
No ADP 2.20 2.93 4.16

TABLE 3. Comparative Analysis of Postoperative Outcomes Between ADP and Non-ADP Cohorts at 6 to 24 Months
6 M 12 M 24 M

Outcome Cohort % OR (95% CI) P % OR (95% CI) P % OR (95% CI) P

Opioid prescription Prior ADP 32.15 1.36 (1.29, 1.44) < 0.0001 40.23 1.36 (1.29, 1.43) < 0.0001 48.29 1.33 (1.27,1.40) < 0.0001
No ADP 25.81 33.36 41.38

ED visits Prior ADP 11.82 1.11 (1.027, 1.12) 0.0082 17.35 1.082 (1.015, 1.153) 0.058 23.76 1.083 (1.023,1.15) 0.014
No ADP 10.77 16.47 22.46

Opioid abuse Prior ADP 0.30 1.45 (0.89, 2.36) 0.1391 0.55 1.42 (0.972, 2.087) 0.020 0.80 1.37 (1.012,1.85) 0.0033
No ADP 0.21 0.35 0.51

Hospitalization Prior ADP 6.49 1.10 (0.995, 1.219) 0.0626 9.76 1.16 (1.065, 1.257) 0.0013 13.88 1.18 (1.095,1.26) < 0.0001
No ADP 5.93 8.60 12.02

Pseudarthrosis Prior ADP 2.85 1.17 (1.008, 1.37) 0.0393 3.99 1.39 (1.079, 1.78) 0.0015 5.11 1.48 (1.21,1.83) < 0.0001
No ADP 2.44 3.25 4.03

Adjacent segment
disease

Prior ADP 2.87 1.54 (1.307, 1.815) < 0.0001 3.90 1.35 (1.096, 1.66) < 0.0001 5.17 1.34 (1.13,1.58) < 0.0001

No ADP 1.89 2.72 3.60
Hardware failure Prior ADP 0.23 1.31 (0.76, 2.25) 0.34 0.39 1.21 (0.84, 1.79) 0.40 0.69 1.42 (1.031,1.95) 0.013

No ADP 0.18 0.33 0.45
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and in the acute setting for these patients. In addition,
research into the biologic effects of antidepressants on
bone healing is warranted. Understanding this mechanism
could potentiate interventions to improve surgical and
potentially all cause musculoskeletal health outcomes in
these patients.

Limitations
Our study benefits from a large patient cohort and

data from multiple institutions, enhancing general-
izability. However, limitations include a lack of gran-
ularity in data hindering factors such as bone loss
quantification, tracking care transitions outside the Tri-
NetX network, and obtaining patient-reported outcomes.
Billing practices may introduce potential errors, and
missing data on surgery indication and implant type are
notable limitations. The retrospective nature of this study
introduces inherent bias, relying on electronic medical
records that may contain errors and vary across in-
stitutions. We did not include information on treatment
compliance, surgery indication, surgeon experience, re-
habilitation protocol, specific antidepressants, dosage,
duration of therapy, or prescription indication, despite the
heterogeneity of antidepressants and the variety of patient
pathologies they may address. It is important to note that
our results are associations that we found using statistical
analysis of a propensity matched cohort. They do not
represent any causal relationship. Propensity score
matching minimizes bias, but future prospective studies
are needed to clarify relationships between medications,

prescribed pathologies, and outcomes in cervical spine
surgery.

CONCLUSIONS
Mood and anxiety disorders are common in patients

with operatively managed cervical spine pathology, with
many patients undergoing treatment with antidepressants
in the perioperative period. This study assessed outcomes
associated with antidepressant use in the setting of ACDF
or CDA and found that antidepressants were associated
with an increased risk of surgical complications including
hardware failure, pseudoarthrosis, and adjacent segment
disease. They also had greater opioid prescriptions, higher
risk of opioid abuse, and greater hospitalizations and ED
visits in the postoperative period.
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