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ABSTRACT

Background: Preoperative depression is associated with increased perioperative pain, worse physical function,
reduced quality of life, and inferior outcomes. Few studies have evaluated depressive symptoms between genders for
individuals undergoing minimally invasive transforaminal lumbar interbody fusion (MIS TLIF). The purpose of this

investigation was to assess the severity of Patient Health Questionnaire-9 (PHQ-9) scores among patients with
depressive symptoms before and after single-level MIS TLIF.

Methods: A prospective surgical registry was retrospectively reviewed for spine surgeries between March 2016 and

December 2018. We included patients with at least mild depressive symptoms (PHQ-9 scores � 5) who underwent
primary, single-level MIS TLIF and compared genders using v2 tests and t tests. Genders were stratified by depressive
symptom severity: mild (5–9), moderate (10–14), and moderately severe (�15) and then analyzed at preoperative and
postoperative intervals: 6 weeks, 12 weeks, 6 months, and 1 year. Finally, PHQ-9 scores were validated with a Pearson

correlation test against the 12-item Short Form (SF-12) Mental Composite Score (MCS) and the Veterans RAND (VR-
12) MCS.

Results: Of 75 subjects, 44.0% were women and the mean age was 49.9 years. The preoperative distribution

among PHQ-9 subgroups was 38.7%, 26.6%, and 34.7% for mild, moderate, and moderately severe depressive
symptoms, respectively. Among PHQ-9 stratifications both genders demonstrated intermittent statistically significant
improvements in PHQ-9 scores. The moderately severe PHQ-9 subgroup had improvement at all postoperative time

points. The PHQ-9 scores demonstrated a strong correlation with the SF-12 MCS and VR-12 MCS at all postoperative
evaluations.

Conclusion: At baseline and by the final 1-year follow-up there were no statistically significant PHQ-9 score
differences between genders within any depressive symptom stratifications. Whereas some contend that men and women

have substantial mental health differences, this study is aligned with growing evidence that demonstrates similar
depressive symptoms between genders.

Level of Evidence: 3.

Clinical Relevance: Men and women may be at an equivalent risk for perioperative depressive symptoms.

Lumbar Spine

Keywords: lumbar interbody fusion, major depressive disorder, TLIF, Patient Health Questionaire-9, PHQ-9, spine,

sex, Transforaminal Short Form-12, SF-12, Veterans RAND-12, VR-12

INTRODUCTION

The number of spine surgeries in the United
States continues to rise, but the precise rate of spine
surgery varies widely and has been associated with
individual spine surgeon surgical criteria as well as
local practice trends.1–4 This expansion in surgical-
procedure volume has been accompanied by in-
creased complication rates and costs, as compared
with more conservative interventions.1,4–7 To min-

imize surgical morbidity and unnecessary costs,

more research is needed on how to optimize spine

surgery candidates to receive the most functional

improvement while minimizing risk of complica-

tions.1

Anxiety and depressive symptoms are observed in

one-third of patients with chronic back pain who

undergo spine surgery.8–10 Overall, patients who

experience chronic back pain are up to 3 times more
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likely than the general population to experience
depressive symptoms. This indicates that mental
health symptoms are a significant cause of morbid-
ity among those considering elective spine sur-
gery.10–13 Studies have also demonstrated that
preoperative depression and anxiety are significant
predictors of preoperative and postoperative pain
and worse physical function and are correlated with
worse surgical outcomes and recovery.10,13–17

To better understand the complex relationship
between depressive symptoms and chronic back
pain, a recent systematic review identified 5 broad
categories of associations between mental health
and spine surgery.10 The authors determined that
associations between mental health and spine
surgery were primarily tied to (1) pain, (2) patient
desire for more information (specifically about what
to expect after surgery),18 (3) poor physical ability
(worse levels of disability), (4) issues related to
employment (with unemployed patients having
higher rates of depression),10,19,20 and (5) preexisting
psychological disturbances.10

Numerous studies have observed that preopera-
tive anxiety and depression predict surgical out-
comes.14–17 Among patients experiencing depression
prior to surgery, correlations have been identified
with negative outcomes after surgery, such as poor
physical ability,1,15,16,21–23 increased pain,1,15,23–25

decreased satisfaction,21 and decreased quality of
life.1,22,26 Depression screening is often accom-
plished using the 9-item Patient Health Question-
naire (PHQ-9), which is a survey based on the
Diagnostic and Statistical Manual of Mental Disor-
ders (Fourth Edition; DSM-IV). The PHQ-9 is a
questionnaire that includes 9 questions that are
scored on a scale of 0– 3 depending on frequency of
symptoms, with a maximum score of 27. Increased
scores indicate greater depressive symptoms, and
scores can be grouped into the following catego-
ries27: (1) minimal depression: 0–4, (2) mild depres-
sion: 5–9, (3) moderate depression: 10–14, (4)
moderately severe depression: 15–19 and (5) severe
depression: 20–27. In the general population, de-
pression is more common in women than men.28

Some have reported that there is little gender
difference in levels of depression during preopera-
tive evaluations.29 Few studies have evaluated
gender differences in preoperative and postoperative
depressive symptoms in patients undergoing mini-
mally invasive transforaminal lumbar interbody
fusion (MIS TLIF). The purpose of this study was

to assess gender differences with regard to depres-
sion, measured by PHQ-9, in patients before and
after MIS TLIF.

METHODS

Study Cohort

Following approval from our institutional review
board (ORA No. 14051301), a prospective surgical
registry was retrospectively reviewed for spine
surgeries between March 2016 and December
2018. Patients were included if they had at least
mild depressive symptoms (PHQ-9 scores � 5)
before undergoing elective primary, single-level
MIS TLIF for degenerative spine pathologies. The
following patients were excluded from analysis:
those who did not complete a preoperative PHQ-9
survey and those whose surgeries were indicated for
trauma, infection, or malignancy. Though patients
underwent surgery in both an inpatient hospital and
in an ambulatory care center, all patients were
treated by 1 surgeon at both surgical centers, which
were affiliated with a single academic institution.

Demographics and Outcome Measures

Baseline and demographic characteristic obser-
vations were recorded as variables for each patient.
Demographic observations included participant age,
body mass index (BMI) classification (,30 kg/m2 or
�30 kg/m2), American Society of Anesthesiology
physical classification (ASA), Charlson Comorbid-
ity Index (CCI), preoperative chronic health comor-
bidities, ethnicity, gender, and smoking status.
Characteristics observed during the perioperative
time period included operative time duration,
intraoperative estimated blood loss, length of
hospital stay (hours), surgical setting (inpatient or
ambulatory surgical center), postoperative discharge
day, and daily postoperative narcotic consumption
(oral morphine equivalents). Patient-reported out-
come (PRO) surveys collected included the PHQ-9,
Short Form-12 Mental Health Composite Scale
(SF-12 MCS) and Veterans RAND-12 Mental
Health Composite Scale (VR-12 MCS) scores.
Patients completed these surveys preoperatively
and during postoperative evaluations at 6 weeks,
12 weeks, 6 months, and 1 year.

The PHQ-9, derived from the DSM-IV, is a
questionnaire of 9 questions used to assist clinicians
in identifying patients who are more likely to
experience depression. The questions ask patients
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how often they have had depressive symptoms in the
past 2 weeks, using a scale of 0–3 for each question
(0¼ not at all; 1¼ several days; 2¼more than half the
days, 3 ¼ nearly every day). The maximum score is
27, with higher scores indicating an increased
likelihood of depressive symptoms.1,27,30

The SF-12 and VR-12 are other commonly used
PRO measures that evaluate overall patient health.
The SF-12 MCS is scored from 0–100, with a better
mental health status reflected in a higher numerical
score.31 The VR-36 survey has a short-form subset
of questions known as the VR-12. The VR-12
survey assesses potential limitations placed on
functioning in association with challenges surround-
ing energy, pain, mental health, and social health.
The VR-12 survey is standardized with a t score
metric. The mean VR-12 score is 50 with a standard
deviation of 10.31 The VR-12 has been widely
validated in numerous investigations.32

Statistical Analysis

Patient groups were categorized by gender and
stratified by baseline PHQ-9 depressive symptom
severity category including 5–9 (mild), 10–14 (mod-
erate), and 15 or greater (moderately severe or
greater).27 The relationship of gender with other
demographic variables such as baseline PHQ-9
score, smoking status, medical diagnosis, BMI,
and ethnicity were analyzed using a v2 test.
Perioperative characteristics, PHQ-9 outcome
scores, and postoperative improvement scores were
stratified by depressive-symptom category. A Stu-
dent t test analyzed continuous variables including
age at time of operation, preoperative PHQ-9, and
CCI. Statistical tests (t test or v2) were used to
compare perioperative attributes among the gender
subgroups, including operative time (from first
incision to skin closure), estimated blood loss,
length of stay, surgical setting, discharge day, and
daily postoperative narcotic consumption. A t test
was also used to assess possible gender differences in
postoperative PHQ-9 score improvement at all
preoperative and postoperative assessments. A
paired t test assessed differences between preoper-
ative score at each postoperative time point. Mean D
values (i.e., the score difference in preoperative
PHQ-9 score and postoperative score) were com-
pared at each time point by gender subgroup.
Finally, a Pearson correlation coefficient analysis
with SF-12 and VR-12 was used to assess the
validity of our findings. Correlations were interpret-

ed using r values with .1 � jrj , .3 assessed as a
weak correlation; .3 �jrj , .5 reflecting a moderate
correlation, and jrj � .5 indicating a strong
correlation.33

RESULTS

Demographic and Perioperative Variables

Our cohort of 75 single-level MIS TLIF patients
was 44.0% women, with a mean age of 49.9 6 10.8
years. Of the participants, 58.7% were obese (BMI
� 30 kg/m2; Table 1), 87.8% were nonsmokers, and
72.7% were white. There were no statistically
significant ethnicity differences between genders.
The average CCI for the cohort was 0.9. The 3 most
frequent comorbidities in the cohort were hyperten-
sion (29.7%), arthritis (17.6%), and diabetes
(16.2%). When stratifying by PHQ-9 score sub-
group, we found that 38.7% had mild depressive
symptoms (PHQ-9 score of 5–9), 26.6% had
moderate depressive symptoms (PHQ-9 score of
10–14), and 34.7% had moderately severe depressive
symptoms (PHQ-9 score of �15). Overall, there
were no statistically significant differences between
genders for any demographic (Table 1) or periop-
erative variables (Table 2).

PHQ-9 Outcomes and Validation

There were no statistically significant differenc-
es among mean PHQ-9 scores for men and
women within either the mild (PHQ-9 score of
5–9) or moderate (PHQ-9 score of 10–14)
depressive symptom stratifications (Table 3). The
moderately severe depressive symptom stratifica-
tion (PHQ-9 score of �15) had transient differ-
ences in mean PHQ-9 scores at 12 weeks (P ¼
.039) and 6 months (P ¼ .038). At 1 year, there
were no statistically significant mean PHQ-9 score
differences between genders for any of the 3
stratifications.

Within the mild depressive symptom stratifica-
tion, women had significant improvement at 6
months (P ¼ .003) and 1 year (P ¼ .009) when
compared with their preoperative scores. Within the
moderate depressive symptom stratification, women
had significant score improvement at 6 weeks (P ¼
.031), and men had significant improvement at 6
weeks (P , .001), 12 weeks (P¼ .006), and 6 months
(P¼ .001). Within the moderately severe depressive
symptom stratification, both men and women had
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statistically significant improvement (Figure 1) at all

postoperative time points (P � .021, all).

When evaluating gender subgroups for preop-

erative and postoperative D values, individuals

with mild depressive symptoms demonstrated a

significant difference in improvement at the 6-

month follow-up (P ¼ .031; Table 4). For

individuals with moderate depressive symptoms,

there were no significant differences between

genders at any time point. Those within the

moderately severe depressive symptom stratifica-

tion had significant differences in improvement at

the 12-week (P ¼ .010) and 6-month (P ¼ .034)

follow-ups. Finally, PHQ-9 scores were validated

against SF-12 MCS and VR-12 MCS, graphing

each time point on a scatterplot (Figures 2–6). A

Pearson’s correlation coefficient test at each time

point demonstrated that PHQ-9 scores had a

strong correlation with both SF-12 MCS and

VR-12 MCS scores (Table 5).

DISCUSSION

Background and Gender Similarities

Spine surgery rates within the United States

continue to rise,34 and it is now estimated that an

annual 900 000 Americans undergo spinal proce-

dures.35 Although international spine surgery rate

assessments are currently lacking, several investiga-

tors have asserted concerns that the cost of spine

surgery is significantly higher in the United States

than in other developed countries.36,37 Depression is

also more common among patients undergoing

decompression or fusion in the United States than

in other countries.38 In the United States, depression

rates have rapidly increased within the past de-

cade.39 Whereas elevated rates of depression have

been highlighted among various demographic

groups, women typically experience depression at

2 to 3 times the rate of men. Though this difference

has been observed in numerous settings, our study

Table 1. Patient demographics by gender.

Total, % (n) Female Male P Value
a

Total 100.0 (75) 44.0 (33) 56.0 (42)
Age, mean 6 SD, y 49.9 6 10.8 52.1 6 9.9 48.1 6 11.2 .368
PHQ-9 score group, % (n) .761
Mild (5–9) 38.7 (29) 42.4 (14) 35.7 (15)
Moderate (10–14) 26.6 (20) 27.3 (9) 26.2 (11)
Moderately severe (�15) 34.7 (26) 30.3 (10) 38.1 (16)

Body mass index, % (n) .521
,30 kg/m2 41.3 (31) 45.5 (15) 38.1 (16)
�30 kg/m2 58.7 (44) 54.6 (18) 61.9 (26)

Smoking status, % (n) .480
Nonsmoker 87.8 (65) 84.9 (28) 90.2 (37)
Smoker 12.2 (9) 15.2 (5) 9.8 (4)

Ethnicity, % (n) .800
African American 9.1 (3) 9.8 (4) 9.5 (7)
Asian 3.0 (1) 2.4 (1) 2.7 (2)
Hispanic 9.1 (3) 19.5 (8) 14.9 (11)
White 72.7 (24) 63.4 (26) 67.6 (50)
Other 6.1 (2) 4.9 (2) 5.4 (4)

ASA Score, % (n) .864
1 17.1 (12) 16.7 (5) 17.5 (7)
2 60.0 (42) 63.3 (19) 57.5 (23)
�3 22.9 (16) 20.0 (6) 25.0 (10)

Charlson Comorbidity Index 0.9 6 1.1 1.1 6 1.2 0.9 6 0.9 .399
Preoperative medical diagnosis, % (n)b

Hypertension 29.7 (22) 18.2 (6) 39.0 (16) .051
Arthritis 17.6 (13) 27.3 (9) 9.8 (4) .050
Diabetes 16.2 (12) 18.2 (6) 14.6 (6) .681
Metastasis 0.5 (3) 0.6 (1) 0.5 (2) .916
Myocardial infarction 2.7 (2) 0.0 (0) 4.9 (2) .198
AIDS 0.2 (1) 0.0 (0) 0.3 (1) .507
Neurologic disease 0.2 (1) 0.0 (0) 0.3 (1) .507
Congestive heart failure 1.3 (1) 0.0 (0) 2.4 (1) .372
Renal failure 1.3 (1) 0.0 (0) 2.4 (1) .372

Abbreviations: ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index; PHQ-9, Patient Health Questionnaire-9.
aP value was calculated using the Student t test (continuous), v2 (categorical), or Fisher exact test (categorical).
bThere were no patients in our study with a recorded medical history of AIDS, paraplegia, congestive heart failure, peripheral vascular disease, metastatic disease, liver
disease, chronic obstructive pulmonary disease, or gastrointestinal bleeds.
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found no significant gender difference that persisted
over time among depressive symptom stratifica-
tions.

Our cohort had a slightly lower percentage of
women than men (44% vs 56%, respectively). The
cohort in our investigation falls within the range of
other studies40–42 involving minimally invasive spine
surgery that have reported female cohort composi-
tions ranging from 43%–48%. In observing no

statistically significant difference between gender
PHQ-9 scores in the preoperative setting, our study
is aligned with at least 2 other studies29,43 that
investigated preoperative mental health status com-
parisons among both genders. Despite the supposed
and widely asserted increased lifetime prevalence of
depression among women, one possible reason for
equality of preoperative depressive symptoms could
be the similar experiences of all surgical candidates

Table 2. Operative characteristics by gender and PHQ-9 score stratification.

Female Male P Value
a

Total, % (n) 44.0 (33) 56.0 (42)
Mild PHQ-9 scores (5–9), mean 6SD
Operative time, minb 117.6 6 25.0 120.5 6 29.3 .773
Estimated blood loss, mL 64.3 6 112.1 41.4 6 20.3 .460
Length of hospital stay, h 24.2 6 13.7 27.1 6 22.3 .679
Surgical setting, % (n) .742
Inpatient hospital 78.6 (11) 73.3 (11)
Ambulatory surgical center 21.4 (3) 26.7 (4)

Discharge day, % (n) .991
POD 0 21.43 (3) 26.67 (4)
POD 1 50 (7) 46.67 (7)
POD 2 21.43 (3) 20 (3)
POD 3 7.14 (1) 6.67 (1)

Daily narcotic consumption by POD, mean 6 SD
POD 0 (OME) 56.2 6 27.5 48.5 6 23.6 .425
POD 1 (OME) 37.0 6 27.0 29.8 6 32.6 .528
POD 2 (OME) 45.0 6 21.2 43.8 6 28.1 .959
POD 3 (OME) . . .c . . . . . .

Moderate PHQ-9 Scores (10–14) , mean 6SD
Operative time, minb 118.8 6 51.0 140.3 6 29.8 .255
Estimated blood loss, mL 72.2 6 80.5 34.1 6 12.6 .137
Length of hospital stay, h 26.6 6 11.4 30.6 6 25.1 .682
Surgical setting, % (n) .742
Inpatient hospital 78.6 (11) 73.3 (11)
Ambulatory surgical center 21.4 (3) 26.7 (4)

Discharge day, % (n) .321
POD 0 22.2 (2) 36.4 (4)
POD 1 66.7 (6) 27.3 (3)
POD 2 11.1 (1) 27.3 (3)
POD 3 0.0 (0) 9.1 (1)

Daily narcotic consumption by POD, mean 6SD
POD 0 (OME) 65.3 6 23.2 43.4 6 24.2 .064
POD 1 (OME) 35.8 6 24.5 31.8 6 33.3 .767
POD 2 (OME) 30.0 6 0.0 56.7 6 5.8 .057
POD 3 (OME) . . . . . . . . .

Moderately severe PHQ-9 scores (�15) , mean 6SD
Operative time, minb 100.4 6 54.3 126.9 6 22.6 .094
Estimated blood loss, mL 47.5 6 36.2 50.3 6 33.9 .843
Length of hospital stay, h 36.6 6 23.1 29.6 6 27.4 .540
Surgical setting, % (n) .946
Inpatient hospital 70.0 (7) 68.8 (11)
Ambulatory surgical center 30.0 (3) 31.3 (5)

Discharge day, % (n) .213
POD 0 30.0 (3) 31.3 (5)
POD 1 20.0 (2) 50.0 (8)
POD 2 40.0 (4) 6.3 (1)
�POD 3 10.0 (1) 12.5 (2)

Daily narcotic consumption by POD, mean 6SD
POD 0 (OME) 64.7 6 35.6 62.4 6 33.7 .880
POD 1 (OME) 46.8 6 49.1 41.9 6 36.7 .777
POD 2 (OME) 52.5 6 40.5 48.8 6 15.9 .908
POD 3 (OME) 30.0 6 0.0 37.5 6 31.8 .879

Abbreviations: OME, oral morphine equivalents; PHQ-9, Patient Health Questionnaire-9; POD, postoperative day.
aP value was calculated using Student t test (continuous), v2 analysis (categorical), or Fisher exact test.
bOperative time was measured from skin incision to skin closure.
cEllipses indicate insufficient observations for mean and significance assessment.
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during a presurgical work-up. In the presurgical

environment, regardless of gender, every patient

faces a litany of agreements, disclosures, release

forms, and waivers. It has been hypothesized that

during this time, patients might perceive the

potential mortality risk associated with surgical

procedures. This perception has been associated

with feelings of physical constraint, fear, anxiety,

and depression. If the presurgical experience for

patients of either gender is similar, then it is

understandable that potential triggers for a depres-

sive mental status might exist for both genders, and

that particularly among individuals who are predis-

posed to psychiatric disorders, each gender might

experience similar levels of depression. This might

account for the equity we observed when compared

with differences that exist in the general population.

If preoperative anxiety were the only factor at play,
however, we might expect differences among the
genders to increase during the postoperative recov-
ery time period.

Our results, however, indicate a lack of gender
difference that persists through the final follow-up.
Among the mild and moderate PHQ-9 score–
stratified subgroups, there were no differences in
mean PHQ-9 scores between genders at any of the
evaluations through 1 year. Within the moderately
severe stratification, men did have increased mean
PHQ-9 scores at the 12-week and 6-month evalua-
tions, but there was no mean score difference at 1
year. This lack of statistically significant differences
between genders, with regard to postoperative
mental status, is aligned with the findings of at least
one other study,44 which investigated postoperative
mental states within 14 postoperative days. Possible
explanations for our observed persistent mental
status equivalence is a foray into the various
methods for diagnosing major depressive disorder.
For example, although it is asserted that women
carry more than twice the lifetime risk of experi-
encing depressive symptoms, there is a long history
of studies that indicate undiagnosed depression is
substantially more frequent among men than
women.45–48 Complicating these observations, men
are identified as much less likely to seek mental
health assistance.49 Even when comparing women
with the same standardized diagnostic instruments,
women are nonetheless diagnosed with major
depressive disorder more often than men. Previous

Table 3. Mean PHQ-9 scores by gender subgroup and depressive symptom score stratification. Time period stratified by PHQ-9 score.

Female, Mean 6 SD (n)
a P Value

b
Male, Mean 6 SD (n) P Value

b P Value
c

Mild PHQ-9 scores (5–9)
Preoperative 6.09 6 1.22 (11) . . . 6.45 6 1.13 (11) . . . .890
6 wk 6.18 6 4.85 (11) .951 8.18 6 4.49 (11) .252 .368
12 wk 4.38 6 3.54 (8) .386 6.00 6 3.65 (10) .716 .363
6 mo 2.80 6 3.08 (10) .003 6.50 6 4.38 (12) .782 .221
1 y 2.00 6 2.24 (7) .009 7.14 6 5.43 (7) .751 .567

Moderate PHQ-9 scores (10–14)
Preoperative 11.43 6 1.13 (7) . . . 12.33 6 1.66 (9) . . . .379
6 wk 6.14 6 4.30 (7) .031 6.56 6 3.17 (9) ,.001 .828
12 wk 7.00 6 5.73 (6) .095 4.83 6 3.06 (6) .006 .433
6 mo 5.20 6 6.38 (5) .118 4.00 6 4.90 (7) .001 .719
1 y 7.50 6 8.35 (4) .466 5.00 6 5.00 (2) .500 .738

Moderately severe PHQ-9 scores (�15)
Preoperative 19.50 6 2.73 (8) . . . 19.46 6 3.07 (13) . . . .820
6 wk 10.00 6 8.80 (8) .016 12.38 6 7.08 (13) .001 .502
12 wk 6.43 6 3.60 (7) ,.001 12.30 6 6.11 (10) ,.001 .039

6 mo 5.88 6 3.80 (8) ,.001 10.90 6 5.28 (10) .002 .038

1 y 7.00 6 2.94 (4) .003 5.25 6 4.57 (4) .021 .544

Abbreviations: PHQ-9, Patient Health Questionnaire-9.
a(n) indicates the number of patients that could be used for paired t test calculations. Values in boldface indicate statistical significance.
bP value was calculated using paired t-test (continuous) to compare each time point score to the preoperative value.
cP value was calculated using Student’s t-test (continuous) to compare subgroup scores at each time point.

Figure 1. Mean Patient Health Questionnaire-9 (PHQ-9) scores over time by

gender within the moderately severe PHQ-9 score stratification (preoperative

PHQ-9 score � 15).
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research has demonstrated that women are also
more likely to develop depression and anxiety after
lumbar spine surgery.50 Such findings could imply
that some clinicians may have an unconscious
gender bias in diagnostic depression evaluations.51

In addition to the lack of gender difference at the
vast majority of observed time points, both genders
displayed multiple statistically significant improve-
ments.

Overall, each gender achieved statistically signif-
icant improvement at 7 of the paired comparisons
(Table 3). Four of these observed improvements
occurred among the most severe depressive symp-
tom (�15) stratification. Other studies assessing
postoperative changes have also observed decreases

in depressive symptoms after surgical intervention.52

In addition, our results suggest that patients with
greater severity of preoperative depressive symp-
toms experienced a larger improvement in PHQ-9
scores through the 1-year follow-up. Although other
investigators53 have also linked increased levels of
preoperative depressive symptoms to larger magni-
tudes of postoperative improvement, our study adds
to this literature with our finding that improvement
among those with more severe PHQ-9 scores (�15)
is nearly equivalent among both genders.

When comparing the average D value from the
preoperative to postoperative PHQ-9 evaluation,
significantly different improvements were observed
within the mild depressive symptom stratification at
6 months. Within the moderately severe PHQ-9
score stratification, significant differences in im-
provement occurred at 12 weeks and 6 months. At
the 1-year postoperative time point, there were no
statistically significant differences in the magnitude
of improvement between genders. There are varied
perspectives on whether substantial differences in
mental states actually exist between genders.54 A
lack of gender difference has been observed with
mental states such as fear, anxiety, and depression in
the perioperative environment43 and among post-
operative mental improvements.44

The relevance of our findings that both genders
share a potentially equivalent risk of similar
preoperative and postoperative PHQ-9 scores fur-
ther emphasizes the importance of adequately
screening all patients seeking possible surgical

Table 4. Preoperative to postoperative PHQ-9 score differences (D) by gender subgroup and depressive symptom score stratification.

Time Period Stratified by PHQ-9 Score Female, Mean 6 SD (n)
a

Male, Mean 6 SD (n) P Value
b

Mild PHQ-9 scores (5–9)
Preoperative . . . . . . . . .
6 wk �0.09 6 4.81 (11) �1.73 6 4.71 (11) .430
12 wk 1.13 6 3.44 (8) 0.40 6 3.37 (10) .659
6 mo 3.10 6 2.47 (10) �0.33 6 4.08 (12) .031

1 y 3.86 6 2.67 (7) �0.71 6 5.68 (7) .078
Moderate PHQ-9 scores (10–14)
Preoperative . . . . . . . . .
6 wk 5.29 6 4.99 (7) 5.78 6 2.86 (9) .807
12 wk 5.00 6 5.97 (6) 6.50 6 3.45 (6) .606
6 mo 6.40 6 7.20 (5) 8.29 6 3.77 (7) .565
1 y 3.75 6 9.00 (4) 5.00 6 5.00 (2) .874

Moderately severe PHQ-9 scores (�15)
Preoperative . . . . . . . . .
6 wk 9.50 6 8.54 (8) 7.08 6 5.88 (13) 0.449
12 wk 13.43 6 3.46 (7) 6.80 6 5.12 (10) 0.010

6 mo 14.50 6 3.55 (8) 8.60 6 6.43 (10) 0.034

1 y 13.75 6 2.99 (4) 14.50 6 6.45 (4) 0.840

Abbreviation: PHQ-9, Patient Health Questionnaire-9.
a(n) indicates the number of patients who could be used for paired t test calculations because they had paired preoperative and postoperative values for the given time
point. Values in boldface indicate statistical significance.
bP Value was calculated using a Student t test (continuous) to compare subgroup scores at each time point.

Figure 2. Patient Health Questionnaire-9 (PHQ-9) correlation scatterplot with

Short Form-12 (SF-12) and Veterans RAND-12 (VR-12) MCS at the

preoperative time point.
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intervention. Whereas numerous studies have inves-
tigated the relationship between low preoperative
mental health scores and an increased risk for
adverse events,55 complications, mortality,56 nar-
cotic use,55 higher levels of pain,57–59 higher levels of
opioid consumption,59 and worsened postoperative
outcomes, there is a scarcity of literature investigat-
ing perioperative depressive symptoms between
genders. Our stratified analysis of perioperative
characteristics revealed no significant difference
between genders. Whereas there was no significant
difference between genders with regard to surgical
setting (i.e., those who underwent surgery in an
inpatient hospital vs in an ambulatory surgical
center), it may nonetheless be an important consid-
eration with regard to mental health. Among
appropriately selected patients, outpatient minimal-

ly invasive spine surgery has been reported to have
similar or improved outcomes compared with
inpatient surgery.60–62 One aspect that clinicians
should consider is the impact that reduced postop-
erative observation can have on patients with
increased anxiety and depression. Whereas some
patients may prefer to recover at home, others may
also be fearful of discharge from the medical care
setting. Understanding that the risk for such
symptoms may equally apply to patients of either
gender not only underscores the need to appropri-
ately identify and counsel such patients, but it also
further highlights the importance for identifying and
addressing the true root associations of lower
preoperative mental health scores.

Although multiple studies indicate that address-
ing presurgical depressive symptoms could prevent
potentially harmful influences on postsurgical out-
comes, modifying preoperative depressive symp-
toms can be challenging and expensive, and not all
interventions have been successful. Cognitive be-
havioral therapy interventions have demonstrated
promising initial results in modifying preoperative
depressive symptoms and in optimizing postopera-
tive outcomes.63–65 In an effort to reduce costs,
other automated therapies have been developed.
For example, one Web-based intervention attempt-
ed to mitigate symptoms of anxiety and depression,
though this model demonstrated little improvement
in comparison with the control group.66 Further-
more, patients with preexisting depression diagnoses
have demonstrated increased rates of other postop-
erative diagnoses such as anxiety, posttraumatic
stress disorder,67 catastrophizing behaviors,68 de-

Figure 3. Patient Health Questionnaire-9 (PHQ-9) correlation scatterplot with

Short Form-12 (SF-12) and Veterans RAND-12 (VR-12 MCS) at the 6-week

time point.

Figure 4. Patient Health Questionnaire-9 (PHQ-9) correlation scatterplot with

Short Form-12 (SF-12) and Veterans RAND-12 (VR-12 MCS) at the 12-week

timepoint.

Figure 5. Patient Health Questionnaire-9 (PHQ-9) correlation scatterplot with

Short Form-12 (SF-12) and Veterans RAND-12 (VR-12 MCS) at the 6-month

time point.
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pressive symptoms,52 and worsened mental health

scores. Identifying such patients and appropriately

mitigating these risk factors (in patients who are

open to multidisciplinary treatment) could minimize

the likelihood of patients experiencing these factors

during the postoperative recovery.

Whereas the presurgical setting is an ideal place

to focus counseling, identifying, and addressing

mental health concerns for both genders, clinicians

should also acknowledge the relevance of postop-

erative screening. One recent study of elective

surgery patients revealed that preoperative psycho-

logical symptoms often surfaced due to concern

about social support, fear regarding the operation,

concern of accidental harm from clinical staff, the

possibility of a blood transfusion, and being unable

to recover.69 Targeting these preoperative psycho-

social concerns likely entails discussing these

specific issues with health care providers prior to

undergoing procedures. As previously mentioned,

other general categories such as the presence of

pain, the need for more information, disability,

employment, and psychological disturbances have

all been identified and associated with both

preoperative and postoperative depression. Be-

cause these factors may exist in the postoperative

environment, they serve to further emphasize the

importance of identifying depression susceptible

patients of either gender. Whereas these factors

may exist in the preoperative environment alone,

the increased level of anxiety or stress in the

perioperative period may unmask previously con-

cealed depressive symptoms.

Limitations

This study is not without limitations. Despite the
advantage that scoring systems may have in
removing human-imparted diagnostic biases, scor-
ing systems are limited in that they are not
diagnostic of depression. Hence, whereas patients
with poor mental health scores may be at higher risk
for experiencing the consequences of such scores,
they must also be informed that scores are not
equivalent to a psychiatric diagnosis. A further
limitation of our study is that we only had the
ability to assess the health records within our health
system. Beyond postoperative day 3, we were not
able to detail medications that may have been
prescribed by other physicians during the preoper-
ative and postoperative course. It is possible that at
least some patients were under the care of additional
providers in other health-record systems. In these
cases, patients may have had variations in depres-
sive symptoms that could have been influenced by
other medications including narcotics, anxiolytics,
or antidepressants. A final limitation of this study is
the loss to follow-up experienced because PRO
assessments were further from the date of surgery,
which totaled 47 patients at the 1-year time point.
This limitation may have been particularly influen-
tial within our moderate depressive symptom
stratification, which had the lowest number of
patients at 1-year follow-up. Whereas PRO evalu-
ations, particularly in the postoperative time peri-
ods, may be influenced by selection bias, this study
observed a decrease in the number of patients
returning for evaluation. This likely influenced the
increased standard deviation observed with succes-
sive PRO evaluation timepoints.

Figure 6. Patient Health Questionnaire-9 (PHQ-9) correlation scatterplot with

Short Form-12 (SF-12) and Veterans RAND-12 (VR-12 MCS) at the 1-year time

point.

Table 5. Overall association of PHQ-9 with SF-12 MCS and VR-12 MCS.

R Correlation Strength P Value
a

PHQ-9 vs SF-12 MCS
Preoperative �0.784 Strong ,.001

6 wk �0.692 Strong ,.001

12 wk �0.746 Strong ,.001

6 mo �0.755 Strong ,.001

1 y �0.513 Strong .004

PHQ-9 vs VR-12 MCS
Preoperative �0.870 Strong ,.001

6 wk �0.705 Strong ,.001

12 wk �0.795 Strong ,.001

6 mo �0.847 Strong ,.001

1 y �0.669 Strong ,.001

Abbreviations: MCS, mental composite scale; PHQ-9, Patient Health
Questionnaire-9; SF-12, 12-Item Short Form; VR-12, 12-Item Veterans RAND.
aP value was calculated using PHQ-9 score at the corresponding time point, as
identified by Pearson correlation coefficient (jrj � .5, P , .05). Boldface indicates
statistical significance.
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CONCLUSION

The increased likelihood for women to experience
depression has been well-researched cross-culturally
and within the United States and has been validated
through multiple studies.70–72 As observed in this
study, for patients undergoing MIS TLIF, the
differences between the genders in the preoperative
environment are oftentimes trivial. Whereas numer-
ous assertions still exist regarding gender differences
and states of preoperative and postoperative mental
health, this study’s findings are aligned with several
other recent studies that have observed similarities
among spine surgery patients of both genders
during preoperative and postoperative evalua-
tions.43,44
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