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The Impact of Neighborhood Socioeconomic Disadvantage on Operative Outcomes after

Single-Level Lumbar Fusion

Grace Y. Ng1, Ritesh Karsalia2, Ryan S. Gallagher2, Austin J. Borja2, Jianbo Na3, Scott D. McClintock4,
Neil R. Malhotra2,3

- INTRODUCTION: The relationship between socioeco-
nomic status and neurosurgical outcomes has been
investigated with respect to insurance status or median
household income, but few studies have considered more
comprehensive measures of socioeconomic status. This
study examines the relationship between Area Deprivation
Index (ADI), a comprehensive measure of neighborhood
socioeconomic disadvantage, and short-term postoperative
outcomes after lumbar fusion surgery.

-METHODS: 1861 adult patients undergoing single-level,
posterior-only lumbar fusion at a single, multihospital ac-
ademic medical center were retrospectively enrolled. An
ADI matching protocol was used to identify each patient’s
9-digit zip code and the zip code-associated ADI data.
Primary outcomes included 30- and 90-day readmission,
emergency department visits, reoperation, and surgical
complication. Coarsened exact matching was used to
match patients on key demographic and baseline charac-
teristics known to independently affect neurosurgical
outcomes. Odds ratios (ORs) were computed to compare
patients in the top 10% of ADI versus lowest 40% of ADI.

-RESULTS: After matching (n [ 212), patients in the
highest 10% of ADI (compared to the lowest 40% of ADI)
had significantly increased odds of 30- and 90-day read-
mission (OR [ 5.00, P < 0.001 and OR [ 4.50, P < 0.001), ED

visits (OR[ 3.00, P[ 0.027 and OR[ 2.88, P[ 0.007), and
reoperation (OR [ 4.50, P [ 0.039 and OR [ 5.50, P [
0.013). There was no significant association with surgical
complication (OR [ 0.50, P [ 0.63).

-CONCLUSIONS: Among otherwise similar patients,
neighborhood socioeconomic disadvantage (measured by
ADI) was associated with worse short-term outcomes after
single-level, posterior-only lumbar fusion. There was no
significant association between ADI and surgical compli-
cations, suggesting that perioperative complications do not
explain the socioeconomic disparities in outcomes.

INTRODUCTION

There has been increasing awareness that health outcomes
are strongly affected by social determinants of health
(SDOH).1 The World Health Organization (WHO) defines

SDOH as “the conditions in which people are born, grow, live,
work and age,”2 including factors such as socioeconomic status,
education, neighborhood and physical environment,
employment, and social support.3,4 These SDOH operate at the
preoperative, perioperative, and postoperative phases of care to
effect surgical disparities.4
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Across neurosurgical procedures, prior work has shown dis-
parities in patient outcomes (e.g., readmission rate, postoperative
complications, and postoperative mortality) according to
gender,5-7 race,8-16 and measures of socioeconomic status such as
insurance status9,11,12,17 and median household income.5,18 Much
of this literature examined the impact of individual SDOH, but
it is important to recognize that multiple SDOH often interact in
complex and interconnected causal pathways2; for example,
several studies show that socioeconomic differences may explain
a large part,16,19-21 but perhaps not all,2 of the black-white
disparity in health outcomes. To capture the effect of complex
interactions between SDOH, Figueroa et al. (2020) argue that we
should not examine individual SDOH separately, but rather,
examine multiple SDOH in aggregate through the development of
polysocial risk scores.22

To this end, the Area Deprivation Index (ADI) considers 17
education, employment, housing quality, and poverty measures to
formulate a single index of neighborhood socioeconomic disad-
vantage,23 thus capturing many SDOH at the area/neighborhood
level.24 The ADI for any given patient can be identified simply
with a zip code, thus providing locally sensitive information
about SDOH25 without requiring researchers to acquire large
datasets with granular social information for each patient.
Across many fields of medicine26,27 and surgery,28,29 higher ADI

(i.e., greater socioeconomic disadvantage) has been shown to be
associated with worse health outcomes. However, there has
been limited study of ADI within the neurosurgery literature.
Prior work showed an association between high ADI and worse
patient-reported outcomes,30 and longer length of stay (LOS)31,32

after cervical and lumbar spine surgery, as well as increased loss
to follow-up after acute subdural hematoma evacuation.33 There
is a need to study the relationship between ADI and other
neurosurgical outcome measures, such as the outcomes
commonly assessed in value-based care models (e.g., 30 and 90-
day readmissions, complication rate).34 Prior work has shown
that appropriately selected patients experience an increase in
healthcare-related quality of life (QOL) after spine surgery.35,36

In order to improve equity and increase access to the benefits of
spine surgery, ADI could be used to develop and test
interventions aimed at improving outcomes for
socioeconomically disadvantaged populations.
This study examines the relationship between ADI and surgical

outcomes among patients undergoing single-level, posterior-only
lumbar fusion at a single, multihospital academic medical center.
Coarsened exact matching (CEM) is performed to minimize con-
founding while comparing patients with the greatest socioeco-
nomic disadvantage and patients with the least, as measured by
ADI.

METHODS

Sample Selection
Consecutive patients undergoing single-level, posterior-only,
nonrevision lumbar fusion surgery across a single, multihospital
academic medical center from June 7, 2013 to April 29, 2019, were
retrospectively enrolled. This study was approved by the Institu-
tional Review Board (IRB) at the University of Pennsylvania. The
IRB considered this study to be of minimal risk to patients and

granted a waiver of informed consent. All ethical guidelines and
rules were followed to protect patient privacy.
We included single-level, posterior-only, nonrevision lumbar

fusion cases that were performed under general anesthesia and
excluded nonelective emergency cases, resulting in a total of n ¼
1879 cases (Figure 1). An ADI matching protocol was developed
that used each subject’s home longitude and latitude to identify
the corresponding 9-digit zip code, which was then cross
matched to the ADI data associated with that zip code. 18 subjects
were excluded due to missing ADI data because they lived in a
Census Block Group with a high population living in group
quarters23 (group living arrangements such as group homes or
nursing homes) resulting in a study population of n ¼ 1861.
ADI was measured in percentiles (from 1e100) at the national
level, with higher ADI signifying increased socioeconomic
disadvantage.

Data Collection and Matching
Patient data were acquired with the EpiLog tool and subsequently
extracted and pushed into defined spreadsheets. EpiLog is a
nonproprietary data acquisition system created by the senior
author of the paper and is layered on top of the existing electronic
health record to facilitate charting, workflow, and quality
improvement.37 Extracted data included patient demographic
information, baseline health characteristics, and postoperative
outcomes.
Coarsened exact matching (CEM) was utilized to mitigate the

effects of confounding variables and isolate the effect of high
versus low ADI on the outcomes of interest. With CEM, an exact
match requires that the value of each matching covariate be the
same between the 2 subjects.
The CEM analysis compared patients with high ADI (defined as

top 10%) and low ADI (defined as lowest 40%). The top 10%
cutoff was selected in accordance with prior studies examining
ADI in other medical specialties,38-40 as well as policies from the
Centers for Medicare and Medicaid Services (CMS) that provide
payment adjustments for beneficiaries in the top ADI decile of the
Accountable Care Organization Realizing Equity, Access, and
Community Health (ACO REACH model).41,42

The high and low ADI groups were matched on the following
criteria: age, gender, insurance type, body mass index (BMI),
smoking status, American Society of Anesthesiologists (ASA)
grade, Charlson Comorbidity Index (CCI) score, presence of any
prior surgical intervention, and presence of any surgical inter-
vention in the 30 days preceding the index operation. Matching
characteristics were carefully selected based on literature demon-
strating that race,13 smoking status,43 BMI,44 CCI score,45 and ASA
grade46 independently predict morbidity following surgery. Age
was matched according to five categories (<50, 50e59, 60e69,
70e79, or �80). Gender, insurance type, and smoking status
were matched in a binary fashion based on being male or
female, having private insurance or non-private insurance, and
being a smoker or nonsmoker, respectively. BMI and CCI scores
were matched in a ternary fashion based on having a BMI that was
<18.5, 18.5e29.9, or �30, and having a CCI score that was 1e4,
5e6, or 7e33. All other covariates were exactly matched. Un-
matched patients were removed from the dataset and were not
included in the matched analysis.
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Statistical Analysis
Primary outcome measures were readmissions, emergency
department (ED) visits, and reoperations within 30- and 90-days
after the index operation, as well as surgical complications. The
secondary outcome measures were mortality within 30- and 90-
days after the index operation, as well as discharge disposition
(home vs. nonhome destinations).
Before matching, univariate logistic regression was used to

compute ORs (with confidence intervals (CIs)) to estimate the
effect of ADI on all primary and secondary outcomes. Then, for
CEM, binning of the matching variables and removal of missing
values was performed using SAS version 9.4 (SAS Institute Inc.).
Matching was completed using the MatchIt programming package
in R Statistics (R Core Team, 2017), with subsequent analysis
executed through SAS version 9.4. After matching, McNemar’s
test was used to compare all primary and secondary outcomes
between the 2 exact-matched groups. Significance for all analyses
was set as P < 0.05.

RESULTS

Patient CharacteristicseEntire Study Sample
Patients undergoing single-level, posterior-only, nonrevision
lumbar fusion during a 6-year period (June 7, 2013 to April 29,
2019) who met the inclusion criteria and had ADI data available
were included for analysis (n ¼ 1,861, Figure 1).

Patient CharacteristicsePrematch and Postmatch Samples
We analyzed n¼ 946 patients who either had high ADI (defined as
ADI in the top decile) or low ADI (defined as ADI in the lowest 4
deciles). Before CEM, patients with high ADI (high socioeconomic
disadvantage), compared to patients with low ADI (low socio-
economic disadvantage), were younger (mean age 56.9 vs. 62.6,
P < 0.001), less likely to be white (21.32% vs. 91.86%, P < 0.001),
less likely to be privately insured (29.95% vs. 52.34%, P < 0.001),
more likely to be obese (58.88% vs. 36.98%, P < 0.001), and more
likely to smoke (25.38% vs. 8.54%, P < 0.001) (Table 1).
Using CEM, the high ADI patients were matched with low ADI

patients based on characteristics that were previously shown to
independently affect neurosurgical outcomes. After CEM, 106
matches (n ¼ 212) were generated. Among these exact matches,
there was no significant difference between the 2 groups (high
ADI vs. low ADI) across factors known to impact postoperative
outcomes, including age, gender, insurance type, BMI, smoking
status, ASA grade, CCI score, presence of any prior surgical
intervention, and presence of any surgical intervention in the
30 days preceding the index operation (Table 2).

Patient OutcomeseEntire Study Sample
ADI was measured in percentiles based on national data; higher
ADI signified increased socioeconomic disadvantage. Each
percentile increase (0e100) in ADI was significantly associated
with increased odds of 30- and 90-day readmission (OR ¼ 1.02, P

Figure 1. Flowchart of patients selected for analysis and matching.
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< 0.001 and OR ¼ 1.02, P < 0.001, respectively), 30- and 90-day
ED visits (OR ¼ 1.02, P < 0.001 and OR ¼ 1.02, P < 0.001),
and 30- and 90-day reoperation (OR ¼ 1.02, P < 0.001 and
OR ¼ 1.02, P < 0.001). High ADI was associated with decreased
surgical complications (OR 0.99, P ¼ 0.027) and no difference in
mortality (30- or 90-day mortality; OR 0.99, P ¼ 0.70; OR 1.02, P ¼
0.25). Likelihood of postprocedure discharge to home, over
nursing facilities and rehab, was reduced among those with
elevated ADI (OR ¼ 0.99, P < 0.001) (Figure 2).

Patient OutcomeseExact-Matched Patients
After CEM, patients with high ADI (top decile), compared to pa-
tients with low ADI (lowest 4 deciles), had significantly increased
odds of 30- and 90-day readmission (OR ¼ 5.00, P < 0.001 and
OR ¼ 4.50, P < 0.001, respectively), 30- and 90-day ED visits

(OR ¼ 3.00, P ¼ 0.027 and OR ¼ 2.88, P ¼ 0.007), and 30- and 90-
day reoperation (OR ¼ 4.50, P ¼ 0.039 and OR ¼ 5.50, P ¼ 0.013).
High ADI was not associated with surgical complication
(OR ¼ 0.50, P ¼ 0.63) and mortality (30- and 90-day) could not be
assessed due to the lack of patient deaths in the exact-matched
sample. Likelihood of postprocedure discharge to home, over
nursing facilities and rehab, was reduced among those with
elevated ADI (OR ¼ 0.26, P ¼ 0.002) (Figure 3).

DISCUSSION

Socioeconomic disadvantage, as measured by elevated ADI, was
associated with worse outcomes for patients undergoing single-
level, posterior-only lumbar fusion. This study assessed out-
comes for patients with high socioeconomic disadvantage (high

Table 1. Prematch patient characteristics. Characteristics describing the prematch sample of patients in the lowest 40% or highest 10%
of area deprivation index (ADI) (n ¼ 946)

Variable Lowest 40% of ADI (n [ 749) Highest 10% of ADI (n [ 197) P-Value*

Age, mean (range) 62.6 (25e88) 56.9 (24e83) <0.001

Gender, n (%) 0.005

Male 349 (46.60) 70 (35.53)

Female 400 (53.4) 127 (64.47)

Insurance type, n (%) <0.001

Private insurance 392 (52.34) 59 (29.95)

Nonprivate insurance 357 (47.66) 138 (70.05)

Body mass index (kg/m2), mean <0.001

<18.5 2 (0.27) 0 (0.00)

18.5e29.9 470 (62.75) 81 (41.12)

>30.0 277 (36.98) 116 (58.88)

Smoking status, n (%) <0.001

Smoker 64 (8.54) 50 (25.38)

Non-smoker 683 (91.19) 146 (74.11)

Unknown 2 (0.27) 1 (0.51)

American Society of Anesthesiologists Grade, mean (range) 2.41 (1e4) 2.51 (1e4) 0.015

Charlson Comorbidity Index score, n (%) 0.048

Score 0e4 610 (81.44) 148 (75.13)

Score 5e6 97 (12.95) 29 (14.72)

Score 7e33 42 (5.61) 20 (10.15)

Lifetime surgical interventions prior to the index operation, n (%) <0.001

0 465 (62.08) 77 (39.09)

1þ 284 (37.92) 120 (60.91)

Surgical interventions 30 days prior to the index operation, n (%) 0.06

0 736 (98.26) 189 (95.94)

1þ 13 (1.74) 8 (4.06)

Bolded P-values are statistically significant (P < 0.05).
*Continuous variables were compared via nonparametric tests, while discrete variables were compared by Chi squared or Fisher’s exact tests.
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ADI, defined as top decile) versus low socioeconomic disad-
vantage (low ADI, defined as lowest 4 deciles) whom were
otherwise matched based characteristics known to be associated
with risk of negative outcomes. Increased ADI was significantly
associated with increased odds of 30- and 90-day readmission,
ED visits, and reoperation. Increased ADI was not significantly
associated with surgical complication. Increased ADI was asso-
ciated with a reduced likelihood of postsurgical discharge to
home.
In this study, CEM was utilized to control for the confounding

influence of various patient characteristics (e.g., age, gender, in-
surance type, and baseline health characteristics reflected in BMI,
smoking status, ASA grade, CCI score, and prior surgical history)
that have previously been shown to affect neurosurgical out-
comes.43-46 We chose to utilize CEM over other matching methods
to ensure that each individual covariate was balanced and thus

adequately controlled. By comparison, other statistical matching
techniques like propensity score matching involve summarizing all
covariates into a single propensity score, and thus may result in
larger standard mean differences and worse balance for covariates
compared to CEM.47 CEM allowed us to isolate ADI from other
confounders to specifically evaluate its role on short-term post-
operative outcomes.
The results from this study suggest that higher socioeconomic

disadvantage is associated with worse short-term postoperative
outcomes for several quality measures: 30- and 90-day read-
mission, ED visits, and reoperation. These findings corroborate
prior work showing that socioeconomic disadvantage, as
measured by nonprivate insurance status and lower median
household income, is associated with worse postoperative
outcomes.5,9,11,12,17,18 However, insurance status and median
household income do not capture the multidimensional nature

Table 2. Prematch patient characteristics. Characteristics describing the exact-matched patients (n ¼ 212) who are in the lowest 40%
or highest 10% of area deprivation index (ADI)

Variable Lowest 40% of ADI (n [ 106) Highest 10% of ADI (n [ 106) P-Value*

Age, mean (range) 60.7 (29e84) 59.1 (29e83) 0.28

Gender, n (%) 1.00

Male 41 (38.68) 41 (38.68)

Female 65 (61.32) 65 (61.32)

Insurance type, n (%) 1.00

Private insurance 43 (40.57) 43 (40.57)

Nonprivate insurance 63 (59.43) 63 (59.43)

Body mass index (kg/m2), mean 1.00

<18.5 0 (0.00) 0 (0.00)

18.5e29.9 49 (46.23) 49 (46.23)

>30.0 57 (53.77) 57 (53.77)

Smoking status, n (%) 1.00

Smoker 13 (12.26) 13 (12.26)

Non-smoker 93 (87.74) 93 (87.74)

Unknown 0 (0.00) 0 (0.00)

American Society of Anesthesiologists Grade, mean (range) 2.42 (1e3) 2.42 (1e3) 1.00

Charlson Comorbidity Index score, n (%) 1.00

Score 0e4 88 (83.02) 88 (83.02)

Score 5e6 11 (10.38) 11 (10.38)

Score 7e33 7 (6.60) 7 (6.60)

Lifetime surgical interventions Prior to the index operation, n (%) 1.00

0 64 (60.38) 64 (60.38)

1þ 42 (39.62) 42 (39.62)

Surgical interventions 30 days prior to the index operation, n (%) 1.00

0 104 (98.11) 104 (98.11)

1þ 2 (1.89) 2 (1.89)

*Continuous variables were compared via nonparametric tests, while discrete variables were compared by Chi squared or Fisher’s exact tests.
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of socioeconomic status, such as the interactions between income
and education,48 or between income and housing quality.49 By
contrast, ADI summarizes aggregate data about multiple
socioeconomic SDOH at a granular neighborhood level, and is
easily obtained using the patient’s zip code. Thus, ADI may be
useful for social risk adjustment50 under value-based care
models,34 and/or for identifying high-risk patients who may
benefit from targeted interventions. For example, CMS’ ACO
REACH model utilizes ADI to provide upward and downward
payment adjustments for the top 10% and bottom 30e50% of
underserved beneficiaries according to ADI.41,42

The prior neurosurgical literature about ADI examined patient-
reported outcomes and length of stay (LOS),30-32 but did not
examine outcomes such as complications and readmissions,
which are central to many value-based care models such as
Medicare’s Bundled Payments for Care Improvement program.51

This study quantified the relationship between high ADI and
several 30- and 90-day outcome measures that are commonly

evaluated by health systems. Our findings suggest that ADI may be
used to identify at-risk patients who may ultimately benefit from
interventions aimed at mitigating disparities and reducing
healthcare costs. For example, patients with high ADI could be
enrolled in pilot studies and randomized control studies evalu-
ating the use of transportation vouchers to facilitate attendance at
postoperative follow-up appointments,52 or pre-operative naviga-
tion services that ensure patients have adequate social support
during the post-operative recovery period.53 In this manner, ADI
may serve as a low-cost and easily accessible risk stratification
tool that guides interventions to improve health equity. While ADI
has only been analyzed in the United States thus far, high ADI
groups may share similar education, income, employment, and
housing characteristics with socioeconomically disadvantaged
populations in low- and middle-income countries. Thus, the
development and implementation of ADI-informed risk-mitiga-
tion strategies could have implications for international
populations.

Figure 2. Outcomes before CEM. (A) Frequency of
primary and secondary outcomes among all cases
included in the prematch univariate analysis (n ¼ 1861).
(B) Odds ratios (ORs) and 95% confidence intervals

from the univariate logistic regression analyses
estimating the effect of ADI on all primary and
secondary outcomes.
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Although high ADI was associated with higher 30- and 90-day
readmission, ED visits, and reoperation, it notably was not asso-
ciated with higher surgical complications. This finding demon-
strates that perioperative surgical complications (e.g.,
cerebrospinal fluid leak, nerve damage) do not occur at a greater
frequency in socioeconomically disadvantaged patients. Thus, the
worse postoperative outcomes (30- and 90-day readmission, ED
visits, and operation) of high ADI patients cannot be explained by
an increased frequency of perioperative surgical complications.
Surgeons may offer equal quality of surgery to patients with
varying degrees of socioeconomic disadvantage, as evidenced by
the lack of difference in complication rates, but social and struc-
tural factors beyond the operating room may give rise to the
observed disparities in postoperative outcomes. The leading cau-
ses of short-term postoperative hospital readmissions include
uncontrolled pain, surgical site infections, and wound dehiscence,
which may not be related to intraoperative complications but may

be associated with socioeconomic status.54,55 Overall, our findings
corroborate the existing literature about SDOH and neurosurgical
outcomes disparities.5

Limitations
This study is limited by its retrospective cohort design; it is
vulnerable to biases from data omission and confounding vari-
ables. To minimize such bias, we employed coarsened exact
matching to control for many patient demographic variables and
characteristics known to affect short-term neurosurgical out-
comes. Another limitation was that the patients were enrolled
from a single academic medical center, thus potentially limiting
the generalizability of the findings. However, the medical center
was multihospital and included large academic hospitals as well as
smaller community hospitals. Furthermore, while this study
analyzed the presence of postoperative outcome measures like ED
visits, readmissions, and reoperation, our dataset did not have the

Figure 3. Outcomes after CEM. (A) Frequency of
primary and secondary outcomes among all cases
included in the post-match analysis (n ¼ 212). (B) Odds
ratios (ORs) and 95% confidence intervals (CIs) from

the postmatch analyses comparing risk of adverse
events between exact-matched patients in the top
10% versus lowest 40% of ADI.

e446 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2023.09.085

ORIGINAL ARTICLE

GRACE Y. NG ET AL. ADI AND LUMBAR FUSION OUTCOMES

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2023.09.085


granularity to determine specific causes of ED visits, read-
missions, and reoperations (e.g., wound dehiscence). Follow-up
work should focus on characterizing the etiology of specific
postoperative events in relation to ADI. Future studies should also
examine the relationship between ADI and postoperative out-
comes in other patient populations and practice settings. Further,
due to the low incidence of mortality in this study, no conclusions
about death and ADI can be drawn. The low mortality rate in the
study population is comparable to that reported in the literature.56

To examine the relationship between ADI and postoperative
mortality, future studies should study ADI in the context of
other neurosurgical procedures with higher mortality rates.

CONCLUSION

Socioeconomic disadvantage, as measured by ADI, is associated
with increased 30- and 90-day readmissions, ED visits, and
reoperations. Furthermore, patients with high ADI are less likely
to be discharged to home after single-level posterior-only lumbar
spinal fusion. ADI may serve as a simple yet powerful index for
preoperative risk prediction and identifying patients who may
benefit from targeted interventions aimed at reducing disparities
and long-term healthcare costs.

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Grace Y. Ng: Conceptualization, Methodology, Writing e original
draft, Writing e review & editing, Formal analysis, Data curation,
Approved the manuscript as it is written. Ritesh Karsalia: Writing
e original draft, Writing e review & editing, Approved the
manuscript as it is written. Ryan S. Gallagher: Conceptualization,
Methodology, Writing e original draft, Writing e review & edit-
ing, Visualization, Formal analysis, Data curation, Approved the
manuscript as it is written. Austin J. Borja: Writing e review &
editing, Visualization, Formal analysis, Data curation, Approved
the manuscript as it is written. Jianbo Na: Methodology, Software,
Formal analysis, Data curation, Writing e review & editing,
Approved the manuscript as it is written. Scott D. McClintock:
Methodology, Software, Formal analysis, Data curation, Writing e
review & editing, Approved the manuscript as it is written. Neil R.
Malhotra: Conceptualization, Methodology, Writing e original
draft, Writing e review & editing, Visualization, Formal analysis,
Data curation, Resources, Supervision, Project administration,
Approved the manuscript as it is written.

ACKNOWLEDGMENTS

The EpiLog Project and The Bernadette and Kevin McKenna
Family Research Fund.

REFERENCES

1. Braveman P, Egerter S, Williams DR. The social
determinants of health: coming of age. Annu Rev
Public Health. 2011;32:381-398.

2. Braveman P, Gottlieb L. The social determinants
of health: it’s time to consider the causes of the
causes. Publ Health Rep. 2014;129:19-31.

3. Torain MJ, Maragh-Bass AC, Dankwa-Mullen I,
et al. Surgical disparities: a comprehensive review
and new conceptual framework. J Am Coll Surg.
2016;223:408-418.

4. Artiga S, Hinton E. Beyond Health Care: The Role of
Social Determinants in Promoting Health and Health
Equity. KFF; 2019. Available at: https://www.kff.
org/racial-equity-and-health-policy/issue-brief/bey
ond-health-care-the-role-of-social-determinants-
in-promoting-health-and-health-equity/. Accessed
October 17, 2023.

5. Glauser G, O’Connor A, Brintzenhoff J, Roth SC,
Malhotra NR, Cabey WV, et al. A scoping review
of the literature on the relationship between social
and structural determinants of health and neuro-
surgical outcomes. World Neurosurg. 2022;158:
24-33.

6. Farooqi A, Dimentberg R, Glauser G, Shultz K,
McClintock SD, Malhotra NR, et al. The impact of
gender on long-term outcomes following supra-
tentorial brain tumor resection. Br J Neurosurg.
2022;36:228-235.

7. Farooqi AS, Detchou DK, Glauser G, Strouz K,
McClintock SD, Malhotra NR, et al. Gender is
associated with long-term mortality after cer-
ebellopontine angle tumor resection. Clin Neurol
Neurosurg. 2021;201:106452.

8. Lechtholz-Zey E, Bonney PA, Cardinal T,
Mendoza J, Strickland BA, Pangal DJ, et al. Sys-
tematic review of racial, socioeconomic, and in-
surance status disparities in the treatment of
pediatric neurosurgical diseases in the United
States. World Neurosurg. 2022;158:65-83.

9. Cardinal T, Bonney PA, Strickland BA, et al.
Disparities in the surgical treatment of adult spine
diseases: a systematic review. World Neurosurg.
2022;158:290-304.e1.

10. Thomas G, Almeida ND, Mast G, et al. Racial
disparities affecting postoperative outcomes after
brain tumor resection. World Neurosurg. 2021;155:
e665-e673.

11. Attenello FJ, Ng A, Wen T, et al. Racial and so-
cioeconomic disparities in outcomes following
pediatric cerebrospinal fluid shunt procedures.
J Neurosurg Pediatr. 2015;15:560-566.

12. Mendoza J, Pangal DJ, Cardinal T, et al. System-
atic review of racial, socioeconomic, and insur-
ance status disparities in neurosurgical care for
intracranial tumors. World Neurosurg. 2022;158:
38-64.

13. Seicean A, Seicean S, Neuhauser D, Benzel EC,
Weil RJ. The influence of race on short-term
outcomes after laminectomy and/or fusion spine
surgery. Spine. 2017;42:34-41.

14. Muhlestein WE, Akagi DS, Chotai S,
Chambless LB. The impact of race on discharge
disposition and length of hospitalization after
craniotomy for brain tumor. World Neurosurg. 2017;
104:24-38.

15. Martin JR, Wang TY, Loriaux D, et al. Race as a
predictor of postoperative hospital readmission
after spine surgery. J Clin Neurosci. 2017;46:21-25.

16. Haldar D, Glauser G, Winter E, et al. Assessing
the role of patient race in disparity of 90-day brain
tumor resection outcomes. World Neurosurg. 2020;
139:e663-e671.

17. El-Sayed AM, Ziewacz JE, Davis MC, et al. Insur-
ance status and inequalities in outcomes after
neurosurgery. World Neurosurg. 2011;76:459-466.

18. Glauser G, Dimentberg R, Shultz K,
McClintock SD, Malhotra NR. Survival disparity
based on household income in 1970 patients
following brain tumor surgery. World Neurosurg.
2020;143:e112-e121.

19. Haldar D, Glauser G, Winter E, et al. The influ-
ence of race on outcomes following pituitary tu-
mor resection. Clin Neurol Neurosurg. 2021;203:
106558.

20. Haldar D, Glauser G, Schuster JM, et al. Role of
race in short-term outcomes for 1700 consecutive
patients undergoing brain tumor resection.
J Healthc Qual. 2021;43:284-291.

21. Haldar D, Glauser G, Winter E, et al. The effect of
race on short-term pituitary tumor outcomes.
World Neurosurg. 2020;137:e447-e453.

22. Figueroa JF, Frakt AB, Jha AK. Addressing social
determinants of health. JAMA. 2020;323:1553.

23. Kind AJH, Buckingham WR. Making
neighborhood-disadvantage metrics accessible —
the neighborhood atlas. N Engl J Med. 2018;378:
2456-2458.

24. Rosenzweig MQ, Althouse AD, Sabik L, et al. The
association between area deprivation index and
patient-reported outcomes in patients with
advanced cancer. Health Equity. 2021;5:8-16.

WORLD NEUROSURGERY 180: e440-e448, DECEMBER 2023 www.journals.elsevier.com/world-neurosurgery e447

ORIGINAL ARTICLE

GRACE Y. NG ET AL. ADI AND LUMBAR FUSION OUTCOMES

http://refhub.elsevier.com/S1878-8750(23)01352-9/sref1
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref1
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref1
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref2
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref2
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref2
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref3
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref3
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref3
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref3
https://www.kff.org/racial-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-determinants-in-promoting-health-and-health-equity/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-determinants-in-promoting-health-and-health-equity/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-determinants-in-promoting-health-and-health-equity/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-determinants-in-promoting-health-and-health-equity/
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref5
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref5
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref5
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref5
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref5
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref5
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref6
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref6
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref6
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref6
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref6
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref7
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref7
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref7
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref7
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref7
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref8
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref8
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref8
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref8
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref8
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref8
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref9
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref9
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref9
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref9
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref10
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref10
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref10
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref10
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref11
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref11
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref11
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref11
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref12
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref12
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref12
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref12
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref12
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref13
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref13
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref13
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref13
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref14
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref14
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref14
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref14
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref14
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref15
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref15
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref15
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref16
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref16
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref16
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref16
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref17
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref17
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref17
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref18
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref18
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref18
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref18
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref18
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref19
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref19
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref19
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref19
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref20
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref20
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref20
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref20
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref21
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref21
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref21
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref22
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref22
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref23
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref23
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref23
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref23
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref24
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref24
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref24
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref24
www.journals.elsevier.com/world-neurosurgery


25. Maroko AR, Doan TM, Arno PS, Hubel M, Yi S,
Viola D, et al. Integrating social determinants of
health with treatment and prevention: a new tool
to assess local area deprivation. Prev Chronic Dis.
2016;13:E128.

26. Kind AJ, Jencks S, Brock J, et al. Neighborhood
socioeconomic disadvantage and 30-day rehospi-
talization. Ann Intern Med. 2014;161:765-774.

27. Hu J, Kind AJH, Nerenz D. Area deprivation index
predicts readmission risk at an urban teaching
hospital. Am J Med Qual. 2018;33:493-501.

28. Ghirimoldi FM, Schmidt S, Simon RC, et al. As-
sociation of socioeconomic area deprivation index
with hospital readmissions after colon and rectal
surgery. J Gastrointest Surg. 2021;25:795-808.

29. Michaels AD, Meneveau MO, Hawkins RB,
Charles EJ, Mehaffey JH. Socioeconomic risk-
adjustment with the Area Deprivation Index pre-
dicts surgical morbidity and cost. Surgery. 2021;
170:1495-1500.

30. Zhang JK, Greenberg JK, Javeed S, et al. Associ-
ation between neighborhood-level socioeconomic
disadvantage and patient-reported outcomes in
lumbar spine surgery. Neurosurgery. 2023;92:
92-101.

31. Hagan MJ, Sastry RA, Feler J, et al. Neighborhood-
level socioeconomic status, extended length of
stay, and discharge disposition following elective
lumbar spine surgery. N Am Spine Soc J. 2022;12:
100187.

32. Hagan MJ, Sastry RA, Feler J, et al. Neighborhood-
level socioeconomic status predicts extended
length of stay after elective anterior cervical spine
surgery. World Neurosurg. 2022;163:e341-e348.

33. Guidry BS, Tang AR, Thomas H, et al. Loss to
follow-up and unplanned readmission after
emergent surgery for acute subdural hematoma.
Neurosurgery. 2022;91:399-405.

34. Maani N, Galea S. The role of physicians in
addressing social determinants of health. JAMA.
2020;323:1551-1552.

35. Chotai S, Parker SL, Sivaganesan A, et al. Effect of
complications within 90 days on patient-reported
outcomes 3 months and 12 months following
elective surgery for lumbar degenerative disease.
Neurosurg Focus. 2015;39:E8.

36. Nayak NR, Stephen JH, Piazza MA, Obayemi AA,
Stein SC, Malhotra NR, et al. Quality of life in
patients undergoing spine surgery: systematic re-
view and meta-analysis. Global Spine J. 2019;9:
67-76.

37. Gawande A. Why Doctors Hate Their Computers. The
New Yorker; 2018. Available at: https://www.

newyorker.com/magazine/2018/11/12/why-doctors-
hate-their-computers. Accessed October 17, 2023.

38. Adie Y, Kats DJ, Tlimat A, et al. Neighborhood
disadvantage and lung cancer incidence in ever-
smokers at a safety net health-care system. Chest.
2020;157:1021-1029.

39. Powell WR, Buckingham WR, Larson JL, et al.
Association of neighborhood-level disadvantage
with alzheimer disease neuropathology. JAMA
Netw Open. 2020;3:e207559.

40. Thompson MP, Yaser JM, Fliegner MA, et al. High
socioeconomic deprivation and coronary artery
bypass grafting outcomes: insights from Michi-
gan. Ann Thorac Surg. 2022;113:1962-1970.

41. Centers for Medicare & Medicaid Services. ACO
reach model performance year 2024 (PY2024)
model update; 2023. Available at: https://www.
cms.gov/priorities/innovation/innovation-models/
reach-py24-model-perf.

42. Centers for Medicare & Medicaid Services. ACO
realizing equity, access, and community health
(REACH) model; 2023. Available at: https://
innovation.cms.gov/media/document/aco-reach-rfa.

43. Turan A, Mascha EJ, Roberman D, et al. Smoking
and perioperative outcomes. Anesthesiology. 2011;
114:837-846.

44. Wilson JR, Tetreault LA, Schroeder G, et al.
Impact of elevated body mass index and obesity
on long-term surgical outcomes for patients with
degenerative cervical myelopathy. Spine (Phila Pa
1976). 2017;42:195-201.

45. Grossman R, Mukherjee D, Chang DC, et al.
Preoperative Charlson comorbidity score predicts
postoperative outcomes among older intracranial
meningioma patients. World Neurosurg. 2011;75:
279-285.

46. Dial BL, Esposito VR, Danilkowicz R, et al. Fac-
tors associated with extended length of stay and
90-day readmission rates following ACDF. Global
Spine J. 2020;10:252-260.

47. Guy D, Karp I, Wilk P, Chin J, Rodrigues G.
Propensity score matching versus coarsened exact
matching in observational comparative effective-
ness research. J Comp Eff Res. 2021;10:939-951.

48. Zajacova A, Lawrence EM. The relationship be-
tween education and health: reducing disparities
through a contextual approach. Annu Rev Public
Health. 2018;39:273-289.

49. Taylor L. Housing and health: an overview of the liter-
ature Health Affairs. Health Policy Brief; 2018.
https://doi.org/10.1377/hpb20180313.396577.

50. DiGiorgio AM, Mummaneni PV. Commentary:
association between neighborhood-level socio-
economic disadvantage and patient-reported out-
comes in lumbar spine surgery. Neurosurgery. 2023;
92:e1-e2.

51. BPCI Advanced: Quality Measures. CMS; Available at:;
2022. https://www.cms.gov/priorities/innovation/
innovation-models/bpci-advanced/quality-measures.
Accessed October 17, 2023.

52. Starbird LE, DiMaina C, Sun C-A, Han H-R.
A systematic review of interventions to minimize
transportation barriers among people with
chronic diseases. J Community Health. 2019;44:
400-411.

53. Dowzicky PM, Shah AA, Barg FK, Eriksen WT,
McHugh MD, Kelz RR, et al. An assessment of
patient, caregiver, and clinician perspectives on
the post-discharge phase of care. Ann Surg. 2021;
273:719-724.

54. Avinash M, Renjith KR, Shetty AP, Sharma V,
Kanna RM, Rajasekaran S. Unplanned read-
missions after spine surgery: a single-center pro-
spective analysis of a 90-day model in 2,860 cases.
Asian Spine J. 2020;14:43-50.

55. Cho PG, Kim TH, Lee H, Ji GY, Park SH, Shin DA.
Incidence, reasons, and risk factors for 30-day
readmission after lumbar spine surgery for
degenerative spinal disease. Sci Rep. 2020;10:12672.

56. Poorman GW, Moon JY, Wang C, et al. Rates of
mortality in lumbar spine surgery and factors
associated with its occurrence over a 10-year
period: a study of 803,949 patients in the nation-
wide inpatient sample. Int J Spine Surg. 2018;12:
617-623.

Conflict of interest statement: NRM received support from
the Bernadette and Kevin McKenna Family Research Fund.
The authors declare the following financial interests/
personal relationships which may be considered as potential
competing interests.

Received 20 June 2023; accepted 20 September 2023

Citation: World Neurosurg. (2023) 180:e440-e448.
https://doi.org/10.1016/j.wneu.2023.09.085

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2023 Published by Elsevier
Inc.

e448 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2023.09.085

ORIGINAL ARTICLE

GRACE Y. NG ET AL. ADI AND LUMBAR FUSION OUTCOMES

http://refhub.elsevier.com/S1878-8750(23)01352-9/sref25
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref25
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref25
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref25
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref25
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref26
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref26
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref26
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref27
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref27
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref27
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref28
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref28
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref28
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref28
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref29
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref29
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref29
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref29
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref29
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref30
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref30
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref30
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref30
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref30
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref31
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref31
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref31
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref31
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref31
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref32
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref32
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref32
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref32
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref33
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref33
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref33
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref33
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref34
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref34
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref34
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref35
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref35
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref35
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref35
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref35
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref36
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref36
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref36
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref36
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref36
https://www.newyorker.com/magazine/2018/11/12/why-doctors-hate-their-computers
https://www.newyorker.com/magazine/2018/11/12/why-doctors-hate-their-computers
https://www.newyorker.com/magazine/2018/11/12/why-doctors-hate-their-computers
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref38
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref38
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref38
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref38
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref39
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref39
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref39
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref39
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref40
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref40
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref40
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref40
https://www.cms.gov/priorities/innovation/innovation-models/reach-py24-model-perf
https://www.cms.gov/priorities/innovation/innovation-models/reach-py24-model-perf
https://www.cms.gov/priorities/innovation/innovation-models/reach-py24-model-perf
https://innovation.cms.gov/media/document/aco-reach-rfa
https://innovation.cms.gov/media/document/aco-reach-rfa
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref43
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref43
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref43
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref44
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref44
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref44
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref44
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref44
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref45
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref45
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref45
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref45
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref45
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref46
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref46
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref46
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref46
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref47
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref47
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref47
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref47
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref48
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref48
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref48
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref48
https://doi.org/10.1377/hpb20180313.396577
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref50
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref50
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref50
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref50
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref50
https://www.cms.gov/priorities/innovation/innovation-models/bpci-advanced/quality-measures
https://www.cms.gov/priorities/innovation/innovation-models/bpci-advanced/quality-measures
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref52
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref52
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref52
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref52
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref52
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref53
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref53
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref53
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref53
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref53
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref54
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref54
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref54
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref54
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref54
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref55
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref55
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref55
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref55
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref56
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref56
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref56
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref56
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref56
http://refhub.elsevier.com/S1878-8750(23)01352-9/sref56
https://doi.org/10.1016/j.wneu.2023.09.085
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2023.09.085

	The Impact of Neighborhood Socioeconomic Disadvantage on Operative Outcomes after Single-Level Lumbar Fusion
	Recommended Citation
	Authors

	The Impact of Neighborhood Socioeconomic Disadvantage on Operative Outcomes after Single-Level Lumbar Fusion
	Introduction
	Methods
	Sample Selection
	Data Collection and Matching
	Statistical Analysis

	Results
	Patient Characteristics–Entire Study Sample
	Patient Characteristics–Prematch and Postmatch Samples
	Patient Outcomes–Entire Study Sample
	Patient Outcomes–Exact-Matched Patients

	Discussion
	Limitations

	Conclusion
	flink6
	References


