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Abstract

Purpose In recent years, depression rates have been on the rise, resulting in soaring mental health issues globally. There is
paucity of literature about the impact of depression on lumbar fusion for adult spine deformity. The purpose of this study
is to investigate whether patients with depressive disorders undergoing lumbar deformity fusion have higher rates of (1) in-
hospital length of stay; (2) ninety-day medical and surgical complications; and (3) medical reimbursement.

Methods A retrospective study was performed using a nationwide administrative claims database from January 2007 to
December 2015 for patients undergoing lumbar fusion for spine deformity. Study participants with depressive disorders were
selected and matched to controls by adjusting for sex, age, and comorbidities. In total, the query yielded 3706 patients, with
1286 who were experiencing symptoms of depressive disorders, and 2420 who served as the control cohort.

Results The study revealed that patients with depressive disorders had significantly higher in-hospital length of stay (6.0 days
vs. 5.0 days, p <0.0001) compared to controls. Study group patients also had higher incidence and odds of ninety-day medical
and surgical complications (10.2% vs. 5.0%; OR, 2.50; 95% CI, 2.16-2.89; p <.0001). Moreover, patients with depressive
disorders had significantly higher episode of care reimbursement ($54,539.2 vs. $51,645.2, p <0.0001).

Conclusion This study illustrated that even after controlling for factors such as sex, age, and comorbidities, patients
with depressive disorders had higher rates of in-hospital length of stay, medical and surgical complications, and total
reimbursement.
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Abbreviation
OR: Odds ration

mental health issues such as depression, epidemiological
trends show that the prevalence of depressive disorders will
continue to increase in the United States as well as globally
[2—4]. The World Health Organization has established major

Introduction

Depressive disorder is defined as a culmination of symp-
toms including depressed mood or anhedonia, weight and/
or appetite changes, fatigue, sleep disturbances, feelings
of worthlessness, inability to concentrate, and/or suicidal
ideation [1]. While there is now greater awareness about
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depression to be the third cause of worldwide burden of dis-
ease and predicts that by the year 2030, the disease will rank
number one [5]. Additionally, increased rates of depressive
disorders will inevitably lead to higher healthcare costs for
patients [6-9]. Moreover, for patients undergoing complex
surgical procedures, these soaring rates can have significant
clinical implications due to the various manifestations of
depressive disorder.

In recent years, there has been a noteworthy increase in
the number of spinal procedures, such as lumbar fusion to
correct spinal deformity [10]. This recent increase in spinal
procedures coupled with the high rates of depressive dis-
orders can pose significant challenges for spine surgeons.
According to multiple studies, patients with preopera-
tive depression experience significantly increased rates of

@ Springer


http://orcid.org/0000-0002-1319-4831
http://crossmark.crossref.org/dialog/?doi=10.1007/s00590-023-03719-3&domain=pdf

974

European Journal of Orthopaedic Surgery & Traumatology (2024) 34:973-979

postoperative complications and adverse effects following
spine surgery [11-14]. However, a major limitation of the
aforementioned studies is that they have small sample sizes
with most having fewer than 200 study participants. Addi-
tionally, many of the current studies analyze multiple preop-
erative health conditions in a single study or lump together
various spine surgeries rather than focusing on one specific
procedure. For this reason, further research is needed to
properly address the impact of depressive disorder on lumbar
deformity surgery by using an adequately large sample size.

Therefore, the objective of this study was to analyze the
impact of depressive disorder on patients undergoing lumbar
deformity surgery and investigate whether they have higher
rates of (1) in-hospital length of stay, (2) medical and surgi-
cal complications, and (3) total reimbursement.

Methods
Data source

A retrospective level III case—control study from January
1st, 2007 to December 31st, 2015 was performed using the
Humana administrative claims database from the PearlDiver
(PearlDiver Technologies, Fort Wayne, Indiana) supercom-
puter. The database contains the records of over 100 mil-
lion patients from the Humana and Medicare administra-
tive claims database. The Humana dataset was used for the
study as it allowed to exclude pharmacological use and any
adverse effects due to certain anti-depressant medications.
Due to the large population of patients within the database,
the supercomputer has been used extensively for spine
related research and for other orthopaedic subspecialties.
Information such as complications, diagnoses, costs, in-hos-
pital length of stay, and other metrics are available from the
supercomputer. Data from the supercomputer is extracted as
a comma separated value (.csv) spreadsheet without patient
identifiers. Since the database contains deidentified informa-
tion, the study was exempt from our institution’s Institutional
Review Board (IRB) approvals (Table 1).

Study cohorts

The inclusion criteria for the study group consisted of all
patients undergoing lumbar deformity fusion with a diagno-
sis of depressive disorder. Patients without depressive dis-
order served as controls. The exclusion criteria consisted of
all patients with the following conditions: traumatic fracture,
pathologic fractures, or infections. A comprehensive list
of codes used in the study can be found in Supplementary
Table 1. The database was initially queried for all patients in
the database undergoing primary lumbar fusion using Inter-
national Classification of Disease, Ninth Revision (ICD-9)
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Table 1 Demographic profile of patients with and without depressive
disorders undergoing lumbar fusion for adult spinal deformity

Demographics Depressive Controls p-value*
disorders
n % n %

Age (years) 0.99

30-34 * N/A * N/A

35-39 * N/A * N/A

40-44 11 0.86 19 0.79

45-49 22 1.71 35 1.45

50-54 53 4.12 90 3.72

55-59 115 8.94 201 8.31

60-64 156 12.13 288 11.90

65-69 427 3320 830 34.30

70-74 280 21.77 539 22.27

75-79 153 1190 298 12.31

80-84 42 3.27 79 3.26

85-89 * N/A * N/A

90+ * N/A * N/A

Sex 0.88

Female 810 6299 1532  63.31

Male 476 37.01 888 36.69

Comorbidities
EtOH disorder 43 3.34 68 2.81 0.42

COPD 13 1.01 14 0.58 0.21
Diabetes mellitus 606 4712 1139 47.07  0.99
GAD 89 6.92 139 5.74 0.18
Hyperlipidemia 1039 80.79 1969  81.36  0.69
Hypertension 1203 93.55 2271 93.84  0.78
Obesity 210 1633 375 1550 051
Tobacco 264 20.53 454 18.76  0.21

EtOH Alcohol use; COPD Chronic obstructive pulmonary disease;
GAD General anxiety disorder

*Assessed by Pearson’s Chi-square analyses

procedural codes 81.04 to 81.08. Patients undergoing fusion
of 4 to 8 vertebral levels were filtered using ICD-9 proce-
dural code 81.63. The study cohort was randomly matched
to controls in a 1:2 ratio by age, sex, and medical comor-
bidities—chronic obstructive pulmonary disease, diabetes
mellitus, hyperlipidemia, hypertension, obesity [body mass
index (BMI > 30 kg/m?)], and tobacco use. In total, the query
yielded 3706 patients, with 1286 who were experiencing
symptoms of depressive disorders, and 2420 who served as
the control cohort (Fig. 1).

Outcomes
Primary endpoints of the study were to compare in-hospital

length of stay, ninety-day medical and surgical complica-
tions, and total global ninety-day episode of care costs.
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Query for all patients
undergoing primary Lumbar
Fusions

A,

Filter for patients
undergoing 4-8 level lumbar
fusion

l

Identify Patients with
and without Depressive
Disorders

Match By Age, Sex, Medical
Comorbidities

1,286 patients with
depressive disorders

2,420 patients without
depressive disorders

Fig. 1 Flow chat illustrating the query used to identify the study and
control cohorts using the Pearldiver Mariner database

Ninety-day medical and surgical complications assessed
included acute renal failure, cerebrovascular accidents, deep
vein thromboses, dural tears, ileus, myocardial infarction,
neurological complications, pneumonia, pulmonary emboli,
respiratory failure, surgical site infections, and urinary tract
infections. Ninety-day episode of care reimbursements were
compared using reimbursement data from PearlDiver Mari-
ner, which has been used in previously published studies
as well.

Data analyses

Statistical analyses were performed using the programming
language R (R), Foundation for Computational Statistics;
Vienna, Austria). Patient demographics of age, sex, and
medical comorbidities were compared using Pearson’s chi-
square analyses. Logistics regression analyses were used to
calculate odds-ratios (OR) and 95% confidence intervals
(95%CI) to assess the impact of depressive disorder on
medical and surgical complications within ninety days fol-
lowing the index procedure. Since the continuous variables
were not normally distributed, Mann—Whitney U test was
used to test for significance for in-hospital length of stay
and reimbursement between the matched cohorts. Due to
the number of comparisons being made in the study and to

reduce the probability of a type I error, Bonferroni adjusted
corrections were performed. Thus, a p-value less than 0.003
was considered statistically significant. This was attained by
dividing 0.05 by the total number of comparisons performed
in the study (n=13).

Results
In-hospital length of stay

The study found that patients with depressive disorders
undergoing lumbar deformity fusion were found to have
significantly higher in-hospital length of stay (6.0 days vs.
5.0 days, p <0.0001) when compared to the control groups.

Ninety-day medical and surgical complications

Patients suffering from depressive disorders undergoing
lumbar deformity fusion were discovered to have higher
incidence and odds (10.2% vs. 5.0%; OR, 2.50; 95% CI,
2.16-2.89; P <0.0001) of medical and surgical complica-
tions between ninety days following the spine procedure.
More specifically, when compared to the control group,
patients with depressive disorders had higher incidence and
odds of developing respiratory failure (15.7% vs. 9.1%; OR,
2.33;95% CI, 1.82-2.99; P <0.0001), myocardial infarction
(4.0% vs. 1.2%; OR, 2.24; 95% CI, 1.38-3.66; P=0.0001),
and cerebrovascular accident (12.9% vs. 5.4%; OR, 2.23;
95% CI, 1.63-3.06; P <0.0001) (Table 2). Other statistically
significant complications are noted in Table 2.

Medical reimbursement

Compared to controls, patients with depressive disorders
incurred substantially higher reimbursement. There was a
statistically significant difference in the ninety-day episode
of care reimbursement ($54,539.2 vs. $51,645.2, p <0.0001)
(Fig. 2).

Discussion

Depressive Disorder is a prevailing and debilitating ill-
ness that dramatically impacts overall quality of life and
surgical outcomes. Unfortunately, its prevalence is steadily
increasing with at least one in five individuals suffering from
depression in their lifetime [5]. This is also a serious public
health issue as epidemiological trends show that the global
burden of depression will continue to rise [15-18]. The
World Health Organization estimates that 322 million people
are battling against depression and that just in the years 2005
to 2015 alone, there was an 18.4% increase in the number of

@ Springer



976

European Journal of Orthopaedic Surgery & Traumatology (2024) 34:973-979

Table 2 Comparison of ninety-

. o Medical complications assessed DD (%) Control (%) OR 95% CI p-value®
day medical complications
analyzed amongst depressive Respiratory failure 15.71 9.11 233 1.82-2.99 <0.0001
disorder Eﬁsg‘;;ldh‘:‘;ga}fd' Myocardial infarction 401 1.99 224 138-3.66 0.0001
fusion for adult spinal deformity Cerebrovascular accident 12.91 5.42 2.23 1.63-3.06 <0.0001
Urinary tract infection 34.90 17.14 2.20 1.80-2.68 <0.0001
Venous thromboembolism 8.20 3.54 2.12 1.57-2.87 <0.0001
Pneumonia 10.99 4.67 2.10 1.53-2.89 <0.0001
Pulmonary emboli 3.49 1.27 2.07 1.30-3.31 0.002
Deep vein thromboses 5.93 3.00 2.04 1.46-2.87 <0.0001
Acute renal failure 12.22 6.33 1.85 1.37-2.51 <0.0001
Infection 9.60 423 1.79 1.35-2.39 <0.0001
Ileus 5.76 3.44 1.75 1.17-2.60 0.005
Neurological 6.81 3.62 1.63 1.18-2.26 0.002
Dural tear 2.44 1.81 1.36 0.81-2.25 0.232
Mean medical complications 10.22 5.04 2.50 2.16-2.89 <0.0001

DD Depressive disorders; OR Odds-ratio; 95% CI 95% Confidence interval, ¥ Adjusted for age, sex, geo-
graphic region, and Elixhauser-comorbidity index

Fig.2 Comparison of episode
of care costs between patients
with depressive disorders and
matched controls undergoing
lumbar fusion
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people living with depression [19]. With the advent of new
technological innovations and surgical techniques, the rate
of lumbar fusion procedures for spinal deformity have been
increasing as well [20, 21]. However, despite the aforemen-
tioned trends, there is limited research analyzing the effects
of depressive disorders on lumbar fusion outcomes. Our
study demonstrated that patients with depressive disorders
experience significantly longer in-hospital length of stay,
increased ninety-day medical and surgical complications,
and higher reimbursement.

The literature regarding depressive disorder is consistent
with the findings of this study [22-29]. For instance, patients
with depressive disorders have higher in-hospital length of
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Costs of Care in Patients with Depressive Disorders vs Matched

controls

Matched Controls

stay [22-24]. In a retrospective study of 5749 patients, Ana-
stasio et al. analyzed the impact of depression and anxiety on
in-hospital length of stay after patients underwent posterior
spinal fusion [22]. Even after controlling for confounding
variables and comorbidities, patients with depression had
higher odds ratios for increased length of stay (OR, 1.16;
95% CI, 1.08-1.26; P<0.0001). These results were cor-
roborated by a retrospective study by Krampe et al. which
examined whether depression mediates effects of loneli-
ness, social support, and living alone on in-hospital length
of stay [23]. The study found that patients with depression
had significantly longer length of stay when compared to
controls (4.0 days vs. 3.0 days, p <0.001). In contrast, in a
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retrospective study of 3759 patients, Elsamadicy et al. found
that affective disorders amongst adolescents do not signifi-
cantly impact surgical outcomes [24]. However, this is likely
due to a smaller sample size; out of the 3759 total study
participants, only 164 (4.4%) participants had an affective
disorder, which is a limitation of the study.

In addition to longer in hospital length of stay, we found
that patients with depression also have increased ninety-
day medical and surgical complications after surgery. In a
retrospective study conducted on 923 patients undergoing
elective spine surgery, Elsamadicy et al. found that when
compared to the control group, patients in the depression
group had an approximate twofold increase in rates of
postoperative delirium (10.6% vs. 5.8%, p=0.01) [25]. In
another retrospective study conducted on 70,581 patients
who underwent lumbar spine surgery, Schoell et al. found
that depression was a significant risk factor for a plethora
of medical and surgical complications, such as dural tear
(risk ratio, 1.2, p<0.0001), damage to nervous tissue (risk
ratio, 1.4, p<0.0001), and failed back surgery syndrome
(risk ratio, 1.7, p <0.0001) [26]. These findings were fur-
ther supported by a retrospective study conducted by Shah
et al. using the Pearl Diver patient record database to explore
whether patients with depression and/or anxiety undergo-
ing posterior thoracolumbar spinal surgery had an increased
risk of postoperative complications and reoperations [27].
Similar to our study, it was found that patients with depres-
sion and/or anxiety had significantly higher rates of infec-
tion (OR=1.743, p=0.022) and respiratory complications
(OR=1.492, p=0.02) at the ninety-day postoperative
period. We hypothesize patients with depressive disorders
might have higher likelihood of medical complications
due to patients with psychiatric illness having poor overall
medical health compared to the baseline medical health of
patients without a psychiatric illness before undergoing the
procedure. This discrepancy could make certain patient pop-
ulations more prone to adverse surgical outcomes. Another
reason could be the reluctance of surgeons to operate on
patients with psychiatric illnesses, which potentially leads
to patients with only the most severe conditions getting
invasive procedures done and thus overestimating the poor
outcomes.

Our study results also revealed that there was a significant
increase in the cost of care for patients with depressive disor-
der. This could partially be explained by the increased rates
of medical and surgical complications and higher length of
stay amongst patients with depression. These findings are
also supported by similar studies conducted on patients with
depression encountering various forms of spine pathology.
In a retrospective cross-sectional analysis conducted on
37,094 patients, Ren et al. investigated the increased health
care reimbursement for patients with depression undergo-
ing treatment for spine pathology [28]. It was found that for

spine patients with depression, the cost of treatment was
1.42 times more than cost of treatment for patients with-
out depression (95% CI, 1.34-1.52; P <0.001) and that this
could translate to an additional $3500 annually. Similar find-
ings were noted in another retrospective study conducted
by O’Connell et al. on patients undergoing lumbar fusion
[29]. The study utilized a national longitudinal administra-
tive database which provides reimbursement information
and diagnostic data in order to acquire one-year and two-
year costs. One of the major findings of the study was that
patients with preoperative depression faced increased health
care reimbursement postoperatively at both the one-year and
two-year mark (p <0.001). This study reported an estimated
$3024 increase in annual reimbursement for patients with
depression, which also supports our results. It is also impor-
tant to note that some of these additional reimbursement can
be attributed to increased use of antidepressants amongst
patients with depression [30].

Limitations

Despite the large sample size, our study is not without limita-
tions. For instance, since we utilized a single insurance data-
base, the cross-sectional analysis may not be generalizable
and truly representative of patients with different insurances
who are also suffering from depression and undergoing lum-
bar deformity fusion. Moreover, the study data is dependent
on precise coding for procedural and diagnostic information
in addition to patient identification. However, there is an
estimated 1.3% rate of coding errors when using administra-
tive databases [31]. Another factor that could impact study
results is if patients in the control group were suffering from
depression but were never formally diagnosed, which could
lead to an underestimation of the impact of depression. In
fact, even amongst patients who are diagnosed, there can
be discrepancies due to inadequate management or lack of
treatment. Moreover, the study’s retrospective nature can
also be a limitation as it can introduce selection bias due to
the study design. In addition, while the study controlled for
factors such as sex, age, and comorbidities, there could be
additional variables and comorbidities which could contrib-
ute to the study results. Additionally, variation in surgical
procedure and protocol for lumbar fusion can potentially
affect patient outcomes; however, this information was not
provided by the database. Last but not least, while the study
shows statistically significant differences in factors such as
length of stay and reimbursement, these differences are not
clinically as significant. Length of stay can also be impacted
by various other factors such as patient proximity, invasive-
ness of the procedure, and availability of beds. Despite these
limitations, this study is the first to analyze the impact of
depressive disorder on patient outcomes following lumbar
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deformity fusion while controlling for factors like sex, age,
and comorbidities.

Future directions

Moving forward, future studies can focus on treated and
untreated depressive disorders in order to compare surgical
outcomes of different patient populations based on the sever-
ity of symptoms and the level of treatment received. Another
factor that can be analyzed is age of the patients because the
impact of depressive disorders may differ between younger
and older patient populations. Additionally, future research
can be done comparing psychiatric conditions besides
depressive disorders and their impact on surgical outcomes.

Conclusion

Ultimately, this study served to highlight the significant
increase in length of stay, complications, and total reim-
bursements despite controlling for factors such as sex, age,
and comorbidities for patients diagnosed with depressive
disorders undergoing lumbar deformity fusion.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00590-023-03719-3.
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