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Abstract
Study Design.—Retrospective analysis

Objective.—The aim of our study was to analyze the association of Area Deprivation Index
(ADI) with utilization and costs of elective anterior cervical discectomy and fusion (ACDF)
surgery.

Summary of Background Data: ADI, a comprehensive neighborhood-level measure of
socioeconomic disadvantage, has been shown to be associated with worse perioperative outcomes
in a variety of surgical settings.

Methods.—The Maryland Health Services Cost Review Commission Database was queried

to identify patients who underwent primary elective ACDF between 2013 and 2020 in the

state. Patients were stratified into tertiles by ADI, from least disadvantaged (ADI1) to most
disadvantaged (ADI3). The primary endpoints were ACDF utilization rates per 100,000 adults and
episode-of-care total costs. Univariable and multivariable regression analyses were performed.

Results.—A total of 13,362 patients (4,984 inpatient and 8,378 outpatient) underwent primary
ACDF during the study period. In our study, there were 2,401 (17.97%) patients residing in
ADI1 neighborhoods (least deprived), 5,974 (44.71%) in ADI2, and 4,987 (37.32%) in ADI3
(most deprived). Factors associated with increased surgical utilization were: increasing ADI,
outpatient surgical setting, non-hispanic ethnicity, current tobacco use, and diagnoses of: obesity,
and gastroesophageal reflux disease (GERD). Factors associated with lower surgical utilization
were: non-white race, rurality, Medicare/ Medicaid insurance status, and diagnoses of cervical
disc herniation or myelopathy. Factors associated with higher costs of care were: increasing ADI,
older age, black/ African American race, Medicare or Medicaid insurance, former tobacco use,
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and diagnoses of ischemic heart disease, and cervical myelopathy. Factors associated with lower
costs of care were: outpatient surgical setting, female sex, and diagnoses of GERD and cervical
disc herniation.

Conclusion.—Neighborhood socioeconomic deprivation is associated with increased episode-
of-care costs in patients undergoing ACDF surgery. Interestingly, we found greater utilization of
ACDF surgery among patients with higher ADI.

Level of Evidence: 3

Keywords
Area deprivation index; Anterior Cervical Discectomy and Fusion; Utilization; costs

INTRODUCTION

Anterior Cervical Discectomy and Fusion (ACDF) is a commonly performed surgical
treatment for a variety of cervical spinal degenerative pathologies, and is highly effective

at improving pain, disability, and quality of life.1~” Prior literature demonstrates the
presence of demographic and socioeconomic disparities in spinal surgery.8-14Economically
and socially disadvantaged groups have been previously shown to experience a variety

of poor outcomes following ACDF, such as increased length of stay, postoperative ED
visits, postoperative readmission, non-routine discharge, and mortality.315-17 Furthermore,
neighborhood disadvantage has been shown to be an independent predictor of poor
healthcare outcomes, regardless of patients’ individual socioeconomic status.18

A recently developed and validated neighborhood-based metric which incorporates several
social, economic, and demographic variables is the area deprivation index (ADI).1° ADI
was developed as measure of neighborhood disadvantage and incorporates 17 measures

of deprivation, including measures of poverty, housing, employment, and education level
(Table 1).20 It has proven to be a robust metric to predict poor outcomes in a variety of
settings including cardiac surgery, limb amputations, management of chronic lower back
pain, and cancer treatment.21-24

The aim of this study was to analyze the association of ADI with utilization and costs of
ACDF surgery. We hypothesized that patients with higher ADI (i.e. more deprivation) would
have lower utilization of ACDF surgery and higher episode-of-care costs.

METHODS

Study Design and Data Source

This is a retrospective analysis of data collected prospectively by the Maryland Health
Service Cost Review Commission (HSCRC). HSCRC is a prospectively maintained
database of all inpatient and outpatient hospital visits to 53 non-federal hospitals in
Maryland that contains patient-level demographic, clinical, and billing data.
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Data Collection

Patients undergoing primary elective ACDF in either the inpatient or outpatient setting
between 2013 and 2020 were identified in HSCRC using the International Classification

of Disease (ICD) procedure codes. All patients included in this study were adults.
Demographic information collected included age, sex, race/ethnicity, ADI percentile,
geographic status, insurance status, and smoking status. Preoperative medical comorbidities
collected included obesity, diabetes, hypertension, hyperlipidemia, ischemic heart disease,
gastroesophageal reflux disease (GERD), and rheumatoid arthritis. Information was also
collected on indication for surgery. Diagnoses, co-morbidities, and eligible procedures were
identified using CPT, ICD-9, and ICD-10 codes. Patients who had non-elective indications
(infection, trauma, revision, and malignancy) or additional procedures (multilevel, posterior
approaches, non-cervical fusions) were excluded from analysis. Patients without a zip code
in their record were also excluded from analysis. Patients with multiple insurance providers
were categorized as private if they had any private coverage.

Area Deprivation Index

Area Deprivation Index (ADI) data for the state of Maryland was obtained from University
of Wisconsin-Madison School of Medicine’s Neighborhood Atlas.1%ADI percentile scores
increase with increasing neighborhood disadvantage. State level ADI decile scores are
available for 9-digit Zip Code Tabulation Areas (ZCTA). For the purposes of this study, ADI
deciles for the state of Maryland were averaged for 5-digit ZCTA. The Missouri Census
Data Center’s Census geographic crosswalk was utilized to match ZCTA to ADI percentiles,
and to determine geographic rurality, as described in prior literature.22:25 Neighborhoods
were then categorized into 3 tertiles of ADI based on categorically defined cut offs,
consistent with the methodology of previous studies.?? Population data was obtained from
the US Census.28

Endpoints of Interest

Primary endpoints were ACDF utilization rates and inflation adjusted total-episode-of-care-
charges in 2020 dollars. The State of Maryland has a unique all-payer model in which
hospital reimbursement for services is set by a central body, HSCRC, and is the same across
all payers. Thus, the episode-of-care charges reported in the database are approximately the
same as the costs to payers (insurers). There are minor adjustments that are made at year
end to account for care for the uninsured and other quality metrics that hospitals receive.
Utilization rate was defined as procedures per capita per 100,000 adults within a 5-digit zip
code.

Statistical Analysis

Baseline patient characteristics were described using percentages for categorical variables
and mean with standard deviation for continuous variables. Utilization rate was reported
as a rate per 100,000 adults and compared among ADI groups using ANOVA testing.
Perioperative costs were reported in inflation adjusted US dollars, standardized to 2020
dollars, and compared among ADI groups using ANOVA testing.
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Univariable analysis was performed to identify risk factors associated with costs and
utilization rates. Variables with a P value of 0.25 or less were included in a multivariable
logistic regression. Statistical significance was set at an alpha of 0.05 for the multivariable
models. Statistical analysis was performed with Stata/MP version 17 (StataCorp, College
Station, TX).

Study Population

Overall, 13,362 patients (4,984 inpatient and 8,378 outpatient) underwent primary ACDF
during the study period. In our study, there were 2,401 (17.97%) patients residing in ADI1
neighborhoods (least deprived), 5,974 (44.71%) in ADI2, and 4,987 (37.32%) in ADI3
(most deprived) [Figure 1]. Our study population demonstrated similar demographics to
other studies of the ACDF population (Table 2).

ACDF Utilization

The mean annual primary elective ACDF utilization rate across all ZIP codes in Maryland
was 51.6 £ 28.7 per 100,000 adults. ACDF utilization rates increased with greater
neighborhood deprivation; ADI1, the least deprived tertile, utilized the least ACDF
procedures per capita, while the ADI3 group had the highest utilization rate. The mean
primary elective ACDF rates per 100,000 adults in a Maryland Zip Census Tabulation Area
(ZCTA) were 41.06 + 27.67 in the ADI1 group, 51.06 £ 30.58 in ADI2, and 57.3 + 25.23 in
the ADI3 group (Table 3, p < 0.001 for all) [Figure 2].

Multivariable analysis revealed the following factors to be associated with increased

ACDF utilization: increasing ADI, outpatient surgical setting, non-hispanic ethnicity, current
tobacco use, and diagnoses of obesity and GERD. The following factors were associated
with decreased ACDF utilization: non-white race, rurality, Medicare or Medicaid insurance,
and diagnoses of cervical disc herniation or myelopathy (Table 4).

Perioperative Costs

After adjusting for inflation, the mean episode-of-care perioperative costs for ACDFs from
2013 to 2020 in our population was $22,495 + $12,640 in 2020 dollars. Costs increased
with greater neighborhood deprivation; ADI1, the least deprived group, had the lowest
perioperative costs, while ADI3 (the most deprived group) had the highest; $21, 496 +
10,468 in ADI1 group, $22,481 + 10,934 in ADI2, and $22,994 + 15,213 in ADI3 (Table 4,
p<0.05 vs. ADI1) [Figure 3].

Based on multivariable analysis, the following factors were associated with increased
perioperative costs: increasing ADI, older age, black/ African American race, Medicare
or Medicaid insurance, former tobacco use, and diagnoses of ischemic heart disease or
cervical myelopathy. The following factors were associated with decreased perioperative
costs: outpatient surgical setting, female sex, and diagnoses of GERD and cervical disc
herniation (Table 5).
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DISCUSSION

Previous studies have shown that patient-level demographic and socioeconomic factors are
associated with disparate outcomes following spinal surgery.3:8-12.15-17.27-29 | the current
study, we demonstrate that neighborhood socioeconomic deprivation is associated with
increased perioperative costs and utilization of ACDF. Additionally, our study found greater
rates of obesity, hypertension, diabetes mellitus, GERD, and myelopathy with increasing
ADI tertile, which is in accordance with health economics literature that shows more
deprived populations to have higher rates of chronic comorbid conditions.30

Our analysis revealed an annual utilization rate of 51.6 per 100,000 adults in the state

of Maryland. This rate is commensurate to those reported in orthopedic literature,31-33
Interestingly, we found that worsening neighborhood disadvantage is associated with higher
rates of utilization of ACDF. This finding was unexpected, as we hypothesized that patients
who resided in deprived neighborhoods would have lower access to elective surgery, as

has been previously demonstrated by Zhang et al. for diabetic patients seeking minor
amputations.3*

There may be several reasons for our finding. First, it is possible that patients living

in higher ADI neighborhoods (i.e. more deprivation) may have more severe disease at
presentation, and therefore require surgical intervention at an increased rate. Bernstein et

al. previously demonstrated that greater socioeconomic disadvantage was associated with
worse symptoms at initial presentation in patients seeking care for lumbar disc herniations.3®
It is possible that patients who live in more geographically deprived areas are predisposed

to cervical spine pathology because of inflammatory environmental exposures, higher rates
of manual labor in their occupations, deferral of care due to poor interactions with the

health care system, cumulative effect of poor ergonomics at home, and many other possible
effects of living alongside greater rates of the 17 measures in the area deprivation index.
Alternatively, area deprivation could be coincident with psychopathology leading to complex
pain syndromes, resulting in greater operative management. While clinical and radiographic
data is not available in the HSCRC database, it is possible that patients living in more
deprived neighborhoods had worse clinical burden of disease in our population, which

may translate to higher surgical utilization rates. It is possible that systemic increase in
access to earlier nonoperative care for geographically deprived people would result in parity
of surgical utilization. Second, Maryland has a unique healthcare model where hospitals
receive similar payments for services from all insurers due to an all-payer system. We
hypothesize that patients in Maryland with higher socioeconomic burden may be at less
disadvantage compared to patients in other states in terms of accessing surgical care. A
recent systematic review by Shammas et al. demonstrated that the Maryland model is
associated with improved outcomes and lower costs since implementation of the global
budget revenue model in 2013.36 In contrast to inpatient hospital care, physician payments
and outpatient services are not covered under the Maryland model; thus, disparities may still
exist in accessing outpatient care, such as non-operative treatments like epidural injections
or physical therapy for cervical degenerative conditions. Interestingly, most of the patients
who underwent ACDF in this cohort live in urban settings rather than rural settings. This
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reflects the need for geographic analysis beyond ADI for sufficient surveillance of surgical
indications and overall access to surgical care in rural settings.

An additional important finding of our study is that increasing neighborhood deprivation
was associated with greater perioperative costs. This was true both in the inpatient setting
as well as the outpatient setting. This is consistent with a maturing body of literature that
demonstrates greater charges or costs associated with spine surgery in patients of economic,
social, or geographic disadvantage. In a study of charges associated with outpatient ACDF,
patient race, median household income quartile for patient’s ZIP code, rurality, chronic
conditions, Charlson comorbidity index, number of levels fused, and number of diagnoses
were all significant predictors of increased cost.3” In a multistate analysis of lumbar

spinal fusion surgery between 2007 and 2014, patients of black race were found to have
higher total hospital charges compared to those of white or Caucasian race.1! Furthermore,
patients with opioid dependence were found to have significantly greater charges than those
without.38 This trend persists among those with chronic medical comorbidities as well. In

a retrospective analysis of patients who underwent ACDF, patients with both severe obesity
and diabetes mellitus had significantly greater charges than those with only one of those
comorbidities.3® Lumbar degenerative surgery in patients with obesity was associated with
higher costs for payors over two years postoperatively.40

The strengths and limitations of this study stem from the data source, the HSCRC. The
HSCRC is a comprehensive and longitudinal database that contains information on all
inpatient and outpatient hospital visits within Maryland. First, the database lacks any clinical
or radiographic data. Second, the database lacks information on out of state utilization of
services by Marylanders, which could be significant, given that Maryland is bordered by
regions with rich health care infrastructure. For example, there is lower utilization from
ADI1 (least disadvantaged) zip codes northeast of Washington, D.C. It is possible these
patients may have been seeking care in D.C. or Virginia, but were not included in our
analysis.

An additional potential limitation to this study is the manner in which ADI is calculated.
National ADI percentiles are tabulated for each 9-digit Zip Code Tabulation Area (ZCTA).
For state level ADI data, for each 9-digit Zip Code Tabulation Area (ZCTA) is assigned a
decile. According to the Neighborhood Atlas team at University of Wisconsin who provides
the ADI data, “ADI should not be used at any levels other than those core geographic

units defined by the Census.” However to assign geographic deprivation value to each
neighborhood within this study cohort, it was necessary to condense ADI deciles to match
the database’s geographic unit of 5-digit zip code, as previously described.*! We also
summarize ADI into broader groups of ADI tertiles as previously described.?2 There are
open questions about the validity of averaging deciles without population level weighting, as
this may particularly impact zip codes with a greater variability in geographic deprivation.
Though our approach may decrease granularity, the simultaneous generalization of ADI data
to 5-digit zip code and ADI decile scale to tertile works in the spirit of the remarks of

the UW Neighborhood Atlas team’s regarding use of ADI at non-census level tracts. This
approach is friendlier to medical epidemiology where inclusion of 9-digit zip conflicts with
the need to protect patient identity. Previous studies have performed sensitivity analysis
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with in-house data to lend credence to the 5-digit-zip-adi-group approach, but our sensitivity
analysis lacked enough observations for statistical power. However, calculating ADI before
anonymization may offer the opportunity to abandon ADI tertile approaches.*2

While ADI captures 17 measures of neighborhood deprivation including education, income,
housing, and household characteristics, it fails to capture several important environmental
and community level health factors. Despite its robustness, ADI cannot account for other
potential macro determinants of health including community-level comorbidity burdens

or ecological factors. Additionally, ADI cannot account for dynamic processes, such as
gentrification, which might elevate the overall ADI percentile while contributing to ongoing
alienation and adverse health outcomes of those being actively displaced. Furthermore,
rurality was an independent predictor of utilization, suggesting that use of ADI tertiles may
be too general or ADI itself may not capture all aspects of geographic determination. If
ADI continues to prove a valuable tool in epidemiological study of orthopedic procedures,
comparison of ADI with other geographic disparity measurements will be useful.

Greater utilization of costly decompressive cervical surgery for geographically deprived
individuals in the state of Maryland presents an opportunity to further reduce cost. Health
policy advisors might push for inclusion of ADI national percentile and state decile before
deanonymization to guide research towards cost savings. Experimenting with offering earlier
non-operative treatment could be measured with greater granularity with this data, and

could result in both decreased utilization and decreased perioperative charges for the most
geographically deprived.

One of our study’s weaknesses is the specificity of our data. Further study could attempt

to reconstitute ADI into its 17 elements to aid in detection of root causes of geographic
disparity. Additional study of orthopedic procedures and ADI could reveal discordant
patterns, illuminating a field of differential factors contributing to charges and utilization for
all patients. If geographic deprivation does indeed contribute to patients’ need for surgery, it
may also contribute to poor outcomes, such as pseudoarthrosis, infection, or instrumentation
failure. Future studies could further situate equity in cost and utilization with severity of
indication.

CONCLUSION

Funding:

This study demonstrates that neighborhood deprivation, as measured by ADI, is associated
with higher perioperative costs and higher utilization of ACDF in a population of patients
receiving surgical care in the state of Maryland. Further study of the drivers of utilization
in deprived populations, as well as interventions to reduce perioperative costs may be
warranted to improve healthcare equity.
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Figure 1-
Geographic Distribution of Area Deprivation Index, By Tertile
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Geographic Distribution of Elective Single-Level ACDF Utilization Per Capita Per 100,000

Adults, Averaged From 2013-2020
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Figure 3-
Geographic Distribution of ACDF Total Episode of Care Costs, in Inflation-Adjusted 2020

Dollars
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Table 1:

Components of Area Deprivation Index

Domain Variable
Education 1. % Population aged 25 years or older with less than 9 years of education

2. % Population aged 25 years or older with at least a high school diploma

3. % Employed population aged 16 years or older in white-collar occupations
Income/employment 4. Median family income in US dollars

5. Income disparity

6. % Families below federal poverty level

7. % Population below 150% of federal poverty level

8. % Civilian labor force population aged 16 years and older who are unemployed
Housing 9. Median home value in US dollars

10. Median gross rent in US dollars

1
1
1

1. Median monthly mortgage in US dollars
2. % Owner-occupied housing units
3. % Occupied housing units without complete plumbing

Household characteristics  14. % Single-parent households with children younger than 18

1
1
1

5. % Households without a motor vehicle
6. % Households without a telephone
7. % Households with more than 1 person per room

Spine (Phila Pa 1976). Author manuscript; available in PMC 2024 September 15.
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Table 2.

Page 15

Demographic and clinical characteristics of patients receiving anterior cervical discectomy and fusion (ACDF)

in Maryland (2013-2020), stratified by Maryland specific area deprivation index (ADI) tertile

ADI percentile ADI 1 ADI 2 ADI 3
Total 2,401 (17.97) 5,974 (44.71) 4,987 (37.32)
Setting
Inpatient 863 (35.94) 2,165 (36.24) 1,956 (39.22)
Outpatient 1,538 (64.06) 3,809 (63.76) 3,031 (60.78)
Age (years)
18-39 152 (6.33) 509 (8.52) 491(9.85)
40-64 1,481 (61.68) 3,703 (61.99) 3,206 (64.29)
>65 768 (31.99) 1,762 (29.49) 1,290 (25.87)
Sex
Male 1,182 (49.23) 2,762 (46.23) 2,137 (42.85)
Female 1,219 (50.77) 3,212 (53.77) 2,850 (57.15)
Race
White 1,545 (64.35) 3,606 (60.36) 2,532 (50.77)
Black/African American 644 (26.82) 1,795 (30.05) 2,015 (40.41)
Asian 42 (1.75) 76 (1.27) 27 (0.54)
American Indian/ Alaska Native | 7 (0.29) 13(0.22) 10 (0.20)
Hawaiian/ Pacific Islander 40 (1.67) 109 (1.82) 60 (1.20)
Multi-Racial 4(0.17) 10 (0.17) 13 (0.26)
Other 119 (4.96) 365 (6.11) 330 (6.62)
Ethnicity
Hispanic 46 (1.92) 138 (2.31) 73 (1.46)
Non-Hispanic 2,242 (93.38) 5,518 (92.37) 4,696 (94.16)
Declined/Unknown 113 (4.71) 318 (5.32) 218 (4.37)
Geographic Status
Rural 152 (6.33) 283 (4.74) 315 (6.32)
Urban 2,249 (93.67) 5,691 (95.26) 4,672 (93.68)
Insurance
Private 2,274 (94.71) 5,520 (92.40) 4,387 (89.21)
Medicare 79 (3.29) 256 (4.39) 350 (7.02)
Medicaid 48 (2.00) 192 (3.21) 248 (4.97)
Other/Uninsured 0 (0.00) 6 (0.10) 2(0.04)
Smoking Status
Never 1,932 (80.47) 4,529 (75.81) 3,440 (68.98)
Current 374 (15.58) 1,172 (19.62) 1,302 (26.11)
Former 95 (3.96) 273 (4.57) 245 (4.91)
Comorbidities
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ADI percentile ADI 1 ADI 2 ADI 3
Obesity 341 (14.20) 1,068 (17.88) 1,033 (20.71)
Diabetes 7(0.29) 39 (0.65) 23(0.46)
Hypertension 1,101 (41.69) 2,576 (43.12) 2,310 (46.32)
Ischemic Heart Disease 1(0.04) 2(0.03) 3(0.06)
Rheumatoid Arthritis 22 (0.92) 26 (0.44) 28 (0.56)
Hyperlipidemia 600 (24.99) 1,428 (23.90) 1,126 (22.58)
GERD 660 (27.49) 1,665 (27.87) 1,492 (29.92)
Cervical Myelopathy 716 (29.82) 1,678 (28.09) 1,557 (31.22)
Cervical Disc Herniation 1,776 (73.97) 4,343 (72.70) 3,581 (71.81)

ADI1 represents the least deprived areas and ADI3 represents the most deprived.

GERD=Gastroesophageal Reflux Disease

Spine (Phila Pa 1976). Author manuscript; available in PMC 2024 September 15.
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Table 3

Categorical Differences in Outcomes by Maryland Area Deprivation Index Tertile (2013-2020)

Page 17

Parameter ACDF rate per 100,000 adults (SD) | p value | total ACDF chargesin inflation adjusted USD (SD) | p value
MD ADI Tertile
ADI1 41.06 (27.67) Referent $21,496 (10,468) | Referent
ADI2 51.06 (30.58) <0.001 $22,481 (10,934) | <0.001
ADI3 57.3 (25.23) <0.001 $22,994 (15,213) <0.001

ADI1 represents the least deprived areas and ADI3 represents the most deprived.

p values from ANOVA compared to ADI1

adults = 18 years or older

Spine (Phila Pa 1976). Author manuscript; available in PMC 2024 September 15.
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Table 4
Multivariate Regression Model Analyzing ACDF Utilization Rate per 100,000 Adults in Maryland (2013-
2020)
Parameter Coefficients (95% CI) in multivariate regression model predicting ACDF rate p value
per 100,000 adults

Maryland Area Deprivation Index Tertile

ADI1 Referent

ADI2 10.91 (9.65 to 12.18) <0.001

ADI3 18.07 (16.76 to 19.39) <0.001
Setting

Inpatient Referent

Outpatient 4.59 (3.52 to 5.66) <0.001
Age

18-39 Referent

40-64 -1.35(-3.11 to 0.421) 0.135

>65 -1.62 (-3.51t00.272) 0.093
Sex

Male Referent

Female 0.48 (—0.50 to 1.46) 0.336
Race

White Referent

Black/African American -12.31 (-13.36 to -11.26) <0.001

Asian -14.95 (-19.33 to —10.56) <0.001

American Indian/Alaska Native -15.16 (—24.75 to -5.58) 0.002

Hawaiian/Pacific Islander -9.38 (-13.3 to -5.45) <0.001

Multi-Racial -7.47 (-17.56 to 2.62) 0.147

Other -2.74 (-4.78 to —0.70) 0.009
Ethnicity

Hispanic Referent

Non-Hispanic 9.81 (6.26 to 13.37) <0.001

Declined/ Unknown 8.56 (4.46 to 12.66) <0.001
Geographic Status

Urban Referent

Rural -26.51 (—28.49 to —24.52) <0.001
Insurance Status

Private Referent

Medicare -2.82 (-6.09 to -1.67) 0.008

Medicaid -7.48 (-8.03 t0 -2.84) <0.001

Other/Uninsured —8.68 (—25.96 to 13.84) 0.358

Smoking Status

Spine (Phila Pa 1976). Author manuscript; available in PMC 2024 September 15.
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Parameter Coefficients (95% CI) in multivariate regression model predicting ACDF rate p value
per 100,000 adults
Never Referent
Current 3.68 (2.49 t0 4.88) <0.001
Former -1.71 (-4.05 to 0.63) 0.152
Comorbidities
Obesity 1.99 (.73 to 3.25) 0.002
Diabetes -3.74 (-10.54 to 3.06) 0.233
Hypertension 0.12 (-0.86 to 1.10) 0.814
Ischemic Heart Disease —9.45(-30.81 to 11.90) 0.386
Rheumatoid Arthritis 4.02 (-2.02 to 10.07) 0.192
Hyperlipidemia -1.00 (-2.08 to 0.076) 0.068
GERD 3.48 (2.40 to 4.56) <0.001
Cervical Myelopathy -1.80 (-2.90 to 0.70) 0.001
Cervical Disc Herniation -3.28 (-4.53t0 -2.01) <0.001

adults = 18 years or older

ADI1 represents the least deprived areas and ADI3 represents the most deprived.

GERD=Gastroesophageal Reflux Disease
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Table 5

Multivariate Regression Model Analyzing Hospital Charges in Inflation Adjusted USD

Page 20

Parameter Coefficients (95% CI) in multivariate regression model predicting ACDF p value
charges

Maryland Area Deprivation Index Tertile

ADI1 Referent

ADI2 930.66 (354.43 to 1506.88) 0.002

ADI3 1183.75 (581.99 to 1785.50) <0.001
Setting

Inpatient Referent

Outpatient -3889.76 (—4397.53 to —3382.00) <0.001
Age

18-39 Referent

40-64 1652.21 (890.996 to 2413.47) <0.001

>65 3652.22(2815.05 to 4489.40) <0.001
Sex

Male Referent

Female -699.82 (-1116.30 to —283.33) 0.001
Race

White Referent

Black/African American 1102.00 (619.66 to 1584.34) <0.001

Asian =777.76 (—2775.19 to 1219.67) 0.445

American Indian/Alaska Native 1567.40 (-2788.68 to 5923.49) 0.481

Hawaiian/Pacific Islander 966.02 (-820.25 to 2752.28) 0.289

Multi-Racial -1498.12 (—6086.49 to 3090.24) 0.522

Other -355.90 (-1285.87 to 574.07) 0.453
Ethnicity

Hispanic Referent

Non-Hispanic 374.30 (-1240.69 to 1989.29) 0.650

Declined/ Unknown 496.01 (-1369.84 to 2361.85) 0.602
Geographic Status

Urban Referent

Rural 291.71 (-610.39 to 1193.820) 0.526
Insurance Status

Private Referent

Medicare 1642.76 (696.46 to 2589.07) 0.001

Medicaid 2268.27 (1153.48 to 3383.06) <0.001

Other/Uninsured 4407.06 (—4011.33 to 12825.44) 0.305

Smoking Status

Never

Referent

Spine (Phila Pa 1976). Author manuscript; available in PMC 2024 September 15.
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Parameter Coefficients (95% CI) in multivariate regression model predicting ACDF p value
charges

Current 112.08 (—406.69 to 630.86) 0.672
Former 9136.59 (8098.03 to 10175.14) <0.001

Comor bidities
Obesity -59.01 (-601.89 to 483.86) 0.831
Diabetes 2122.55 (=758.99 to 5004.09) 0.149
Hypertension -133.48 (-574.18 to 307.22) 0.553
Ischemic Heart Disease 21089.81 (11380.59) to 30799.02) <0.001
Rheumatoid Arthritis -861.10 (3612.52 to 1890.32) 0.540
Hyperlipidemia 108.88 (—398.84 to 616.61) 0.674
GERD -957.62 (—1423.92 to —491.33) <0.001
Cervical Myelopathy 1374.87 (872.42 to 1876.96) <0.001
Cervical Disc Herniation -1145.33 (-1718.52 to —-572.13) <0.001

adults = 18 years or older
ADI1 represents the least deprived areas and ADI3 represents the most deprived.

GERD=Gastroesophageal Reflux Disease
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