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OBJECTIVE  Depression and anxiety are associated with inferior outcomes following spine surgery. In this study, the 
authors examined whether patients with cervical spondylotic myelopathy (CSM) who have both self-reported depression 
(SRD) and self-reported anxiety (SRA) have worse postoperative patient-reported outcomes (PROs) compared with pa-
tients who have only one or none of these comorbidities.
METHODS  This study is a retrospective analysis of prospectively collected data from the Quality Outcomes Database 
CSM cohort. Comparisons were made among patients who reported the following: 1) either SRD or SRA, 2) both SRD 
and SRA, or 3) neither comorbidity at baseline. PROs at 3, 12, and 24 months (scores for the visual analog scale [VAS] 
for neck pain and arm pain, Neck Disability Index [NDI], modified Japanese Orthopaedic Association [mJOA] scale, EQ-
5D, EuroQol VAS [EQ-VAS], and North American Spine Society [NASS] patient satisfaction index) and achievement of 
respective PRO minimal clinically important differences (MCIDs) were compared.
RESULTS  Of the 1141 included patients, 199 (17.4%) had either SRD or SRA alone, 132 (11.6%) had both SRD and 
SRA, and 810 (71.0%) had neither. Preoperatively, patients with either SRD or SRA alone had worse scores for VAS 
neck pain (5.6 ± 3.1 vs 5.1 ± 3.3, p = 0.03), NDI (41.0 ± 19.3 vs 36.8 ± 20.8, p = 0.007), EQ-VAS (57.0 ± 21.0 vs 60.7 
± 21.7, p = 0.03), and EQ-5D (0.53 ± 0.23 vs 0.58 ± 0.21, p = 0.008) than patients without such disorders. Postopera-
tively, in multivariable adjusted analyses, baseline SRD or SRA alone was associated with inferior improvement in the 
VAS neck pain score and a lower rate of achieving the MCID for VAS neck pain score at 3 and 12 months, but not at 24 
months. At 24 months, patients with SRD or SRA alone experienced less change in EQ-5D scores and were less likely 
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Cervical spondylotic myelopathy (CSM) is an age-
related degenerative condition of the cervical spine 
that results in spinal cord compression. Symptoms 

often develop insidiously and commonly involve sensory 
and motor deficits that can significantly impact patient 
quality of life.1 The incidence of psychiatric disorders such 
as depression and anxiety is high in patients with degener-
ative spine disorders.2–6 Specifically, depressed or anxious 
mood has been reported in more than one-third of patients 
with CSM and is associated with gait impairment.7

The negative association between psychiatric disorders, 
such as depression and anxiety, and postoperative pain 
and outcome is well established in the spine literature.8–10 
The debilitating impact of CSM on functional capacity 
and quality of life—coupled with the fairly high rate of 
psychiatric symptoms in this patient population—lead 
to the question of whether the combination of comorbid 
depression and anxiety further diminishes the quality of 
short- and long-term surgical outcomes in patients with 
CSM. Toward this end, we used the Quality Outcomes 
Database (QOD) CSM module to explore whether patients 
with CSM who have self-reported depression (SRD) and 
self-reported anxiety (SRA) have worse postoperative pa-
tient-reported outcomes (PROs) compared with those who 
have only one or none of these comorbidities.

Methods
Selection of Patients

This was a retrospective study of data prospectively 
collected from an augmented data set from the QOD Reg-
istry Cervical Module. Institutional review board approval 
from the University of California, San Francisco, was ob-
tained and patient consent was waived due to the retro-
spective nature of the study.

The QOD Registry Cervical Module consists of a rep-
resentative sample of patients—from each participating 
QOD site—who have undergone cervical surgery for de-
generative disease, including disc herniation, stenosis (fo-
raminal/central), instability, pseudarthrosis, and adjacent-
segment disease. This augmented data set represents the 
coordination of 14 high-enrolling sites that combined their 
QOD Registry Cervical Module data and collected addi-
tional data points. Data were audited by a central team and 

by individual sites. The inclusion criteria of the augmented 
data set (the QOD CSM cohort) have been described pre-
viously.11–18 We included adult patients aged ≥ 18 years 
with the following: 1) a surgical indication of CSM, 2) a 
predominant symptom of myelopathy, 3) a modified Japa-
nese Orthopaedic Association (mJOA) score < 17, and 4) a 
history of elective surgery between January 2016 and De-
cember 2018. Patients were excluded if they had spinal in-
fection, tumor, fracture, traumatic dislocation, deformity, 
or neurological paralysis due to preexisting spine disease 
or injury. We divided the patients into their respective co-
horts depending on whether they reported 1) both SRD 
and SRA, 2) SRD or SRA alone, or 3) neither SRD nor 
SRA at a baseline preoperative encounter. It is important 
here to note that the symptoms of depression and/or anxi-
ety were self-reported and not clinically diagnosed.

Study Variables
Demographic data included age, sex, race, insurance 

type, education level, and employment status. Baseline 
clinical characteristics included body mass index (BMI); 
smoking status; American Society of Anesthesiologists 
(ASA) grade; type of symptoms (arm weakness, arm pain, 
arm numbness, neck pain); location of pain (neck, arm); 
comorbidities (diabetes mellitus type 1 or 2, coronary 
artery disease, arthritis); procedure type (anterior cervi-
cal discectomy and fusion [ACDF], anterior cervical cor-
pectomy and fusion [ACCF], cervical disc replacement 
[CDR], laminectomy with fusion, laminectomy without 
fusion, laminoplasty); and degree of cervical myelopathy, 
neck and arm pain, disability, and quality of life. Periop-
erative outcomes included estimated blood loss, length of 
hospital stay, readmission within 30 and 90 days, and re-
operation within 30 days. Postoperative outcomes includ-
ed PROs, change in PROs, meeting minimal clinically im-
portant differences (MCIDs) in PROs, and return to work 
and baseline activities.

Study Outcomes
We collected 3-, 12-, and 24-month outcomes for each 

of the PROs. Specifically, neck and arm pain were mea-
sured using the visual analog scale (VAS) with scores 
ranging from 0 (no pain) to 10 (worst pain possible). Neck 

to meet the MCID for EQ-5D than patients without SRD or SRA. Furthermore, patient self-reporting of both psychologi-
cal comorbidities did not impact PROs at all measured time points compared with self-reporting of only one psychologi-
cal comorbidity alone. Each cohort (SRD or SRA alone, both SRD and SRA, and neither SRD nor SRA) experienced 
significant improvements in mean PROs at all measured time points compared with baseline (p < 0.05).
CONCLUSIONS  Approximately 12% of patients who underwent surgery for CSM presented with both SRD and SRA, 
and 29% presented with at least one symptom. The presence of either SRD or SRA was independently associated with 
inferior scores for 3- and 12-month neck pain following surgery, but this difference was not significant at 24 months. 
However, at long-term follow-up, patients with SRD or SRA experienced lower quality of life than patients without SRD 
or SRA. The comorbid presence of both depression and anxiety was not associated with worse patient outcomes than 
either diagnosis alone.
https://thejns.org/doi/abs/10.3171/2023.2.SPINE22685
KEYWORDS  depression; anxiety; cervical spondylotic myelopathy; patient-reported outcomes; Quality Outcomes 
Database
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TABLE 1. Baseline characteristics, perioperative outcomes, and complications for comparison between patient cohorts with either 
depression or anxiety versus those with neither depression nor anxiety

Variable Either Depression or Anxiety (n = 199) Neither Depression nor Anxiety (n = 810) p Value

Age, yrs 60.2 ± 11.6 61.0 ± 11.9 0.37
Female 125 (62.8) 330 (40.7) <0.001*
BMI 31.2 ± 6.3 29.9 ± 6.2 0.009*
Smoker 37 (18.6) 130 (16.0) 0.27
Comorbidities
  Diabetes mellitus 42 (21.1) 175 (21.6) 0.88
  Coronary artery disease 18 (9.0) 74 (9.1) 0.97
  Arthritis 58 (29.1) 213 (26.3) 0.43
Caucasian 166 (83.4) 592 (73.1) 0.001*
College-level education ≥4 yrs 73 (36.7) 290 (35.8) 0.83
Employed or employed & on leave 71 (35.7) 405 (50.0) <0.001*
Insurance 0.11
  Medicare 80 (40.2) 315 (38.9)
  Medicaid 24 (12.1) 47 (5.8)
  VA/government 5 (2.5) 18 (2.2)
  Private 87 (43.7) 421 (52.0)
Presenting symptoms
  Arm weakness 58 (29.1) 252 (31.1) 0.59
  Arm pain 97 (48.7) 358 (44.2) 0.25
  Arm numbness 114 (57.3) 475 (58.6) 0.73
  Neck pain 133 (66.8) 505 (62.3) 0.23
Predominant pain location 0.01*
  Neck 74 (37.2) 241 (29.8)
  Arm 34 (17.1) 136 (16.8)
Motor deficit 125 (62.8) 491 (60.6) 0.57
Independently ambulatory 154 (77.4) 673 (83.1) 0.15
Symptom duration, mos 0.67
  <12 89 (44.7) 376 (46.4)
  >12 94 (47.2) 355 (43.8)
ASA grade 0.44
  1 or 2 102 (51.3) 440 (54.3)
  3 or 4 97 (48.7) 370 (45.7)
Procedure breakdown 0.047*
  ACDF 99 (49.7) 482 (59.5)
  ACCF 19 (9.5) 67 (8.3)
  CDR 8 (4.0) 25 (3.1)
  Laminectomy w/ fusion 53 (26.6) 159 (19.6)
  Laminectomy w/o fusion 14 (7.0) 48 (5.9)
  Laminoplasty 6 (3.0) 29 (3.6)
mJOA, baseline 12.0 ± 2.8 12.2 ± 2.8 0.34
VAS neck pain, baseline 5.6 ± 3.1 5.1 ± 3.3 0.03*
VAS arm pain, baseline 5.0 ± 3.1 4.8 ± 3.5 0.36
NDI, baseline 41.0 ± 19.3 36.8 ± 20.8 0.007*
EQ-VAS, baseline 57.0 ± 21.0 60.7 ± 21.7 0.03*
EQ-5D, baseline 0.53 ± 0.23 0.58 ± 0.21 0.008*
Estimated blood loss, ml 94.5 ± 113 87.1 ± 135 0.42
Hospitalization duration, days 2.4 ± 2.4 2.0 ± 2.3 0.07
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and arm pain changes were calculated by obtaining the 
difference between the VAS pain score at each follow-up 
time point and the score at baseline. MCIDs in neck and 
arm pain were defined as a binary variable either achiev-
ing or not achieving the MCID (which is a score change 
of −2.6 points for neck pain and −4.1 for arm pain).19–21 
The degree of cervical myelopathy was assessed using the 
mJOA score, which defines myelopathy as follows: scores 
15–17, mild; 12–14, moderate; and 0–11, severe.22 To 
achieve MCID, patients with mJOA scores > 14 needed to 
improve by +1, those with mJOA scores of 12–14 needed 
to improve by +2, and those with mJOA scores < 12 need-
ed to improve by +3.23 Disability was determined by using 
the Neck Disability Index (NDI), which is used to assess 
the extent to which neck pain contributes to a patient’s 
ability to perform activities of daily living by summing 
patient-reported pain ratings (ranging from 0 indicating no 
pain to 5 indicating worst pain possible) from 10 sections 
and converted to a percentage (out of 100%). MCID was 
met if patients underwent a change of −17.3%.20 Health 
status was evaluated using the EuroQol VAS (EQ-VAS) 
score, which ranges from 0 (worst imaginable health) to 
100 (best imaginable health). Health-related quality of 
life was measured using the EQ-5D, which is graded on 
a scale from −0.11 (state equivalent to being dead) to 1 
(full health). MCID was achieved if patients experienced 
improvement of +0.0485.20 Finally, patient satisfaction 
was evaluated using the North American Spine Society 
(NASS) patient satisfaction index with scores ranging 
from 1 to 4. A score of 1 indicates “the treatment met my 

expectations”; 2 indicates “I did not improve as much as I 
had hoped, but I would undergo the same treatment for the 
same outcome”; 3 indicates “I did not improve as much as 
I had hoped, and I would not undergo the same treatment 
for the same outcome”; and 4 indicates “I am the same or 
worse than before treatment.”

Statistical Analysis
Descriptive categorical variables were summarized 

using frequency counts and continuous variables using 
means. Linear regression was used for continuous vari-
ables, logistic regression was used for categorical vari-
ables, and ordinal logistic regression was used for ordinal 
variables. Paired and unpaired t-tests and ANOVA were 
utilized as appropriate. Multivariable analysis, including 
covariates reaching p < 0.05 on univariate comparisons 
among the different comparison groups, was used to com-
pare the differences in PROs at 3-, 12-, and 24-month 
follow-ups between patients as follows: 1) those who had 
either SRD or SRA versus neither SRD nor SRA, and 2) 
those who had either SRD or SRA versus those who had 
both SRD and SRA. Missing data were handled with the 
MissForest imputation algorithm, which imputes all miss-
ing data using the mean/mode and then fits a random for-
est model to predict the missing values for each variable 
by going through an iterative process until a stopping cri-
terion is met. This imputation algorithm was appropriate 
for this study because data were missing at random, as 
shown in Supplemental Fig. 1. All analyses were done us-
ing RStudio.

» CONTINUED FROM PAGE 3

TABLE 1. Baseline characteristics, perioperative outcomes, and complications for comparison between patient cohorts with either 
depression or anxiety versus those with neither depression nor anxiety

Variable Either Depression or Anxiety (n = 199) Neither Depression nor Anxiety (n = 810) p Value

Discharge disposition 0.21
  Home routine 156 (78.4) 665 (82.1)
  Home w/ home healthcare services 13 (6.5) 59 (7.3)
  Post– or non–acute care setting 28 (14.1) 77 (9.5)
  Another acute care facility 2 (1.0) 7 (0.9)
Readmission w/in 30 days 0.67
  Hematoma 0 (0) 3 (0.4)
  SSI 0 (0) 2 (0.2)
  Wound dehiscence 1 (0.5) 1 (0.1)
Readmission w/in 90 days 0.85
  Hematoma 0 (0) 3 (0.4)
  SSI 2 (1.0) 1 (0.1)
  Wound dehiscence 2 (1.0) 3 (0.4)
  DVT 0 (0) 2 (0.2)
Reop w/in 30 days 0.39
  Hematoma 0 (0) 2 (0.2)
  SSI 1 (0.5) 2 (0.2)

DVT = deep vein thrombosis; SSI = surgical site infection; VA = Veterans Affairs. 
Values are presented as mean ± SD or number (%) of patients unless otherwise indicated. 
* Significant difference with p < 0.05.
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TABLE 2. Univariate comparison of clinical outcomes for depression or anxiety versus neither depression nor anxiety

Variable Depression or Anxiety (n = 199) Neither Depression nor Anxiety (n = 810) Unadjusted p Value

3 mos
  VAS neck pain 3.3 ± 2.7 2.7 ± 2.4 0.005*
  VAS neck pain change −2.3 ± 3.1 −2.4 ± 3.2 0.85
  MCID VAS neck pain 88 (44.2) 380 (46.3) 0.50
  VAS arm pain 2.5 ± 3.0 2.2 ± 2.5 0.30
  VAS arm pain change −2.6 ± 3.5 −2.6 ± 3.5 0.98
  MCID VAS arm pain 62 (31.2) 251 (31.0) 0.96
  mJOA 13.9 ± 2.4 14.0 ± 2.4 0.69
  mJOA change 1.9 ± 2.6 1.7 ± 2.5 0.51
  MCID mJOA 110 (55.3) 406 (50.1) 0.19
  NDI 25.8 ± 16.8 22.4 ± 16.2 0.01*
  NDI change −15.2 ± 18.0 −14.4 ± 18.9 0.59
  MCID NDI 89 (44.7) 348 (43.0) 0.66
  EQ-VAS 67.8 ± 18.9 70.5 ± 17.8 0.07
  EQ-VAS change 10.8 (21.5) 9.9 (22.3) 0.58
  EQ-5D 0.71 ± 0.19 0.74 ± 0.18 0.01*
  EQ-5D change 0.17 ± 0.23 0.16 ± 0.21 0.55
  MCID EQ-5D 132 (66.3) 550 (67.9) 0.68
  NASS satisfaction† 0.98
    1 144 (72.4) 561 (69.3)
    2 33 (16.6) 160 (19.8)
    3 7 (3.5) 35 (4.3)
    4 15 (7.5) 54 (6.7)
  Return to work 120 (60.3) 503 (62.1) 0.004*
  Return to activities 67 (33.7) 280 (34.6) 0.521
12 mos
  VAS neck pain 3.3 ± 2.5 2.7 ± 2.5 0.004*
  VAS neck pain change −2.4 ± 3.4 −2.4 ± 3.2 0.92
  MCID VAS neck pain 96 (48.2) 395 (48.8) 0.90
  VAS arm pain 2.4 ± 2.5 2.3 ± 2.5 0.38
  VAS arm pain change −2.6 ± 3.2 −2.5 ± 3.5 0.82
  MCID VAS arm pain 59 (29.6) 255 (31.5) 0.61
  mJOA 13.5 ± 2.6 13.9 ± 2.4 0.07
  mJOA change 1.5 ± 2.9 1.7 ± 2.7 0.48
  MCID mJOA 97 (48.7) 392 (48.4) 0.93
  NDI 23.1 ± 16.5 20.1 ± 16.7 0.02*
  NDI change −17.9 ± 19.1 −16.7 ± 19.4 0.43
  MCID NDI 101 (50.8) 387 (47.8) 0.45
  EQ-VAS 69.9 ± 15.8 70.8 ± 18.2 0.51
  EQ-VAS change 12.9 ± 22.0 10.1 ± 23.6 0.11
  EQ-5D 0.70 ± 0.19 0.75 ± 0.17 0.001*
  EQ-5D change 0.17 ± 0.25 0.17 ± 0.21 0.97
  MCID EQ-5D 133 (66.8) 571 (70.5) 0.33
  NASS satisfaction† 0.58
    1 127 (63.8) 522 (64.4)
    2 46 (23.1) 194 (24.0)
    3 9 (4.5) 45 (5.6)
    4 17 (8.5) 49 (6.0)
  Return to work 131 (65.8) 586 (72.3) 0.006*
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Results
Descriptive and Preoperative Characteristics of Patients 
With One Self-Reported Psychological Symptom Versus 
None

From January 2016 through December 2018, 5289 pa-
tients were enrolled in the QOD Registry Cervical Mod-
ule at the 14 participating sites. Overall, 1141 patients met 
the inclusion criteria and were included in the QOD CSM 
cohort. In total, 948 (83.1%) reached the 24-month follow-
up. Of the 1141 patients, 199 (17.4%) patients self-reported 
having preoperative depression (119 [10.4%]) or anxiety 
(80 [7.0%]), while 810 (71.0%) had neither. We found 
that those who had SRD or SRA were more often female 
(62.8% vs 40.7%, p < 0.001) and Caucasian (83.4% vs 
73.1%, p = 0.001), had higher BMI (31.2 ± 6.3 vs 29.9 ± 6.2, 
p = 0.009), and were less likely to be employed (35.7% vs 
50.0%, p < 0.001) compared with those without any self-
reported psychiatric symptoms (Table 1). Preoperatively, 
patients with SRD or SRA had worse VAS neck pain (5.6 

± 3.1 vs 5.1 ± 3.3, p = 0.03), NDI (41.0 ± 19.3 vs 36.8 ± 
20.8, p = 0.007), EQ-VAS (57.0 ± 21.0 vs 60.7 ± 21.7, p = 
0.03), and EQ-5D (0.53 ± 0.23 vs 0.58 ± 0.21, p = 0.008) 
compared with those without SRD or SRA.

Perioperative Outcomes for One Self-Reported 
Psychological Symptom Versus None

Table 1 shows the comparison of perioperative out-
comes between the two cohorts. There was no difference 
in estimated blood loss (94.5 ± 113 vs 87.1 ± 135 ml, p = 
0.42), length of hospitalization (2.4 ± 2.4 vs 2.0 ± 2.3 days, 
p = 0.07), and discharge disposition (p = 0.21). There also 
was no difference in the rates of readmission within 30 
and 90 days and reoperation within 30 days (all p > 0.05).

Postoperative PROs in Patients With One Psychological 
Disorder Versus None

Univariable analysis of the postoperative clinical out-
comes between the two cohorts is summarized in Table 

» CONTINUED FROM PAGE 5

TABLE 2. Univariate comparison of clinical outcomes for depression or anxiety versus neither depression nor anxiety

Variable Depression or Anxiety (n = 199) Neither Depression nor Anxiety (n = 810) Unadjusted p Value

12 mos (continued)
  Return to activities 75 (37.7) 297 (36.7) 0.81
24 mos
  VAS neck pain 2.9 ± 2.7 2.6 ± 2.6 0.16
  VAS neck pain change −2.8 ± 3.5 −2.5 ± 3.4 0.36
  MCID VAS neck pain 103 (51.8) 398 (49.1) 0.51
  VAS arm pain 2.3 ± 2.6 2.2 ± 2.7 0.85
  VAS arm pain change −2.7 ± 3.6 −2.5 ± 3.7 0.50
  MCID VAS arm pain 77 (38.7) 275 (34.0) 0.22
  mJOA 13.8 ± 2.3 14.1 ± 2.3 0.09
  mJOA change 1.8 ± 2.9 1.9 ± 2.9 0.65
  MCID mJOA 101 (50.8) 424 (52.3) 0.69
  NDI 24.2 ± 17.5 19.8 ± 17.3 0.002*
  NDI change −16.7 ± 20.2 −17.0 ± 20.4 0.88
  MCID NDI 107 (53.8) 388 (47.9) 0.14
  EQ-VAS 66.7 ± 20.4 69.2 ± 20.2 0.12
  EQ-VAS change 9.7 (24.5) 8.5 (25.6) 0.54
  EQ-5D 0.69 ± 0.35 0.74 ± 0.28 0.05
  EQ-5D change 0.16 ± 0.25 0.17 ± 0.23 0.70
  MCID EQ-5D 127 (63.8) 568 (70.1) 0.10
  NASS satisfaction† 0.28
    1 138 (69.3) 547 (67.5)
    2 39 (19.6) 151 (18.6)
    3 9 (4.5) 46 (5.7)
    4 13 (6.5) 66 (8.1)
  Return to work 116 (58.3) 521 (64.3) 0.44
  Return to activities 69 (34.7) 211 (26.0) 0.30

Values are presented as mean ± SD or number (%) of patients unless otherwise indicated.
* Significant difference with p < 0.05.
† Comparing NASS 1 and 2, indicating patient satisfaction, versus 3 and 4, indicating dissatisfaction.
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2 and Fig. 1. At both 3- and 12-month follow-ups, pa-
tients with SRD or SRA reported worse VAS neck pain 
(3 months: 3.3 ± 2.7 vs 2.7 ± 2.4, p = 0.005; 12 months: 
3.3 ± 2.5 vs 2.7 ± 2.5, p = 0.004), NDI (3 months: 25.8 ± 
16.8 vs 22.4 ± 16.2, p = 0.01; 12 months: 23.1 ± 16.5 vs 
20.1 ± 16.7, p = 0.02), and EQ-5D (3 months: 0.71 ± 0.19 
vs 0.74 ± 0.18, p = 0.01; 12 months: 0.70 ± 0.19 vs 0.75 ± 
0.17, p = 0.001) and less often returned to work (3 months: 
60.3% vs 62.1%, p = 0.004; 12 months: 65.8% vs 72.3%, p 
= 0.006) compared with patients who did not have SRD or 
SRA. However, at the 24-month follow-up, the only dif-
ference in outcomes observed between the two cohorts 
was NDI, with patients who reported SRD or SRA having 
a worse NDI score (24.2 ± 17.5 vs 19.8 ± 17.3, p = 0.002).

Multivariable analysis (after controlling for significant 
covariates) of the postoperative clinical outcomes between 
the two cohorts is described in Table 3. At the 3-month 
follow-up, patients who had SRD or SRA experienced less 
improvement in VAS neck pain (β = 0.4, 95% CI [0.1–0.8], 
adjusted p = 0.02), had smaller VAS neck pain change (β = 
0.4, 95% CI [0.1–0.8], adjusted p = 0.02), and less frequent-
ly met the MCID for VAS neck pain (OR 0.93, 95% CI 
[0.9–0.99], adjusted p = 0.02) compared with those without 
SRD or SRA. At the 12-month follow-up, patients who had 
SRD or SRA still experienced worse VAS neck pain (β = 
0.4, 95% CI [0.05–0.8], adjusted p = 0.03) and smaller VAS 
neck pain change (β = 0.4, 95% CI [0.05–0.8], adjusted p = 
0.03), but the difference in meeting the MCID for VAS neck 

pain disappeared (p > 0.05). However, patients with SRD or 
SRA had inferior outcomes in EQ-5D (β = −0.03, 95% CI 
[−0.06 to 0.007], adjusted p = 0.01), experienced a smaller 
change in EQ-5D (β = −0.03, 95% CI [−0.06 to 0.007], ad-
justed p = 0.01), and less often met the MCID for EQ-5D 
(OR 0.92, 95% CI [0.9–0.98], adjusted p = 0.01) compared 
with those without SRD or SRA. At the 24-month follow-
up, all differences in VAS neck pain outcomes disappeared 
(all p > 0.05), but the patients with SRD or SRA still had 
a smaller change in EQ-5D (β = −0.04, 95% CI [−0.06 to 
0.007], adjusted p = 0.02) and less often met the MCID for 
EQ-5D (OR 0.9, 95% CI [0.8–0.96], adjusted p < 0.001) 
compared with those without SRD or SRA.

Descriptive and Preoperative Characteristics of Patients 
With One Versus Multiple Self-Reported Psychological 
Symptoms

Of the 1141 patients included in the registry, 132 (11.6%) 
patients had both SRD and SRA (Table 4). There was no 
significant difference in the demographic characteristics 
between patients who reported either SRD or SRA and 
those who reported both SRD and SRA. Preoperatively, 
patients with both SRD and SRA reported worse baseline 
mJOA (11.2 ± 3.1 vs 12.0 ± 2.8, p = 0.02), NDI (45.1 ± 20.8 
vs 41.0 ± 19.3, p = 0.07), and EQ-5D (0.47 ± 0.21 vs 0.53 
± 0.23, p = 0.008) compared with those with either SRD 
or SRA.

FIG. 1. Plots of baseline status and postoperative outcomes following surgery for CSM stratified by presence or absence of psy-
chological disorder(s). Note that the NASS patient satisfaction index is reported as a percentage of patients who achieved scores 
of 1 and 2, indicating satisfaction with surgery. Baseline status (A), 3-month follow-up after surgery (B), 12-month follow-up after 
surgery (C), and 24-month follow-up after surgery (D).
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TABLE 3. Multivariable comparison of clinical outcomes at 3, 12, and 24 months

Variable β (95% CI) OR (95% CI) Adjusted p Value

3 mos
  VAS neck pain 0.4 (0.1 to 0.8) 0.02*
  VAS neck pain change 0.4 (0.1 to 0.8) 0.02*
  MCID VAS neck pain 0.93 (0.9 to 0.99) 0.02*
  VAS arm pain 0.13 (−0.3 to 0.5) 0.52
  VAS arm pain change 0.3 (−0.2 to 0.8) 0.24
  MCID VAS arm pain 0.97 (0.9 to 1.04) 0.39
  mJOA 0.1 (−0.2 to 0.5) 0.55
  mJOA change 0.2 (−0.1 to 0.5) 0.28
  MCID mJOA 1.03 (0.95 to 1.1) 0.41
  NDI 1.4 (−0.8 to 3.6) 0.21
  NDI change 1.4 (−0.8 to 3.6) 0.21
  MCID NDI 0.97 (0.9 to 1.04) 0.40
  EQ-VAS −0.5 (−3.1 to 2.0) 0.68
  EQ-VAS change −0.5 (−3.1 to 2.0) 0.68
  EQ-5D −0.01 (−0.05 to 0.007) 0.14
  EQ-5D change −0.01 (−0.05 to 0.007) 0.14
  MCID EQ-5D 0.94 (0.9 to 1.01) 0.08
  NASS satisfaction† 0.99 (0.9 to 1.04) 0.66
  Return to work 1.01 (0.96 to 1.1) 0.82
  Return to activities 0.99 (0.9 to 1.1) 0.80
12 mos
  VAS neck pain 0.4 (0.05 to 0.8) 0.03*
  VAS neck pain change 0.4 (0.05 to 0.8) 0.03*
  MCID VAS neck pain 0.96 (0.9 to 1.02) 0.15
  VAS arm pain 0.04 (−0.3 to 0.4) 0.82
  VAS arm pain change 0.2 (−0.3 to 0.7) 0.41
  MCID VAS arm pain 0.97 (0.9 to 1.04) 0.47
  mJOA −0.2 (−0.59 to 0.1) 0.21
  mJOA change −0.03 (−0.4 to 0.3) 0.86
  MCID mJOA 0.98 (0.9 to 1.06) 0.57
  NDI 1.4 (−0.8 to 3.7) 0.21
  NDI change 1.4 (−0.8 to 3.7) 0.21
  MCID NDI 0.98 (0.9 to 1.04) 0.49
  EQ-VAS 1.3 (−1.2 to 3.9) 0.30
  EQ-VAS change 1.3 (−1.2 to 3.9) 0.30
  EQ-5D −0.03 (−0.06 to 0.007) 0.01*
  EQ-5D change −0.03 (−0.06 to 0.007) 0.01*
  MCID EQ-5D 0.92 (0.9 to 0.98) 0.01*
  NASS satisfaction† 0.99 (0.9 to 1.04) 0.68
  Return to work 1.02 (0.97 to 1.07) 0.52
  Return to activities 1.01 (0.95 to 1.08) 0.68
24 mos
  VAS neck pain 0.06 (−0.3 to 0.4) 0.77
  VAS neck pain change 0.06 (−0.3 to 0.4) 0.77
  MCID VAS neck pain 0.97 (0.9 to 1.03) 0.36
  VAS arm pain −0.02 (−0.6 to 0.2) 0.35
  VAS arm pain change −0.007 (−0.6 to 0.2) 0.98
  MCID VAS arm pain 1.02 (0.95 to 1.1) 0.52
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Perioperative Outcomes in Patients With One Versus 
Multiple Psychological Disorders

Between the two cohorts, there were no significant 
differences in estimated blood loss, length of hospital-
ization, discharge disposition, or readmission within 30 
and 90 days and reoperation within 30 days (all p > 0.05) 
(Table 4).

Postoperative PROs in Patients With One Versus Multiple 
Psychological Disorders

Univariable analysis data of the postoperative PROs in 
the two patient groups are shown in Table 5 and Fig. 1. At 
the 3-month follow-up, patients with both SRD and SRA 
demonstrated worse mJOA (13.2 ± 2.5 vs 13.9 ± 2.4, p = 
0.01), EQ-VAS (60.8 ± 21.7 vs 67.8 ± 18.9, p = 0.003), and 
EQ-5D (0.63 ± 0.21 vs 0.71 ± 0.19, p = 0.001) than patients 
with either SRD or SRA. At the 12-month follow-up, pa-
tients with both SRD and SRA demonstrated worse EQ-
VAS (65.0 ± 16.8 vs 69.9 ± 15.8, p = 0.009) but more often 
met the MCID for EQ-5D (78.8% vs 66.8%, p = 0.02) and 
more often returned to work (79.5% vs 65.8%, p = 0.02) 
than patients with either SRD or SRA. At the 24-month 
follow-up, the only difference was in the change in my-
elopathy, with patients with both SRD and SRA experi-
encing greater change in mJOA scores (2.5 ± 3.5 vs 1.8 ± 
2.9, p = 0.046) compared with patients with either SRD or 
SRA.

Multivariable analysis (after accounting for covariates) 
of the postoperative PROs between the two groups is sum-
marized in Table 6. At all follow-up time points, there 

were no significant differences in the measured outcomes 
between the two groups.

Multivariable analysis to determine the predictors for 
patients not meeting the MCID for PROs after surgery at 
the 24-month follow-up was conducted using backward 
stepwise selection. Results are shown in Supplemental 
Tables 1 and 2 for patients with depression and/or anxiety 
and those with neither depression nor anxiety, respectively.

Discussion
To the authors’ knowledge, this is the largest study to 

date that has explored the association between comorbid 
SRD and SRA and long-term PROs following surgery in 
patients with CSM. At baseline, patients with either SRD 
or SRA had worse neck pain, neck disability, health sta-
tus, and quality of life compared with the patients with-
out these self-reported symptoms. Importantly, there was 
an additive association whereby the combination of both 
SRD and SRA (compared with either alone) was associ-
ated with worse baseline myelopathy severity, neck dis-
ability, and quality of life. Despite presenting with worse 
baseline disease, patients with both SRD and SRA report-
ed mean improvement in all measured outcomes. In mul-
tivariable adjusted 24-month analyses, patients with either 
SRD or SRA demonstrated a lower degree of change in 
and achievement of MCIDs in quality of life. However, 
when patients with comorbid SRD and SRA were com-
pared with those with only SRD or SRA, we found no sig-
nificant differences in the measured outcomes between the 
two groups at all follow-up time points.

» CONTINUED FROM PAGE 8

TABLE 3. Multivariable comparison of clinical outcomes at 3, 12, and 24 months

Variable β (95% CI) OR (95% CI) Adjusted p Value

24 mos (continued)
  mJOA −0.1 (−0.5 to 0.2) 0.39
  mJOA change −0.3 (−0.8 to 0.1) 0.17
  MCID mJOA 0.96 (0.9 to 1.04) 0.34
  NDI 2.3 (−0.2 to 4.8) 0.07
  NDI change 2.3 (−0.2 to 4.8) 0.07
  MCID NDI 1.0 (0.95 to 1.12) 0.79
  EQ-VAS −0.6 (−3.6 to 2.4) 0.70
  EQ-VAS change −0.6 (−3.6 to 2.4) 0.70
  EQ-5D −0.03 (−0.08 to 0.01) 0.18
  EQ-5D change −0.04 (−0.06 to −0.007) 0.02*
  MCID EQ-5D 0.9 (0.8 to 0.96) <0.001*
  NASS satisfaction† 1.02 (0.97 to 1.1) 0.38
  Return to work 0.99 (0.9 to 1.1) 0.84
  Return to activities 1.00 (0.9 to 1.1) 0.89

β coefficients and 95% CIs are presented for patients with depression or anxiety, with those with neither as the reference group, for multivari-
able analyses. The β coefficient represents the average degree of change in the outcome variable when patients with depression or anxiety are 
considered, compared with those with neither. If the β coefficient is positive, then patients with depression or anxiety have a higher value for 
that outcome variable than those with neither. ORs and 95% CIs are presented for categorical variables.
* Significant difference with p < 0.05.
† Comparing NASS 1 and 2, indicating patient satisfaction, versus 3 and 4, indicating dissatisfaction.

Brought to you by Duke University | Unauthenticated | Downloaded 06/15/23 02:45 PM UTC



Chan et al.

J Neurosurg Spine  March 31, 202310

CONTINUED ON PAGE 11 »

TABLE 4. Baseline characteristics, perioperative outcomes, and complications of patients for comparison between 
cohorts with depression or anxiety alone versus both depression and anxiety

Variable Depression or Anxiety (n = 199) Both Depression & Anxiety (n = 132) p Value

Age, yrs 60.2 ± 11.6 58.4 ± 11.2 0.17
Female 125 (62.8) 86 (65.2) 0.67
BMI 31.2 ± 6.3 30.3 2 ± 7.8 0.25
Smoker 37 (18.6) 37 (28.0) 0.06
Comorbidities
  Diabetes mellitus 42 (21.1) 28 (21.2) 0.98
  Coronary artery disease 18 (9.0) 16 (12.1) 0.38
  Arthritis 58 (29.1) 55 (41.7) 0.02*
Caucasian 166 (83.4) 112 (84.8) 0.73
≥4 yrs of college-level education 73 (36.7) 41 (31.1) 0.57
Employed or employed & on leave 71 (35.7) 51 (38.6) 0.85
Insurance 0.11
  Medicare 80 (40.2) 45 (34.1)
  Medicaid 24 (12.1) 8 (6.1)
  VA/government 5 (2.5) 5 (3.8)
  Private 87 (43.7) 71 (53.8)
Presenting symptoms
  Arm weakness 58 (29.1) 45 (34.1) 0.35
  Arm pain 97 (48.7) 69 (52.3) 0.53
  Arm numbness 114 (57.3) 87 (65.9) 0.11
  Neck pain 133 (66.8) 91 (68.9) 0.69
Predominant location of pain 0.06
  Neck 74 (37.2) 37 (28.0)
  Arm 34 (17.1) 17 (12.9)
Motor deficit 125 (62.8) 79 (59.8) 0.59
Independently ambulatory 154 (77.4) 105 (79.5) 0.67
Symptom duration, mos 0.01*
  <12 89 (44.7) 46 (34.8)
  ≥12 94 (47.2) 68 (51.5)
ASA grade 0.19
  1 or 2 102 (51.3) 58 (43.9)
  3 or 4 97 (48.7) 74 (56.1)
Procedure breakdown 0.29
  ACDF 99 (49.7) 74 (56.1)
  ACCF 19 (9.5) 13 (9.8)
  CDR 8 (4.0) 4 (3.0)
  Laminectomy w/ fusion 53 (26.6) 26 (19.7)
  Laminectomy w/o fusion 14 (7.0) 6 (4.5)
  Laminoplasty 6 (3.0) 9 (6.8)
mJOA, baseline 12.0 ± 2.8 11.2 ± 3.1 0.02*
VAS neck pain, baseline 5.6 ± 3.1 5.6 ± 3.2 0.98
VAS arm pain, baseline 5.0 ± 3.1 5.4 ± 3.3 0.36
NDI, baseline 41.0 ± 19.3 45.1 ± 20.8 0.07
EQ-VAS, baseline 57.0 ± 21.0 53.9 ± 20.6 0.18
EQ-5D, baseline 0.53 ± 0.23 0.47 ± 0.21 0.008*
Estimated blood loss, ml 94.5 ± 113 90.6 ± 105 0.75
Hospitalization duration, days 2.4 ± 2.4 2.1 ± 1.8 0.32
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It has been well established in previous studies that 
symptoms of depression and anxiety result in poorer pain 
and functional outcomes and lower satisfaction and qual-
ity of life after surgery for various degenerative spine con-
ditions.9,10,24 However, these studies mainly focused on the 
lumbar spine or a patient population with general degener-
ative cervical conditions. Moreover, studies exploring out-
comes past the 12-month period are lacking. Our study is 
unique in that it specifically pertains to CSM patients and 
reports outcomes 24 months after surgery. In our study, af-
ter controlling for significant differences in baseline char-
acteristics between the two cohorts with and without SRD 
or SRA, we found that an observed difference in neck pain 
at 3 and 12 months did not persist through the 24-month 
follow-up. A study by Goh et al. using their prospectively 
collected registry of 104 patients found that patients with 
poor preoperative mental health status—as indicated by 
the SF-36 Mental Component Summary assessment—who 
were undergoing ACDF for cervical myelopathy demon-
strated similar rates of achievement of MCID in pain and 
disability/functional status, as well as similar rates of sat-
isfaction at the 24-month follow-up.25 One possible expla-
nation for the poorer early neck pain outcomes in patients 
reporting SRD and/or SRA may be postural, with patients 
with depression exhibiting a higher incidence of head 
flexion and thoracic kyphosis26,27 that may contribute to 
symptoms in the early phases after surgery. Alternatively, 
the difference may be predominantly due to psychological 
reasons, with patients with depressive or anxious symp-
toms more likely to catastrophize pain28,29 and/or hold low-
er expectations and subjective perceptions of improvement 
in pain shortly after surgery.8,9,30 Catastrophizing of pain—

with increased reported pain intensity—may obscure the 
improvements observed in other short-term functional and 
myelopathy outcomes. However, neck symptoms gradu-
ally improve with recovery of function at longer follow-up. 
Altered perception of pain is another factor that may also 
account for our observation that patients with either de-
pression or anxiety report lower improvements in quality 
of life after surgery compared with patients without these 
symptoms despite similar improvements in functional out-
comes. Regardless of the mechanism, patients with de-
pressive disorders are a subgroup of patients undergoing 
spine surgeries who may exhibit worse preoperative clin-
ical status and postoperative outcomes.

Despite demonstrating similar levels of satisfaction, we 
found that patients with SRD or SRA experienced less im-
provement in EQ-5D scores and were less likely to meet 
EQ-5D MCID compared with patients without SRD or 
SRA at the 24-month follow-up. A single-institution ret-
rospective study done by Doi et al. found similar results 
demonstrating worse health-related quality-of-life status 
as indicated by EQ-5D and SF-12 scores at least 12 months 
following surgery in patients with compared with those 
without depression or anxiety.1 However, Doi et al. ob-
served significant improvements in all quality-of-life out-
come metrics and comparable satisfaction levels in the two 
cohorts. The dissociation between satisfaction and quality 
of life may have been related to the content and formula-
tion of the questions in the EQ-5D or the constraints posed 
by the four NASS satisfaction categories. Our study fur-
ther illustrates the persistence of the negative effect of pre-
operative psychological symptoms on postoperative qual-
ity of life—to a clinically relevant extent—up to 24 months 

» CONTINUED FROM PAGE 10

TABLE 4. Baseline characteristics, perioperative outcomes, and complications of patients for comparison between 
cohorts with depression or anxiety alone versus both depression and anxiety

Variable Depression or Anxiety (n = 199) Both Depression & Anxiety (n = 132) p Value

Discharge disposition 0.77
  Home routine 156 (78.4) 100 (75.8)
  Home w/ home healthcare services 13 (6.5) 14 (10.6)
  Post– or non–acute care setting 28 (14.1) 16 (12.1)
  Another acute care facility 2 (1.0) 2 (1.5)
Readmission w/in 30 days 0.62
  Hematoma 0 (0) 1 (0.8)
  SSI 0 (0) 0 (0)
Readmission w/in 90 days 0.06
  Hematoma 1 (0.5) 0 (0)
  SSI 0 (0) 0 (0)
  Wound dehiscence 2 (1.0) 0 (0)
  DVT 2 (1.0) 0 (0)
Reop w/in 30 days 0.39
  Hematoma 0 (0) 1 (0.8)
  SSI 1 (0.5) 0 (0)

Values are presented as mean ± SD or number (%) of patients unless otherwise indicated.
* Significant difference with p < 0.05.
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TABLE 5. Univariate comparison of clinical outcomes for depression or anxiety alone versus both depression and anxiety
Variable Depression or Anxiety (n = 199) Both Depression & Anxiety (n = 132) Unadjusted p Value

3 mos
  VAS neck pain 3.3 ± 2.7 3.2 ± 2.5 0.75
  VAS neck pain change −2.3 ± 3.1 −2.4 ± 3.5 0.79
  MCID VAS neck pain 88 (44.2) 67 (50.8) 0.25
  VAS arm pain 2.5 ± 3.0 2.5 ± 2.9 0.82
  VAS arm pain change −2.6 ± 3.5 −2.8 ± 3.3 0.49
  MCID VAS arm pain 62 (31.2) 43 (32.6) 0.79
  mJOA 13.9 ± 2.4 13.2 ± 2.5 0.01*
  mJOA change 1.9 ± 2.6 2.0 ± 3.1 0.75
  MCID mJOA 110 (55.3) 66 (50.0) 0.35
  NDI 25.8 ± 16.8 26.9 ± 17.8 0.57
  NDI change −15.2 ± 18.0 −18.2 ± 19.8 0.17
  MCID NDI 89 (44.7) 64 (48.5) 0.50
  EQ-VAS 67.8 ± 18.9 60.8 ± 21.7 0.003*
  EQ-VAS change 10.8 (21.5) 6.9 (22.3) 0.11
  EQ-5D 0.71 ± 0.19 0.63 ± 0.21 0.001*
  EQ-5D change 0.17 ± 0.23 0.16 ± 0.22 0.73
  MCID EQ-5D 132 (66.3) 98 (74.2) 0.12
  NASS satisfaction† 0.49
    1 144 (72.4) 91 (68.9)
    2 33 (16.6) 23 (17.4)
    3 7 (3.5) 3 (2.3)
    4 15 (7.5) 15 (11.4)
  Return to work 120 (60.3) 85 (64.4) 0.08
  Return to activities 67 (33.7) 51 (38.6) 0.32
12 mos
  VAS neck pain 3.3 ± 2.5 3.1 ± 2.5 0.64
  VAS neck pain change −2.4 ± 3.4 −2.5 ± 3.1 0.70
  MCID VAS neck pain 96 (48.2) 66 (50.0) 0.76
  VAS arm pain 2.4 ± 2.5 2.8 ± 2.7 0.21
  VAS arm pain change −2.6 ± 3.2 −2.5 ± 3.3 0.93
  MCID VAS arm pain 59 (29.6) 44 (33.3) 0.48
  mJOA 13.5 ± 2.6 13.2 ± 2.4 0.31
  mJOA change 1.5 ± 2.9 2.0 ± 3.2 0.13
  MCID mJOA 97 (48.7) 65 (49.2) 0.93
  NDI 23.1 ± 16.5 26.2 ± 18.6 0.11
  NDI change −17.9 ± 19.1 −18.9 ± 19.2 0.66
  MCID NDI 101 (50.8) 72 (54.5) 0.5
  EQ-VAS 69.9 ± 15.8 65.0 ± 16.8 0.009*
  EQ-VAS change 12.9 (22.0) 11.1 (21.7) 0.47
  EQ-5D 0.70 ± 0.19 0.68 ± 0.20 0.25
  EQ-5D change 0.17 ± 0.25 0.21 ± 0.22 0.14
  MCID EQ-5D 133 (66.8) 104 (78.8) 0.02*
  NASS satisfaction† 0.36
    1 127 (63.8) 87 (65.9)
    2 46 (23.1) 32 (24.2)
    3 9 (4.5) 4 (3.0)
    4 17 (8.5) 9 (6.8)
  Return to work 131 (65.8) 105 (79.5) 0.02*
  Return to activities 75 (37.7) 49 (37.1) 0.95
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after surgery. Altogether, spine surgeons may benefit from 
considering the lasting impact that psychological burden 
may have on clinical outcomes and identifying the patients 
at risk preoperatively.

We also explored if there was an additive association 
of multiple psychological symptoms with postoperative 
outcomes in patients undergoing surgery for CSM. In 
multivariable adjusted analysis, we found no significant 
differences in the measured outcomes between patients 
who reported both SRD and SRA at baseline and those 
who reported either SRD or SRA alone. Our results are 
supported by those of Mangan et al., who in their analy-
sis of patients with SRD and/or SRA undergoing ACDF 
for degenerative cervical disease found no difference in 
pain, neck disability, and functional outcomes in patients 
with either depression or anxiety and patients with both 
anxiety and depression.31 These findings fail to support an 
additive impact of self-reported psychological symptoms 
on postoperative outcomes and quality of life. These pa-
tients—although their baseline disease severity was worse 
than that of patients with SRD or SRA alone—may un-
dergo surgery with apparent results that are similar to and 

as positive as those in patients with either psychological 
symptom alone.

In our study, we found no significant difference in post-
operative neck disability and functional outcome between 
patients with and those without depression or anxiety, even 
after controlling for baseline differences. This finding con-
trasts with those of previous studies reporting psychologi-
cal stresses as significant predictors of neck disability.32,33 
Moreover, in a study Phan et al. explored the relation-
ship between depression and clinical outcomes following 
ACDF and found that depression and preoperative func-
tional deficits were associated with a trend toward poorer 
postoperative functional outcomes after adjusting for base-
line characteristics.34 These studies, however, did not spe-
cifically consider patients with CSM, included both surgi-
cal and nonsurgical cohorts, and only considered a short 
follow-up time point (< 12 months). Also, functional out-
come was evaluated with different assessment tools, with 
our study utilizing the mJOA score while other studies 
used the physical component of SF-12 or the Nurick score.

The implications from the results of our study are sev-
eral. Our results suggest that successful surgical outcomes 

» CONTINUED FROM PAGE 12

TABLE 5. Univariate comparison of clinical outcomes for depression or anxiety alone versus both depression and anxiety
Variable Depression or Anxiety (n = 199) Both Depression & Anxiety (n = 132) Unadjusted p Value

24 mos
  VAS neck pain 2.9 ± 2.7 3.0 ± 2.6 0.60
  VAS neck pain change −2.8 ± 3.5 −2.6 ± 3.5 0.71
  MCID VAS neck pain 103 (51.8) 68 (51.5) 0.97
  VAS arm pain 2.3 ± 2.6 2.7 ± 2.9 0.2
  VAS arm pain change −2.7 ± 3.6 −2.7 ± 3.9 0.86
  MCID VAS arm pain 77 (38.7) 50 (37.9) 0.88
  mJOA 13.8 ± 2.3 13.7 ± 2.4 0.77
  mJOA change 1.8 ± 2.9 2.5 ± 3.5 0.046*
  MCID mJOA 101 (50.8) 78 (59.1) 0.14
  NDI 24.2 ± 17.5 26.3 ± 19.6 0.34
  NDI change −16.7 ± 20.2 −18.8 ± 21.1 0.37
  MCID NDI 107 (53.8) 64 (48.5) 0.35
  EQ-VAS 66.7 ± 20.4 62.3 ± 22.4 0.07
  EQ-VAS change 9.7 (24.5) 8.4 (26.6) 0.65
  EQ-5D 0.69 ± 0.22 0.65 ± 0.23 0.4
  EQ-5D change 0.16 ± 0.25 0.18 ± 0.25 0.53
  MCID EQ-5D 127 (63.8) 94 (71.2) 0.16
  NASS satisfaction† 0.62
    1 138 (69.3) 85 (64.4)
    2 39 (19.6) 30 (22.7)
    3 9 (4.5) 7 (5.3)
    4 13 (6.5) 10 (7.6)
  Return to work 116 (58.3) 88 (66.7) 0.21
  Return to activities 69 (34.7) 55 (41.7) 0.18

Values are presented as mean ± SD or number (%) of patients unless otherwise indicated.
* Significant difference with p < 0.05.
† Comparing NASS 1 and 2, indicating patient satisfaction, versus 3 and 4, indicating dissatisfaction.
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TABLE 6. Multivariable comparison of clinical outcomes at 3, 12, and 24 months

Variable β (95% CI) OR (95% CI) Adjusted p Value

3 mos
  VAS neck pain −0.4 (−0.98 to 0.2) 0.19
  VAS neck pain change 0.2 (−0.5 to 0.98) 0.54
  MCID VAS neck pain 1.01 (0.9 to 1.1) 0.81
  VAS arm pain −0.3 (−0.96 to 0.4) 0.38
  VAS arm pain change −0.2 (−0.99 to 0.6) 0.63
  MCID VAS arm pain 0.99 (0.89 to 1.1) 0.92
  mJOA −0.4 (−0.97 to 0.1) 0.15
  mJOA change −0.4 (−0.9 to 0.07) 0.10
  MCID mJOA 0.94 (0.8 to 1.1) 0.31
  NDI −0.8 (−4.4 to 2.9) 0.69
  NDI change 0.2 (−4.0 to 4.4) 0.92
  MCID NDI 0.98 (0.9 to 1.1) 0.77
  EQ-VAS −3.9 (−8.2 to 0.4) 0.07
  EQ-VAS change −3.4 (−8.4 to 1.5) 0.17
  EQ-5D −0.04 (−0.08 to 0.004) 0.08
  EQ-5D change −0.04 (−0.08 to 0.004) 0.08
  MCID EQ-5D 1.05 (0.96 to 1.2) 0.31
  NASS satisfaction† 0.98 (0.9 to 1.1) 0.58
  Return to work 0.90 (0.8 to 1.03) 0.12
  Return to activities 1.08 (0.97 to 1.2) 0.16
12 mos
  VAS neck pain −0.4 (−1.0 to 0.1) 0.14
  VAS neck pain change 0.2 (−0.6 to 0.9) 0.60
MCID VAS neck pain 0.98 (0.9 to 1.1) 0.74
  VAS arm pain 0.1 (−0.5 to 0.6) 0.84
  VAS arm pain change 0.2 (−0.6 to 0.9) 0.66
  MCID VAS arm pain 1.01 (0.9 to 1.1) 0.92
  mJOA −0.007 (−0.5 to 0.5) 0.98
  mJOA change −0.02 (−0.6 to 0.5) 0.95
  MCID mJOA 1.01 (0.9 to 1.1) 0.87
  NDI 0.7 (−3.1 to 4.6) 0.71
  NDI change 1.7 (−2.5 to 5.9) 0.43
  MCID NDI 0.97 (0.9 to 1.1) 0.59
  EQ-VAS −3.0 (−6.6 to 0.5) 0.10
  EQ-VAS change −2.5 (−7.4 to 2.3) 0.31
  EQ-5D 0.006 (−0.04 to 0.05) 0.77
  EQ-5D change 0.006 (−0.04 to 0.05) 0.77
  MCID EQ-5D 1.1 (1.0 to 1.2) 0.05
  NASS satisfaction† 1.04 (0.97 to 1.1) 0.29
  Return to work 0.9 (0.8 to 1.0) 0.06
  Return to activities 1.03 (0.9 to 1.1) 0.55
24 mos
  VAS neck pain −0.3 (−0.9 to 0.3) 0.30
  VAS neck pain change 0.3 (−0.5 to 1.1) 0.43
  MCID VAS neck pain 0.98 0.77
  VAS arm pain 0.07 (−0.5 to 0.7) 0.82
  VAS arm pain change 0.2 (−0.6 to 1.1) 0.65
  MCID VAS arm pain 0.95 (0.9 to 1.1) 0.38
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may depend not only on successful surgery, but also on 
a given patient’s physical and mental comorbidities. We 
found that patients with either depression or anxiety do 
worse overall but still improve after surgery (as established 
in the literature). The unique clinical question that we ad-
dressed through our study is whether patients with both 
depression and anxiety have outcomes that are additively 
worse than those of patients with either depression or anxi-
ety alone. The important clinical implication presented in 
our study is that surgeons may counsel this patient popula-
tion that while their postoperative outcomes may not be as 
favorable as those of patients without either psychological 
symptom, their outcomes will likely not be doubly worse. 
This knowledge may also guide future investigations, such 
as preoperative management of psychological symptoms 
to improve outcomes after surgery.

Study Limitations
There are several limitations associated with this study. 

Because this was a retrospective analysis of a prospec-
tive registry data set, selection bias may be present. Also, 
the self-reporting nature of depression and anxiety in this 
study could have resulted in a cohort sample that may not 
fully represent the following patients: 1) those who are 
clinically diagnosed with depression and/or anxiety and 2) 
those who are aggregated via a more structured selection 
process. However, there is a precedent of using SRD and 
SRA as a proxy for the clinical diagnosis of depression and 
anxiety in the literature.31,35–38 Thus, our results expand on 
this previous literature. Additionally, given that this study 

is registry based, the data lack granularity, such as the 
duration and severity of SRD and/or SRA and any treat-
ments pre- and/or postsurgery that could have influenced 
the measured outcomes. Finally, we assessed the associa-
tion between baseline SRD and/or SRA and spine-relevant 
PROs but did not query SRD and/or SRA at postoperative 
time points. Thus, we lacked data on the persistence of 
these psychological symptoms after surgery. Future stud-
ies may be performed to investigate depression and/or 
anxiety at follow-up time points and leverage depression- 
and/or anxiety-specific PROs.

Conclusions
About 12% of patients who underwent surgery for CSM 

presented with both SRD and SRA, whereas 29% of pa-
tients had at least one of the symptoms. Although patients 
who had SRD or SRA presented with worse clinical status 
at baseline, patients on average, regardless of the presence 
of psychological symptoms, experienced improvement af-
ter surgery. Whereas patients with SRD or SRA reported 
less improvement in neck pain after surgery compared 
with those without SRD or SRA at short-term follow-up, 
this difference was not significant at long-term follow-
up. Instead, at long-term follow-up, patients with SRD or 
SRA experienced smaller improvements in quality of life 
and were less likely to meet the MCID for quality of life 
compared with patients without SRD or SRA. No addi-
tive effect on outcomes following surgery was observed 
for patients who had the comorbid presence of both SRD 
and SRA psychological symptoms.

» CONTINUED FROM PAGE 14

TABLE 6. Multivariable comparison of clinical outcomes at 3, 12, and 24 months

Variable β (95% CI) OR (95% CI) Adjusted p Value

24 mos (continued)
  mJOA 0.2 (−0.4 to 0.7) 0.54
  mJOA change 0.5 (−0.2 to 1.3) 0.14
  MCID mJOA 1.07 (0.95 to 1.2)  0.27
  NDI −0.7 (−4.6 to 3.3) 0.75
  NDI change 0.4 (−4.2 to 5.0) 0.87
  MCID NDI 0.9 (0.8 to 1.01) 0.07
  EQ-VAS −2.4 (−7.1 to 2.3) 0.32
  EQ-VAS change −1.8 (−7.5 to 4.0) 0.54
  EQ-5D 0.4 (−0.2 to 1.02) 0.23
  EQ-5D change −0.03 (−0.07 to 0.02) 0.30
  MCID EQ-5D 1.01 (0.9 to 1.1) 0.84
  NASS satisfaction† 1.0 (0.9 to 1.1) 0.91
  Return to work 0.9 (0.8 to 1.03) 0.13
  Return to activities 1.07 (0.98 to 1.2) 0.13

β coefficients and 95% CIs are presented for patients with depression or anxiety, with those with both as the reference group, for multivariable 
analyses. The β coefficient represents the average degree of change in the outcome variable when patients with depression or anxiety are 
considered, compared with those with both disorders. If the β coefficient is positive, then patients with depression or anxiety had a higher value 
for that outcome variable than those with both disorders. ORs and 95% CIs are presented for categorical variables.
* Significant difference with p < 0.05.
† Comparing NASS 1 and 2, indicating patient satisfaction, versus 3 and 4, indicating dissatisfaction.

Brought to you by Duke University | Unauthenticated | Downloaded 06/15/23 02:45 PM UTC



Chan et al.

J Neurosurg Spine  March 31, 202316

Acknowledgments
This research was supported by the NeuroPoint Alliance 

(NPA), the Neurosurgery Research & Education Foundation 
(NREF), and the Spine Section. The NPA is a 501(c)(6) affiliate 
nonprofit organization of the American Association of Neurologi-
cal Surgeons (AANS) dedicated to the improvement of the quality 
of care in neurosurgical practice via the institution of national 
quality registries, such as the one utilized for this study. The 
NREF is the philanthropic arm of the AANS and has financially 
supported the creation and maintenance of the QOD. The Spine 
Section is a neurosurgical community formed in collaboration 
between the AANS and the Congress of Neurological Surgeons 
to advance spine and peripheral nerve patient care through educa-
tion, research, and advocacy.

References
  1.	 Doi T, Nakamoto H, Nakajima K, et al. Effect of depression 

and anxiety on health-related quality of life outcomes and 
patient satisfaction after surgery for cervical compressive 
myelopathy. J Neurosurg Spine. 2019;​31(6):​816-823.

  2.	 Al-Tamimi YZ, Guilfoyle M, Seeley H, Laing RJ. Measure-
ment of long-term outcome in patients with cervical spondy-
lotic myelopathy treated surgically. Eur Spine J. 2013;​22(11):​
2552-2557.

  3.	 Miller JA, Derakhshan A, Lubelski D, et al. The impact of 
preoperative depression on quality of life outcomes after 
lumbar surgery. Spine J. 2015;​15(1):​58-64.

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

  5.	 Trief PM, Grant W, Fredrickson B. A prospective study of 
psychological predictors of lumbar surgery outcome. Spine 
(Phila Pa 1976). 2000;​25(20):​2616-2621.

  6.	 Wilhelm M, Reiman M, Goode A, et al. Psychological pre-
dictors of outcomes with lumbar spinal fusion:​ a systematic 
literature review. Physiother Res Int. 2017;​22(2).

  7.	 Stoffman MR, Roberts MS, King JT Jr. Cervical spondylotic 
myelopathy, depression, and anxiety:​ a cohort analysis of 89 
patients. Neurosurgery. 2005;​57(2):​307-313.

  8.	 Elsamadicy AA, Adogwa O, Cheng J, Bagley C. Pretreatment 
of depression before cervical spine surgery improves patients’ 
perception of postoperative health status:​ a retrospective, single 
institutional experience. World Neurosurg. 2016;​87:​214-219.

  9.	 Divi SN, Goyal DKC, Mangan JJ, et al. Are outcomes of an-
terior cervical discectomy and fusion influenced by presurgi-
cal depression symptoms on the mental component score of 
the Short Form-12 survey? Spine (Phila Pa 1976). 2020;​45(3):​
201-207.

10.	 Falavigna A, Righesso O, Teles AR, et al. Responsiveness of 
depression and its influence on surgical outcomes of lumbar 
degenerative diseases. Eur J Orthop Surg Traumatol. 2015;​
25(1 suppl 1):​S35-S41.

11.	 Asuzu DT, Yun JJ, Alvi MA, et al. Association of ≥ 12 
months of delayed surgical treatment for cervical myelopathy 
with worsened postoperative outcomes:​ a multicenter analysis 
of the Quality Outcomes Database. J Neurosurg Spine. 2021;​
36(4):​568-574.

12.	 Cook CE, George SZ, Asher AL, et al. High-impact chronic 
pain transition in surgical recipients with cervical spondy-
lotic myelopathy. J Neurosurg Spine. 2022;​37(1):​31-40.

13.	 Croci DM, Sherrod B, Alvi MA, et al. Differences in postop-
erative quality of life in young, early elderly, and late elderly 
patients undergoing surgical treatment for degenerative cervi-
cal myelopathy. J Neurosurg Spine. 2022;​37(3):​339-349.

14.	 Mummaneni PV, Bydon M, Knightly JJ, et al. Identifying 
patients at risk for nonroutine discharge after surgery for 
cervical myelopathy:​ an analysis from the Quality Outcomes 
Database. J Neurosurg Spine. 2021;​35(1):​25-33.

15.	 Wilkerson CG, Sherrod BA, Alvi MA, et al. Differences in 
patient-reported outcomes between anterior and posterior 
approaches for treatment of cervical spondylotic myelopathy:​ 
a Quality Outcomes Database analysis. World Neurosurg. 
2022;​160:​e436-e441.

16.	 Berlin C, Marino AC, Mummaneni PV, et al. Determining 
the time frame of maximum clinical improvement in surgi-
cal decompression for cervical spondylotic myelopathy when 
stratified by preoperative myelopathy severity:​ a cervical 
Quality Outcomes Database study. J Neurosurg Spine. 2022;​
37(5):​758-766.

17.	 Chan AK, Shaffrey CI, Gottfried ON, et al. Cervical spon-
dylotic myelopathy with severe axial neck pain:​ is anterior 
or posterior approach better? J Neurosurg Spine. 2022;​38(1):​
42-55.

18.	 Sherrod BA, Michalopoulos GD, Mulvaney G, et al. Develop-
ment of new postoperative neck pain at 12 and 24 months 
after surgery for cervical spondylotic myelopathy:​ a Quality 
Outcomes Database study. J Neurosurg Spine. 2023;​38(3):​
357-365.

19.	 Jenkins NW, Parrish JM, Lynch CP, et al. The association of 
preoperative duration of symptoms with clinical outcomes 
and minimal clinically important difference following ante-
rior cervical discectomy and fusion. Clin Spine Surg. 2020;​
33(9):​378-381.

20.	 Parker SL, Godil SS, Shau DN, Mendenhall SK, McGirt MJ. 
Assessment of the minimum clinically important difference 
in pain, disability, and quality of life after anterior cervical 
discectomy and fusion:​ clinical article. J Neurosurg Spine. 
2013;​18(2):​154-160.

21.	 Youssef JA, Heiner AD, Montgomery JR, et al. Outcomes of 
posterior cervical fusion and decompression:​ a systematic 
review and meta-analysis. Spine J. 2019;​19(10):​1714-1729.

22.	 Tetreault L, Kopjar B, Nouri A, et al. The modified Japanese 
Orthopaedic Association scale:​ establishing criteria for mild, 
moderate and severe impairment in patients with degenera-
tive cervical myelopathy. Eur Spine J. 2017;​26(1):​78-84.

23.	 Tetreault L, Nouri A, Kopjar B, Côté P, Fehlings MG. The 
minimum clinically important difference of the modified 
Japanese Orthopaedic Association scale in patients with de-
generative cervical myelopathy. Spine (Phila Pa 1976). 2015;​
40(21):​1653-1659.

24.	 Vialle E, de Oliveira Pinto BM, Vialle LR, Gomez JDC. 
Evaluation of psychosomatic distress and its influence in the 
outcomes of lumbar fusion procedures for degenerative dis-
orders of the spine. Eur J Orthop Surg Traumatol. 2015;​25(1 
suppl 1):​S25-S28.

25.	 Goh GSH, Liow MHL, Yeo W, et al. Poor baseline mental 
health does not influence improvement in patient-reported 
outcomes, satisfaction, and return to work two years after 
single-level anterior cervical discectomy and fusion. Spine 
(Phila Pa 1976). 2019;​44(12):​839-847.

26.	 Rosario JL, Bezerra Diógenes MS, Mattei R, Leite JR. Differ-
ences and similarities in postural alterations caused by sadness 
and depression. J Bodyw Mov Ther. 2014;​18(4):​540-544.

27.	 Canales JZ, Cordás TA, Fiquer JT, Cavalcante AF, Moreno 
RA. Posture and body image in individuals with major de-
pressive disorder:​ a controlled study. Br J Psychiatry. 2010;​
32(4):​375-380.

28.	 Quartana PJ, Campbell CM, Edwards RR. Pain catastroph-
izing:​ a critical review. Expert Rev Neurother. 2009;​9(5):​745-
758.

29.	 Dunn LK, Durieux ME, Fernández LG, et al. Influence of 
catastrophizing, anxiety, and depression on in-hospital opioid 
consumption, pain, and quality of recovery after adult spine 
surgery. J Neurosurg Spine. 2018;​28(1):​119-126.

30.	 Jackson KL, Rumley J, Griffith M, Agochukwu U, DeVine J. 
Correlating psychological comorbidities and outcomes after 
spine surgery. Global Spine J. 2020;​10(7):​929-939.

Brought to you by Duke University | Unauthenticated | Downloaded 06/15/23 02:45 PM UTC



J Neurosurg Spine  March 31, 2023 17

Chan et al.

31.	 Mangan JJ III, Tadley M, Divi SN, et al. The impact of 
multiple comorbid mental health disorders on health-related 
quality of life following ACDF. Clin Spine Surg. 2020;​33(10):​
E472-E477.

32.	 Luo X, Edwards CL, Richardson W, Hey L. Relationships of 
clinical, psychologic, and individual factors with the func-
tional status of neck pain patients. Value Health. 2004;​7(1):​
61-69.

33.	 Young SB, Aprill C, Braswell J, Ogard WK, Richards JS, 
McCarthy JP. Psychological factors and domains of neck 
pain disability. Pain Med. 2009;​10(2):​310-318.

34.	 Phan K, Moran D, Kostowski T, et al. Relationship between 
depression and clinical outcome following anterior cervical 
discectomy and fusion. J Spine Surg. 2017;​3(2):​133-140.

35.	 Kashlan O, Swong K, Alvi MA, et al. Patients with a depres-
sive and/or anxiety disorder can achieve optimum Long term 
outcomes after surgery for grade 1 spondylolisthesis:​ analysis 
from the quality outcomes database (QOD). Clin Neurol Neu-
rosurg. 2020;​197:​106098.

36.	 Park C, Garcia AN, Cook C, Gottfried ON. Effect of change 
in preoperative depression/anxiety on patient outcomes fol-
lowing lumbar spine surgery. Clin Neurol Neurosurg. 2020;​
199:​106312.

37.	 Strøm J, Bjerrum MB, Nielsen CV, et al. Anxiety and depres-
sion in spine surgery—a systematic integrative review. Spine 
J. 2018;​18(7):​1272-1285.

38.	 Levy HI, Hanscom B, Boden SD. Three-question depression 
screener used for lumbar disc herniations and spinal stenosis. 
Spine (Phila Pa 1976). 2002;​27(11):​1232-1237.

Disclosures
Dr. Agarwal reported royalties from Thieme Medical Publishers 
and Springer International Publishing. Dr. Bisson reported 
consulting for Stryker, Medtronic, Proprio, and MiRus and 
direct stock ownership in MiRus, nView, and Proprio. Dr. Chou 
reported consulting for Globus and Orthofix and royalties from 
Globus. Dr. Foley reported consulting for Medtronic; direct stock 
ownership in Accelus, Companion Spine, Discgenics, DuraStat, 
Medtronic, NuVasive, Practical Navigation, RevBio, Spine Wave, 
Tissue Differentiation Intelligence, Triad Life Sciences, True 
Digital Surgery, and Vori Health; holding patents in Discgenics, 
Medtronic, and NuVasive; royalties from Medtronic; and Board 
of Directors membership in Discgenics, DuraStat, RevBio, Tissue 
Differentiation Intelligence, Triad Life Sciences, and True Digital 
Surgery. Dr. Fu reported consulting for DePuy and Misonix. Dr. 
Haid reported consulting for NuVasive; IP royalties from Globus 
Medical, Medtronic, and NuVasive; and direct stock ownership 
in Globus Medical, NuVasive, Spine Wave, and Remedy Health 
Media (formerly Vertical Health). Dr. Knightly reported being 
the Chair of NNPA. Dr. Mummaneni reported consulting for 
DePuy Synthes, Globus, NuVasive, and Stryker; direct stock 
ownership in Spinicity/ISD; clinical or research support for 
study described (includes equipment or material) from NREF; 
support of non–study-related clinical or research effort overseen 
by the author from AO Spine, ISSG, and NIH; and royalties 
from Thieme Publishing and Springer Publishers. Dr. P. Park 
reported consulting for Globus, NuVasive, DePuy Synthes, and 

Accelus; support of non–study-related clinical or research effort 
overseen by the author from DePuy Synthes, SI Bone, ISSG, and 
Cerapedics; and royalties from Globus. Dr. C. Shaffrey reported 
consulting for Medtronic, NuVasive, and SI Bone; direct stock 
ownership in NuVasive and Proprio; holding patents (regardless 
of whether payments have been received) in Medtronic, NuVasive, 
and SI Bone; and royalties from Medtronic, NuVasive, and SI 
Bone. Dr. Sherrod reported support of non–study-related clinical 
or research effort overseen by the author from the AO Spine 
Foundation. Dr. Than reported consulting for Bioventus, DePuy, 
Synthes, Accelus, and Cerapedics; and receiving honoraria from 
SI Bone. Dr. Turner reported consulting for NuVasive, SeaSpine, 
and ATEC; royalties from SeaSpine; and support of non–study-
related clinical or research effort overseen by the author from 
NuVasive and SeaSpine. Dr. Virk reported consulting for DePuy 
Synthes, Brain Lab Inc., and OnPoint Surgical. Dr. Wang reported 
being a patent holder in DePuy Synthes; consulting for DePuy 
Synthes, Stryker, Spineology, and Surgalign; and direct stock 
ownership in Kinesiometrics, ISD, and Medical Device Partners.

Author Contributions
Conception and design: Chan, CI Shaffrey, Bisson, Bydon, Asher, 
Chou, Haid, Mummaneni. Acquisition of data: CI Shaffrey, 
Gottfried, Than, Bisson, Bydon, Asher, Coric, Potts, Foley, Wang, 
Fu, Virk, Knightly, Meyer, P Park, Upadhyaya, ME Shaffrey, 
Buchholz, Tumialán, Turner, Sherrod, Mummaneni. Analysis 
and interpretation of data: Chan, C Park, Chou, Mummaneni. 
Drafting the article: Chan, CI Shaffrey, C Park, Gottfried, Than, 
Bisson, Bydon, Chou, Mummaneni. Critically revising the article: 
all authors. Reviewed submitted version of manuscript: all 
authors. Approved the final version of the manuscript on behalf 
of all authors: Chan. Statistical analysis: C Park. Administrative/
technical/material support: Bisson, Bydon, Asher, Haid. Study 
supervision: CI Shaffrey, Bisson, Bydon, Haid, Mummaneni.

Supplemental Information 
Online-Only Content
Supplemental material is available with the online version of the 
article.

Supplemental Tables and Figure. https://thejns.org/doi/suppl/​
10.3171/2023.2.SPINE22685.

Previous Presentations
Portions of this work were presented orally at the 38th Annual 
Meeting of the AANS/CNS Section on Disorders of the Spine and 
Peripheral Nerves in Las Vegas, Nevada, on February 26, 2022.

Correspondence
Andrew K. Chan: Columbia University Vagelos College of 
Physicians and Surgeons, New York, NY. akc2136@columbia.edu.

Brought to you by Duke University | Unauthenticated | Downloaded 06/15/23 02:45 PM UTC


