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Abstract

OBJECTIVE—Estimate (1) prevalence of major depressive disorder (MDD) diagnosis; (2) risk
factors associated with MDD diagnosis; (3) time at which MDD is diagnosed post-spinal cord
injury (SCI) and interaction of inferred mobility status (IMS) in a commercially insured
population over three years.

DESIGN—Retrospective longitudinal cohort design.
SETTING—A commercial insurance claims database from January 1, 2010 — December 31, 2013.

PARTICIPANTS—Individuals with an index cervical or thoracic SCI in 2011 or 2012, without
history of MDD <30 days pre-SCI (n=1,409).

INTERVENTION—Not applicable.

MAIN OUTCOMES—Prevalence of, risk factors associated with, and time to MDD diagnosis
post-SCI. A stratified survival analysis using IMS, based upon durable medical equipment (DME)
claims, was also completed.

RESULTS—Post-SClI, 20.87% of the sample was diagnosed with new-onset MDD. Significant
(p<0.05) risk factors included: employed, length of index hospitalization, discharged from index
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hospitalization with healthcare services, rehabilitation services post-SCI, and two of five IMS
comparisons. Median time to MDD was 86 days. Survival analysis demonstrated a significant
difference between six of ten IMS comparisons. Regarding new-onset or recurring MDD, 30.66%
of the sample was diagnosed post-SCI. Significant risk factors included: female, employed, length
of index hospitalization, discharge from index hospitalization with healthcare services,
rehabilitation services post-SCI, MDD >30 days pre-SClI, catheter claims, and two of five IMS
comparisons. Median time to MDD was 74 days. Survival analysis demonstrated a significant
difference between four of ten IMS comparisons.

CONCLUSIONS—Prevalence of MDD post-SCI is greater than the general population.
Stratification by IMS illustrated that individuals with greater inferred reliance on DME are at a
greater risk for MDD and have shorter time to MDD diagnosis post-SCI.

Keywords
Spinal Cord Injury; Depression; Cluster Analysis; Survival Analysis; Durable Medical Equipment

Introduction

Approximately 17,000 new spinal cord injuries (SCI) occur every year! and 18.7%-26.3%
of individuals post-SCI meet criteria for major depressive disorder (MDD).2 Depressive
symptoms post-SCI predict reduction in leisure activities,® spending more time in bed,*
increased healthcare utilization,>® and early mortality.” Specifically among community
dwellers post-SCI, those with probable MDD have an 86% greater risk of death compared to
those without MDD.”

Studies have reported the prevalence of and risk factors associated with MDD post-SCI and
have explored cost and/or treatment utilization,>8-13 but no studies have reported when
MDD is diagnosed post-SCI. The time at which MDD is diagnosed post-injury is important,
since depression has been noted to impact recovery. 1415

To understand current clinical practice patterns for the time to MDD diagnosis post-SCl,
insurance claims data eliminates of some biases in survey or clinical research but sacrifices
clinical details (ie. severity of depressive symptoms, severity of injury, and functional
mobility). Clinical details are important factors in research regarding MDD post-SClI, since
mobility impairments#16:17 and injury severity3.18 are identified risk factors of MDD.
Therefore, a proxy is needed when utilizing insurance claims data. Kumar et al. explored
using comorbidity indexes in a 100% Medicare sample in individuals with stroke, lower
extremity (LE) joint replacements, and LE fractures at both discharge to and from inpatient
rehabilitation to predict functional mobility.19-20 Unfortunately, comorbidity indexes were
not suitable proxies for functional mobility at either time point.19:20 Thus, different methods
to identify a proxy for functional mobility are needed.

This study explored the diagnosis of MDD post-SCI over a 3-year period among privately
insured individuals using commercial insurance claims data. To overcome the lack of
clinical detail regarding mobility impairment, we developed a new measure utilizing durable
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medical equipment (DME) claims to stratify our sample based on inferred mobility status
(IMS).

We aimed to answer the following questions: (1) What is the prevalence of MDD diagnosis
post-SCI?; (2) What are the risk factors associated with MDD diagnosis post-SCI?; (3)
When is MDD diagnosed post-SCI and does it vary by IMS? We hypothesized that the
prevalence of MDD diagnosis would be similar to previously published literature of 20—
30%. Hypothesized risk factors associated with MDD diagnosis included, age, female sex,
history of MDD, IMS, and proxies of injury severity such as length of index hospitalization.
Based on prior studies assessing depressive symptoms post-SClI, the median time to MDD
diagnosis was hypothesized to be one year, but would vary by IMS.

A retrospective longitudinal cohort design was applied using MarketScan® Commercial
Claims and Encounters Database (Truven Health Analytics, Ann Arbor, MI). This database
includes de-identified inpatient, outpatient, and pharmacy claims from employer sponsored
insurance (ESI) plans. Individuals enrolled in ESI plans include employees, those on long-
term disability and COBRA, spouses, and dependents. Within MarketScan® database, data
are available on the patient level for the duration of an individual’s coverage.

The dataset included inpatient, outpatient, and pharmacy claims and encounters from
January 1, 2010 through December 31, 2013. SAS 9.4 (SAS Institute, Cary, NC) was
utilized for dataset construction and statistical analyses. Statistical significance was
determined at the 0.05 level. The Institutional Review Board classified this study as “Not
Human Research.”

Dataset Construction

Two inception cohorts, 2011 and 2012, were extracted by identifying individuals with an
acute, inpatient diagnosis of cervical or thoracic traumatic SCI, who had coverage =90 days
pre-injury and =364 days post-injury. Cases were identified as traumatic, based upon the
International Classification of Diseases, 9t Revision (ICD-9) codes from the Barell injury
diagnosis matrix (Supplemental Table 1).21 All claims from January 1, 2010 through
December 31, 2013 were extracted. Individuals were excluded if any of the following were
noted: diagnosis of late effect of SCI (ICD-9: 907.2), which is indicative of a prior SCI; died
or missing discharge status; <16 years old at time of injury; or MDD diagnosis <30 days
pre-injury.

Individuals were classified as having MDD diagnosis if ICD-9 codes for major depressive
disorder, single (296.2) or recurrent (296.3), were identified within inpatient or outpatient
encounters or at least one outpatient pharmacy claim for antidepressants was filed.

Date of every diagnosis code and pharmacy claim was noted in relation to SCI index date.
Dichotomous variables were created using the first date, diagnosis or pharmacy claim, for
the following variables with respect to index date: (1) MDD any time pre-SCl, (2) MDD <30
days pre-SCl, (3) MDD post-SCI without an identified history of MDD pre-SCI (new-
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onset), (4) MDD post-SCI regardless of diagnosis pre-injury (new-onset or recurring).
Individuals with MDD diagnosis <30 days pre-SCI were excluded, based on the assumption
they would maintain the diagnosis and treatment immediately post-SCI.

Dichotomous variables were created to identify patient characteristics. Employment status
was classified as employed (part- or full-time) versus other, including spouses, dependents,
retired employees, COBRA participants, and those on long-term disability. Discharge
location after index hospitalization was identified as either discharged with medical services
(i.e. inpatient rehabilitation, skilled nursing, and home health) or discharged home without
services. To ascertain index SCI injury severity, dichotomous variables were created for
cervical level of injury, mechanical ventilation, tracheostomy, and spinal surgery using
ICD-9 diagnosis and procedure codes (Supplemental Table 2). ICD-9 diagnosis and
procedure, Healthcare Common Procedure Coding System (HCPCS), and Current
Procedural Terminology (CPT) codes from inpatient and outpatient claims and encounters
were analyzed to identify those with at least one claim for any rehabilitation service
(physical, occupational, or speech therapy) post-SCI (Supplemental Table 3).

Since MarketScan® does not contain information regarding functional status, HCPCS codes
were used to identify DME claims any time post-SCI. Dichotomous variables were created
for the following equipment: power wheelchairs, manual wheelchairs, walkers, crutches,
canes, mechanical lifts, transfers boards, LE orthotics, and catheters (Supplemental Table 4).
From these nine DME variables, eight were selected (power wheelchairs, manual
wheelchairs, walkers, crutches, canes, mechanical lifts, transfers boards, and LE orthotics) to
use in a A-means cluster analysis (Proc Fastclus) to infer mobility status (ie. IMS groups).

The k-means cluster analysis uses a partitional algorithm to divide the sample into 4 clusters
(“groups”) based upon identified variables.22:23 The kvalue is a specified number of
clusters.22:23 Through the algorithm, & observations are selected and identified as cluster
seeds.22:23 Remaining observations are assigned to the nearest seed based upon Euclidean
distance.2223 The seeds are then replaced by a value for the cluster center (mean or other
location estimate).22:23 This step is repeated /7 times or until the value of the cluster seed is
near or equal to zero.2223 The final clusters are created by assigning the observations to the
nearest seed.2223 Final number of clusters is determined through a trial and error process in
which the output meets a determined criterion.23

Statistical Analysis

Means and standard deviations or medians were used to describe continuous data and
frequencies and percentages were used for categorical data.

Two multiple logistic regressions were estimated to identify risk factors associated with
MDD diagnosis. Dichotomous outcomes were used for new-onset and new-onset or
recurring MDD diagnosis post-SCI. Sex, age, length of index hospitalization, and total
number of days insured were used to control for potential confounding factors. IMS was also
included in the models. Variables not found to be significant were removed one at a time and
models were refit. Model calibration was assessed using c-static. No significant interactions
were identified between sex and age categories and the models’ main effects.
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To evaluate trends in time (days) from index hospitalization to MDD diagnosis, a Kaplan-
Meier survival analysis was completed for both outcomes, new-onset and new-onset or
recurring MDD diagnosis post-SCI. Survival analyses were estimated with and without IMS
stratification. A Wilcoxon test with Bonferroni correction was used to analyze IMS
differences for p<0.05.

Demographics

The final sample included 1,409 individuals that met criteria for index SCI in 2011 or 2012
(Figure 1). The population was primarily male (67.85%) and most had a cervical injury
(68.35%) (Table 1). Mean age was 43.29+15.33 years (range 16—64) and the average length
of index hospitalization was 10.35+£16.62 days. About half of the sample had spinal surgery
(53.58%) and were discharged home without healthcare services (56.07%), but 80.13%
received rehabilitation services. After excluding individuals with MDD <30 days pre-SCl,
12.63% had a history of MDD pre-SCI with the first identified diagnosis date ranging from
31 to 700 days (median 398 days) pre-injury. Post-SCI 20.87% of the sample was diagnosed
with new-onset MDD diagnosis and 30.66% had new-onset or recurring MDD.

Inferred Mobility Status

Five IMS groups were identified: IMS-power wheelchair users (IMS-PWC), IMS-manual
wheelchair users with LE orthotics (IMS-MWC-LEO); IMS-manual wheelchair users
without LE orthotics (IMS-MWC); IMS-walker users (IMS-W); IMS-no assistive devices or
LE orthotics (IMS-NAD). The five IMS groups are consistent with observed clinical
presentations post-SCI, ranging from the greatest inferred impairment (IMS-PWC)
consisting of primarily cervical lesions, highest cost of index hospitalization, and greater
need for medical support post-discharge, to the least inferred impairment (IMS-NAD)
consisting of both cervical and thoracic level injuries, lowest cost of index hospitalization,
and least need for medical support post-discharge. The frequency of MDD diagnosis within
the IMS groups followed a similar pattern with the greatest percentage of individuals with
MDD diagnosis noted within IMS-PWC and least within IMS-NAD (Table 2 and
Supplemental Section 5).

Risk Factors of MDD Diagnosis

Table 3 summarizes multiple logistic regressions results. For new-onset MDD diagnosis
post-SCl, significant factors included employed (OR, 1.73; Clgsg,, 1.31-2.30), length of
index hospitalization (OR, 1.01; Clgse, 1.00-1.02), discharged with healthcare services
(OR, 1.98; Clgsg, 1.46-2.69), and rehabilitation services post-SCI (OR, 1.96; Clgse, 1.23—
3.13). When compared to IMS-NAD, the IMS groups IMS-PWC (OR, 3.37; Clgsg, 2.03-
5.59) and IMS-MWC-LEO (OR, 2.68; Clggy,, 1.63-4.42) were significant. This model had
acceptable discrimination (c-statistic=0.72).

For the outcome new-onset or recurring MDD diagnosis post-SCl, significant factors
included female (OR: 1.40, Clgsy,, 1.06-1.85), employed (OR, 1.76; Clgge, 1.34-2.32),
length of index hospitalization (OR, 1.01; Clgse, 1.00-1.02), discharged with healthcare
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services (OR, 1.75; Clgse, 1.30-2.35), rehabilitation services post-SCI (OR, 1.83; Clgso,
1.21-2.75), catheter claims (OR, 1.62; Clgso,, 1.04-2.53) and MDD >30 days pre-SCI (OR,
12.63; Clgse, 8.42-18.93). When compared to IMS-NAD, the IMS groups IMS-PWC (OR,
2.63; Clgsgs, 1.40-4.94) and IMS-MWC-LEO (OR, 1.83; Clgsg, 1.03-3.25) were
significant. This model had acceptable discrimination (c-statistic=0.79).

Time to MDD Diagnosis

Median time to new-onset MDD diagnosis post-SCI was 86.0 days and 74.0 days for new-
onset or recurring MDD. See Table 2 for median time to MDD diagnosis by IMS.

Figure 2(a) and (b) shows the simple and stratified survival analyses of time to new-onset
MDD diagnosis post-SCI. Test for equality over strata was significant (X2:116.79,
p=<0.0001). Six of the ten stratified survival functions comparisons were significant
(adjusted p<0.05): IMS-NAD was significantly different than the other four IMS groups and
IMS-PWC was significantly different than IMS-MWC and IMS-W.

Figure 3(a) and (b) illustrates the simple and stratified survival analyses of time to new-onset
or recurring MDD diagnosis post-injury. Test for equality over strata was significant
(x?=72.81, p=<0.0001). Four of the ten stratified survival functions comparisons were
significant (adjusted £<0.05): IMS-NAD was significantly different than the other four IMS
groups.

Discussion

This study offers several unique contributions to the growing body of knowledge of MDD
post-SCI and suggests a new method to control for possible mobility impairments within
commercial insurance claims data. Although not without limitations, our approach provided
a novel opportunity to explore clinically relevant questions in a large group of individuals
that would otherwise be extremely difficult using typical sampling approaches.

The identified prevalence of MDD diagnosis post-SCI fell within our hypothesized range of
20-30%. Methods used to assess depressive symptoms or diagnose depressive disorder(s)
vary widely within the literature. We identified two studies that retrospectively analyzed
veteran claims data for depressive disorders post-SCI.%:12 While the reported prevalence was
similar, these studies included depressive disorder diagnosis codes beyond MDD and did not
include antidepressant medication claims.®:12 We wanted to assess the diagnosis of MDD,
thus we exclusively used ICD-9 codes for MDD. We also opted to include antidepressant
pharmacy claims as an indicator of MDD based on the recommendations of two systematic
reviews2425 and with the goal of possibly improving the sensitivity of identifying MDD
while diminishing positive predicative values.24 Regardless of the method(s) used to identify
MDD or depressive disorder(s) post-SCI, the prevalence is greater than the general
population at 7.1%.26 The high prevalence of MDD post-SCI coupled with the negative
prognosis for recovery suggests the importance of a greater focus on identifying and
effectively treating MDD post-SCI to improve long-term outcomes.
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In addition to prevalence, we explored risk factors associated with MDD diagnosis post-SCI.
Finding that employment increased risk of MDD was surprising as previous studies reported
employment decreased odds of depression?” and unemployment was associated with
depression post-SCI1.18:28 This discrepancy could be due to our unique sample of acutely
injured individuals insured though ESI plans. To retain ESI coverage, employees (33.98% of
our sample) must maintain employment; therefore, the burden falls upon the employee.
Higher rates of insurance discontinuation have been noted among individuals who sustained
trauma with severe spine injury compared to the uninjured population within MarketScan®
data.2? Thus, the fear of losing coverage post-SCI could place additional stress on
employees, thereby increasing their risk of MDD diagnosis. The differing conclusions
regarding the nature of the relationship between employment status and the presence of
MDD likely reflect a variety of factors that contribute to the complexity in the etiology of
MDD as well as the influence that personal factors play in its genesis.

To our knowledge, this study is the first to use DME HCPCS codes to control for inferred
mobility status. Our novel use of a DME claims based cluster analysis stemmed from the
work of Faurot et al. who used Medicare Claims Data and Medicare Current Beneficiaries
Survey to predict activities of daily living dependency as a proxy for frailty in the elderly.3°
This study indicated possible merit of using DME equipment as a proxy for mobility
impairment(s).39 When applied to our sample, the analysis created a strong clinical
representation of observed mobility impairments post-SCI.

The inclusion of IMS in our logistic regressions and survival analyses led to several unique
findings: individuals with DME claims that are indicative of increased impairment, such as
wheelchair claims, had a greater risk of MDD diagnosis post-SCI and their time to MDD
diagnosis was shorter compared to those with limited to no relevant DME claims. While we
are unable to draw any conclusions regarding the causation, we feel these findings are
important.

First, these results contribute to inconclusive literature regarding the associations of
depression post-SCI with index injury severity and mobility impairment.16-18.31 We found
that proxies for index injury severity and mobility impairment(s) were significant risk factors
for MDD diagnosis. While our findings are supported by other studies,16-18:31 definitive
conclusions regarding these associations in the post-SCI cohort as a whole cannot be made.
More precise descriptors of injury severity and/or functional ability are likely required to
more conclusively determine the extent to which these variables influence MDD presence,
severity and impact on individuals post-SCI.

Second, time to MDD diagnose post-SCI has not previously been explored. This study offers
initial insight into clinical practice regarding the timing of MDD diagnosis post-SCI.
Contrary to our hypothesis, we found that among those with an MDD diagnosis half were
diagnosed within three months of their index injury and the timing varied by IMS. Again,
conclusions regarding causation cannot be made, but we believe this information justifies the
need for further research to explore the timing of MDD diagnosis and treatment of MDD in
individuals post-SCI.
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Study Limitations

Five primary limitations could have resulted in misidentification of MDD. First, MDD
diagnosis or antidepressant claims could have occurred outside the study time frame.
Second, only ICD-9 diagnosis codes for MDD were used. Third, antidepressants can be
prescribed for off-label use, such as pain;32 therefore, it is possible that some individuals
were erroneously identified as having MDD. Fourth, depressive symptoms were not
assessed; therefore, those with undiagnosed and/or untreated depression were misclassified.
Additionally, the presence of a MDD diagnosis does not mean the individual met criteria for
MDD, though concordance between clinical criteria of depression and Medicare claims has
shown the positive predictive value of a claim to be 66%, with a negative predictive value of
77%.33 Fifth, treatment techniques for MDD beyond antidepressant medication claims were
not captured.

HCPCS codes for DME have not been previously utilized to infer mobility status, thus, the
validity of this method needs to be explored. We were only able to capture DME claims, not
what equipment was issued, used, or obtained without insurance coverage. We attempted to
account for possible functional changes by including multiple types of DME and not setting
a specific cutoff time post-SCI by which DME claims had to be filed.

There are additional limitations, secondary to using an administrative database. Maximum
age of inclusion in MarketScan® is 64 years, since Medicare is primary for those 265 years
old. Further, insurance databases were designed for billing, not clinical research. Coding
errors and changes in coding practices over time could have impacted our results. Lastly,
external validity of this study is limited to individuals insured through ESI plans.

Conclusions

Our findings demonstrate a substantial increased prevalence of MDD diagnosis post-SCI
relative to the non-injured population. Identified risk factors included being female,
employment, proxies for index injury severity, and history of MDD. Risk of and time to
MDD diagnosis post-SCI also appears to be associated with DME claims and thus inferred
mobility impairment(s). We believe these factors are important to recognize as predictors of
depression post-SCI, but future work describing the complexity and potential interactions of
these, and other, variables to the presence and severity of MDD would have significant
clinical value. Given the associated consequences of depression on long-term health and
function in individuals following SCI, the more fully developed our understanding is of this
relationship, the better prepared we will be to address the significant impact of this condition
on patients, families and caregivers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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coverage at least 90 days pre- and
364 days post- injury
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Fig 1.

N = 1,409

Identification of spinal cord injury cohort.
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Fig 2.

Survival analysis for time to new-onset MDD diagnosis post-SCI: (a) unstratified analysis;
(b) stratified analysis by inferred mobility status.
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Fig 3.

Survival analysis for time to new-onset or recurring MDD diagnosis post-SCI: (a)
unstratified analysis; (b) stratified analysis by inferred mobility status.
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Table 1

Demographics and characteristics of those hospitalized with index SCI in 2011 and 2012

Characteristics Overall (N=1,409)
n (%)
Female sex 453 (32.15)
Highest level of SCI
Cervical 963 (68.35)
Thoracic 446 (31.65)
Employment status
Employed (full- or part- time) 548 (38.89)
Retired 116 (8.23)
Long term disability 6 (0.43)
Other 125 (8.87)
Dependent (spouse or child) 614 (43.58)
Discharge location from index hospitalization
Home 790 (56.07)
Inpatient rehabilitation 273 (19.38)
Home with home health 109 (7.74)
Skilled nursing facility 60 (4.26)
Other 177 (12.56)
Procedures
Mechanical ventilation 81 (5.75)
Tracheostomy 0 (0.00)
Spinal surgery 755 (53.58)
Catheter claims 247 (17.53)
Any rehabilitation services post-SCI 1,129 (80.13)
Mean + SD
Age (years) 43.29 £15.33
Length of index hospital stay (days) 10.25 + 16.62
Insurance coverage
Days of coverage pre-SCI 599.76 + 273.17
Days of coverage post-SCI 627.38 + 191.29
Total days of coverage 1,227.14 + 278.69
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Page 18

Results of logistic regressions predicting MDD diagnosis post-SCI for those hospitalized with index SCI in

2011 and 2012

OR (95% CI) y 4 P

New-onset MDD post-SCI
Female 1.03 (0.77 - 1.38) 0.04 0.85
Less than 35 years old 1.11 (0.82 - 1.51) 0.46 0.50
Total number of days insured 1.00 (1.00 - 1.00) 1.22 0.27
Employed 1.73 (1.31-2.30) 1451 0.0001 7
Length of index hospitalization 1.01 (1.00 - 1.02) 5.72 0.0168~
D/C from index hospitalization with healthcare services 1.98 (1.46 — 2.69) 19.28  <0.00017*
Rehabilitation services post-SCI 1.96 (1.23 - 3.13) 8.00 0.0047%
Inferred mobility status (Ref = IMS-NAD)

IMS-PWC 3.37(203-559)  22.04  <0.0001%

IMS-MWC-LEO 2.68(1.63-4.42) 1501  0.0001"

IMS-MWC 1.48 (0.89 — 2.46) 2.26 0.13

IMS-W 1.37 (0.94 - 2.00) 2.70 0.10
New-onset or recurring MDD post-SCI
Female 1.40 (1.06 — 1.85) 5.46 002%
Less than 35 years old 0.88 (0.65—1.18) 0.74 0.39
Total number of days insured 1.00 (1.00 - 1.00) 0.40 0.53
Employed 176 (1.34-2.32) 1658  <0.0001%
Length of index hospitalization 1.01 (1.00 - 1.02) 5.27 0.0217%
D/C from index hospitalization with healthcare services 1.75 (1.30 - 2.35) 13.65 0.0002%*
Rehabilitation services post-SCI 1.83 (1.21-2.75) 8.26 0.004*
MDD diagnosis >30 days pre-SCI 12.63(8.42-18.93) 15059  <0.0001
Catheter claims 1.62 (1.04 — 2.53) 4.49 003”
Inferred mobility status (Ref = IMS-NAD)

IMS-PWC 2.63 (1.40-4.94) 9.10 0.0026~

IMS-MWC-LEO 1.83(1.03-3.25) 4.27 0.0388~

IMS-MWC 1.42(0.83-2.42) 1.62 0.20

IMS-W 1.36 (0.94 - 1.95) 2.70 0.10

Abbreviations: OR, odds ratio; D/C, discharge

Significant value (p <0.05).
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