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Abstract
Study design Retrospective analysis of self-report and administrative billing data.
Objectives (1) Identify the self-reported prevalence of seven chronic health conditions (CHCs) in adults with chronic,
traumatic spinal cord injury (SCI), (2) Examine the relationships between the presence of CHC with future hospital
admissions and total number of inpatient days and (3) identify predictors of utilization.
Setting Data were collected from participants living in and utilizing hospitals in South Carolina, USA.
Methods Participants were identified through the South Carolina SCI Surveillance System Registry. Between 2010 and
2013, 963 adults ( > 18 years old) with chronic ( > 1-year), traumatic SCI completed self-report assessments (SRAs); this
analysis includes data from 787 individuals. The presence/absence of the seven CHC was assessed using self-report data.
Administrative billing data were used to assess hospital utilization in non-federal, South Carolina hospitals in the year
following the SRA.
Results In all, 40.5% reported no CHC; 23.4% reported one CHC and 36.1% reported having two or more CHC. The most
commonly reported CHCs were hypertension (43.1%), high cholesterol (32.2%) and diabetes (15.8%). In total, 59% had at
least one hospital admission in the year following the SRA (mean 3 ± 5; range 0–45; median= 1). The mean total inpatient
days was 15.7 ± 43 days (range 0–365; median= 1). Predictors of hospital admission included CHC, pressure sores,
education, prior hospitalization and injury severity. With the exception of CHC, each was also associated with total number
of inpatient days.
Conclusions CHC are prevalent and associated with hospital admissions in adults with chronic, traumatic SCI.

Introduction

Traumatic spinal cord injury (SCI) often results in physical
disability and an elevated risk of long-term health compli-
cations, including chronic health conditions (CHCs) [1–4].
CHC (e.g., heart disease, hypertension, diabetes and cancer)
are commonly defined as conditions lasting for an extended
period of time ( > 12 months), which develop slowly,
require ongoing medical attention and limit daily activities

[5, 6]. CHC can be distinguished from secondary health
conditions (SHCs), which arise as a result of SCI (e.g.,
pressure sores) [1, 2, 4], as CHC include pre-existing,
typically progressive diseases and conditions not considered
a direct result of disability [4, 5].

Studies suggest that individuals with SCI may experience
an accelerated onset of CHC usually associated with the
aging process, and at higher rates than age-matched indi-
viduals without disability [7, 8]. In particular, increased risk
and prevalence of cardiovascular disease [9–11], heart
attack [12, 13], stroke [9, 10, 14], diabetes [12, 15, 16],
hypertension [12] and dyslipidemia [12] have been
observed in both chronic and acute SCI [17]. While a
number of studies have assessed the incidence and pre-
valence of specific CHC, rarely has the occurrence of
multiple chronic conditions (MCCs) been studied in indi-
viduals with SCI [3, 18]. The presence of MCC, defined as
two or more CHC, has been found to complicate medical

* James S. Krause
krause@musc.edu

1 College of Health Professions, Medical University of South
Carolina, Charleston, SC, USA

2 Arnold School of Public Health, University of South Carolina,
Columbia, SC, USA

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-018-0185-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-018-0185-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-018-0185-9&domain=pdf
mailto:krause@musc.edu


care, increase the risk and duration of hospitalization, and
raise the risk of mortality [6, 19–21]. Owing to the profound
health consequences, health care utilization and costs
associated with having MCC, there has been increased
emphasis on studying MCC in the general population in
recent years [22–24]. However, few studies have addressed
comorbid CHC in individuals with chronic SCI, and limited
data exist regarding associated hospital utilization in the
United States.

One recently published large-scale study of adults with
chronic SCI (n= 1678) reported the lifetime prevalence of
concurrent CHC [3]. Nearly half of the sample reported at
least one CHC, and 23.2% reported having MCC. Another
study recently documented the prevalence and incidence of
five CHC in individuals with long-term disability, including
414 participants with SCI [18]. The study found that having
one or more CHC is a significant predictor of incidence of
additional CHC [18]. Although high prevalence rates were
reported for each of the CHC and MCC, the findings were
not broken down by disability type, thus it is not possible to
report on those with SCI.

The current literature identifies a need for the study of
comorbid CHC in individuals with SCI and the associations
between CHC and health care utilization. High rates of
hospital admissions are commonly observed after SCI, and
hospitalizations largely contribute to the high costs of living
[25–28]. Previous studies have identified risk factors for and
causes of re-hospitalization after SCI [25, 29–33]. The most
commonly reported causes are SHC including urinary tract
infections, pressure sores, pneumonia, pain and depression
[29, 34–37]. The relationships between CHC and hospital
utilization have not been adequately studied. Additionally,
although multimorbidity has been associated with “inap-
propriate health care utilization” [30] in individuals with
SCI, the relationship between MCC and hospital admissions
or total number of days hospitalized has not been assessed.
Considering the increased need for medical care and risk of
hospitalization associated with the presence of CHC and
MCC in the general population, it is reasonable to hypo-
thesize similar relationships will be observed in those with
SCI. Knowledge of this relationship is crucial to under-
standing the types of prevention needed to attenuate future
risks and burden of hospitalization.

Our purpose was to (1) identify the prevalence of seven
CHC, including diabetes, heart attack, coronary heart dis-
ease, stroke, hypertension, high cholesterol and cancer in
adults with chronic SCI using a self-report assessment
(SRA), (2) to merge this with administrative billing data to
examine the relationships between the presence of CHC and
hospital utilization (hospital admissions and total number of
inpatient days) in the 12 months after the SRA and (3)
identify predictors of utilization.

Methods

A detailed description of the self-report and administrative
data collection procedures has been previously published
[28]. All study procedures were approved by an institutional
review board.

Participants

Participants were identified through the South Carolina
SCI Surveillance Registry (SCSCISR), a population-
based registry of SCI occurring in the state of South
Carolina. All non-federal hospitals are mandated to report
discharge data on hospitalizations involving SCI to the
South Carolina Office of Revenue and Fiscal Affairs,
Health, and Demographics (RFAHD) through the
uniform billing discharge data (UB-04). The SCSCISR
does not include military or veteran hospitals and, there-
fore, represents the civilian population. Duplicate admis-
sions are eliminated using personal identifiers. Individuals
who have moved out of state are excluded, as well
as cases presenting as late effects of SCI (i.e., not incident
cases).

From the SCSCISR, 3132 individuals with a hospital
discharge from 1998 to 2012 were recruited. There were
963 respondents to the SRA (30.7%). The reasons for non-
response included: deceased (n= 199), refusal to participate
(n= 706) and lost/unable to reach (n= 1264). Inclusion
criteria were: (1) ≥ 18 years of age, (2) ≥ 1-year post-injury
and (3) traumatic SCI with residual effects (i.e., not com-
plete recovery). Preliminary analyses have shown indivi-
duals with SCI from certain counties bordering other states
are likely to seek care in those states. Respondents from
those counties (n= 153) were excluded because South
Carolina administrative billing data would not capture all of
their hospitalizations. Respondents surveyed after 1 January
2016 (n= 23) were excluded since 2017 utilization data
were not available. Of the 963 respondents, 176 were
excluded from the current analysis. The current analysis
includes 787 participants.

Data collection procedures

Self-report assessments

SRA were collected by mail between 2010 and 2013. Pro-
spective participants were sent a letter describing the study
and notifying them of forthcoming materials. Individuals
who did not respond to the initial request received second
mailings and follow-up phone calls. If requested by the
participant, a third mailing was sent. Participants received
$50 remuneration.
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Administrative billing data

The administrative billing data source is limited to non-
federal hospitals in South Carolina. We controlled for out-
migration (receiving treatment in a different state where
records are not available) as previously detailed, by elim-
inating those participants from counties where outmigration
for hospitalizations was most likely to occur [28]. Data on
number of hospital admissions were acquired through the
RFAHD, which receives medical record and charges data
from South Carolina hospitals at least quarterly. We
examined records of hospitalizations in the 12 months after
the SRA date. General inpatient, specialty hospital inpatient
(rehabilitation, psychiatric) and long-term acute care hos-
pitalizations were included in the calculation of hospitali-
zations. All types of hospital admissions (including long-
term acute and specialty) were used. All but one SRA
respondent were matched to RFAHD administrative
records.

The outcome variables abstracted from the administrative
billing records were: (1) inpatient hospital admissions and
(2) total number of days spent in hospital care. In the
12 months after responding to the SRA, inpatient admis-
sions ranged from 0 to 45 admissions, and total inpatient
days ranged from 0 to 365 days in the year following the
SRA.

Measures

Participants completed a composite SRA comprised of
multiple measures. The SRA included sociodemographic
and injury variables, as well as variables assessing health
conditions and prior utilization. Participants were asked age,
gender, race (collapsed to white/non-white), highest level of
education (six ordinal categories), annual household income
from all sources (>$25K, $25–75K and >$75K), commu-
nity type (urban or rural) and relationship status (dichot-
omized as married/couple and single). Injury characteristics
included time since injury (years) and injury severity,
categorized into five groups: (1) C1–C4, non-ambulatory,
(2) C5–C8, non-ambulatory, (3) non-cervical, non-ambu-
latory, (4) ambulatory, regardless of injury level ( < 1000
feet) and (5) ambulatory, able to walk > 1000 feet. A similar
classification scheme, with only four levels of injury
severity has been frequently used in studies of health and
mortality in individuals with SCI [3, 28]. This classification
scheme serves as a proxy measure for the American Spinal
Injury Association (ASIA) Impairment Scale (AIS A-D).
Due to the large number of ambulatory participants in the
current sample, an additional level of ambulatory status
(walk > 1000 feet) was included.

The presence/absence of seven CHC was assessed using
standardized questions from the Behavioral Risk Factor

Surveillance System (BRFSS) available at the time of the
SRA development. Participants were asked, “Has a doctor,
nurse, or other health professional ever told you that you
had [name of condition]?” The conditions were presented as
follows: (1) diabetes (not including gestational), (2) heart
attack (also called a myocardial infarction), (3) angina or
coronary heart disease, (4) a stroke, (5) high blood pressure
(hypertension, not including during pregnancy), (6) high
cholesterol or (7) cancer. The total number of CHC was
summed (0–7). Individuals reporting two or more CHCs
were classified as having MCC.

Additionally, the SRA included a series of questions on
pressure sores, defined as “open sores in pressure areas,
such as your tailbone, ischium, heel, and elbows, which are
usually caused by pressure but may also be caused by
friction or shearing (rubbing), moisture, burns, or falls.”
Participants reported the presence/absence of a current
pressure/skin sore. Pressure sores are a serious SHC and
have been previously reported to increase the risk of hos-
pitalization and lengths of stay; therefore, they were inclu-
ded in the analysis as a statistical control [37, 38].

Self-reported health care access and prior utilization were
also assessed and included as predictors. Participants were
asked if there was ‘a place or places where they usually go
when sick or in need of health advice.’ They were asked if
they had ‘missed or postponed needed medical care due to
lack of money, insurance, or transportation.’ They were
asked to report, “In the past year (12 months), how many
times (if any) have you been hospitalized for any reason?”
The variable ranged from ‘0 to 10+’ hospitalizations.

Statistical analyses

All analyses were completed with SAS Version 9.4 (SAS
Institute). Descriptive statistics, mean (SD) or n (%), are
presented. Bivariate analyses were conducted and multiple
regression models were tested. Given the many potential
predictor variables and the large number of observations
missing data for one or more of those variables, non-
significant predictor variables were dropped from the
models unless they improved goodness of fit as measured
by Akaike information criterion (AIC). This maximized the
number of observations included in each analysis; 581
observations were analyzed. The incidence rate ratios
(IRRs) and 95% confidence intervals are presented.

Results

Descriptive

The current study included 787 participants with chronic,
traumatic SCI; 72.2% were male, 59.2% were white and the
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average age was 49.7 years (Table 1). Seventy-seven per-
cent of participants had a minimum of high school educa-
tion. Forty-four percent reported household income of
$20,000 or more.

Of participants, 40.5% (n= 317) reported no CHC;
23.4% (n= 183) reported having only one CHC and 36.1%
(n= 283) reported having MCC (two or more CHC). The
three most commonly reported CHCs were hypertension

(43.1%), high cholesterol (32.2%) and diabetes (15.8%).
Less than 10% of participants reported having had a heart
attack, angina, stroke or cancer (Table 2).

Fifty-nine percent of participants had at least one hospital
admission in the 12 months following the SRA. A total of
2366 hospital admissions were reported in the same time
frame. On average, participants reported 3 ± 5 admissions
(range 0–45, median= 1). Forty-one percent of participants
had zero inpatient admissions, 21.7% had 1–5 admissions,
9.5% had 6–10 admissions and 7.4% had 10 or more hos-
pital admissions in the year following the SRA. The mean
total inpatient days in the hospital was 15.7 ± 43 days (range
0–365, median= 1). Of those hospitalized, 34.3% of par-
ticipants spent a total of 1–7 days in the hospital, 6.6%
spent 8-14 days, 5.1% spent 15-29 days and 12.5% spent 30
or more days in the hospital.

Regression

There were five significant predictors of the number of
hospital admissions (Table 3). Bivariate results and results
from the final multivariate regression are presented. In the
final model, the presence of a pressure sore at or near the
time of the assessment, greater number of CHC, more
education and more self-reported prior hospitalizations were
associated with more admissions. For example, for every
additional CHC (summed 0–7), there is a 12% increase in
the rate of hospital admissions. More severe SCI was also
associated with more admissions (injury severity: higher
score= less severe). Income, race, gender, relationship
status, usual place of care and missed care were not pre-
dictive of hospital admissions.

In the final model, there were four significant predictors
of inpatient hospital days, including the presence of a
pressure sore at or near the time of the SRA, more educa-
tion, more reported prior hospitalizations and more severe
SCI (Table 3). The number of CHC was not significantly
associated with the total number of inpatient hospital days.
None of the other factors was significant.

Table 1 Participant characteristics (n= 787)

Mean (SD)

Age 49.7 (16.7)

Time since injury 6.8 (8.8)

n (%)

Gender (male) 568 (72.2)

Race/ethnicity (white) 465 (59.2)

Education

No high school 175 (22.7)

High school 289 (37.5)

Associates/vocational/bus 207 (26.9)

Bachelors 57 (7.4)

Masters 28 (3.6)

Doctorate 14 (1.8)

Income

<$25K 466 (62.4)

$25–75K 199 (26.6)

>$75K 82 (11.0)

Community type (urban) 554 (70.4)

Relationship status (single) 409 (52.7)

Usual place of care (yes) 707 (91.2)

Missed care (no) 449 (58.2)

General health

Poor 69 (8.8)

Fair 291 (37.1)

Good 289 (36.9)

Very good 105 (13.4)

Excellent 30 (3.8)

Current pressure sore (yes) 134 (17.5)

SRA prior admissions

None 453 (58.2)

1–4 297 (38.1)

5–9 21 (2.7)

10+ 8 (1.0)

Injury severity

C1–4, non-ambulatory 41 (6.2)

C5–8, non-ambulatory 77 (11.7)

Non-cervical, non-ambulatory 119 (18.0)

Ambulatory 212 (32.1)

Ambulatory, walk 1000 feet 212 (32.1)

Table 2 Self-reported chronic health conditions (CHCs)

Chronic health conditions Frequency Percent

Hypertension 355 43.1

High cholesterol 250 32.2

Diabetes 123 15.8

Cancer 73 9.4

Stroke 67 8.7

Angina or coronary heart disease 64 8.2

Heart attack 59 7.6

Multiple chronic conditions (≥ 2 CHC) 238 36.1
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Discussion

In the United States, roughly 50% of the adult population
has one CHC, and 31.5% have MCC [6, 39]. Considering
the profound health consequences of CHC and increased
rates and lengths of hospitalization related to CHC and
MCC in the general population, we sought to examine the
relationships between the presence of CHC and hospital
utilization in individuals with chronic, traumatic SCI. We
used self-report responses to predict those individuals
with a SCI who are at greatest risk for increased hospital
inpatient admissions and total days hospitalized per year.
We found that having a greater number of CHC was
associated with more hospital admissions but not the total
days hospitalized.

We examined the rates of seven CHC and MCC.
Overall, compared with publicly available South Carolina
(general population) BRFSS prevalence and trends data
[40] that corresponds to the time frame of our SRA
(2010–2013), our participants reported higher rates of
hypertension (43.1% vs. 38.4%), diabetes (15.8% vs.
12.5%), stroke (8.7% vs. 3.8%), angina or coronary heart
disease (8.2% vs. 5.1%), heart attack (7.6% vs. 5.2%) and
lower rates of high cholesterol (32.3% vs. 42.6%). We
found a larger percentage of participants reported hyper-
tension than expected based on previous studies in indi-
viduals with SCI (6–29%) [2, 3]. The reported rates of
diabetes and coronary heart disease are within the ranges
previously presented in the literature, 5–22% and

3.6–24%, respectively [2]. Compared with prevalence
rates from a clinical cohort primarily from the state of
Georgia [3], our population-based cohort had a slightly
greater percentage of participants reporting each of the
seven CHC. Among participants, 36.1% reported having
MCC, higher than rates reported in an earlier study of
individuals with SCI (23.3%) [3], and higher than esti-
mates for the general population.

In terms of re-hospitalization and lengths of stay, data
from the National Spinal Cord Injury Database suggest
roughly 30% of individuals with SCI are re-hospitalized at
least once in any given year after injury, with an average
length of stay of 22 days [41]. Although the SCI Model
Systems data do indicate causes of re-hospitalization, they
do not identify specific CHC. Further, although studies have
examined risk factors for hospitalization, data regarding the
association of CHC and hospital utilization are lacking.
Previous studies of hospital utilization have found that
decreased physical health, increased injury severity and
increased time since injury are associated with increased
hospitalization [28, 42]. In general, findings are mixed
regarding race and education as predictors of hospitalization
after SCI [28, 42].

Our findings support injury severity as a predictor and
highlight the importance of CHC. In line with findings
from the general population, we found that increasing
number of CHC (having more CHC, i.e., MCC) was
associated with an increased number of hospital admis-
sions [22, 43]; however, CHCs were not associated with

Table 3 Predictors of subsequent hospital admissions and total days admitted (n= 581)

Number of hospital admissions Total days in the hospital

Unadjusted Final multivariate regression Unadjusted Final multivariate regression

IRR p IRR 95% CI p IRR p IRR 95% CI p

Urban (rural) 0.96 0.8031 0.98 0.9204

General health 0.90 0.1829 0.97 0.8128

Able to walk (no) 0.42 < 0.0001 0.22 < 0.0001

Age 1.00 0.8321 0.99 0.0295

Race (white) 1.15 0.3115 1.17 0.88 1.54 0.2808 1.11 0.5801

Gender (male) 1.22 0.1800 1.29 0.99 1.69 0.0638 0.94 0.7758 1.35 0.90 2.02 0.1464

Injury severity 0.69 < 0.0001 0.79 0.70 0.89 0.0001 0.49 < 0.0001 0.59 0.49 0.70 < 0.0001

Income 1.02 0.3720 1.02 0.96 1.09 0.5443 0.99 0.7202 0.98 0.91 1.07 0.6837

Education 1.14 0.0254 1.21 1.07 1.37 0.0021 1.12 0.2106 1.44 1.19 1.75 0.0002

Relationship status (no sig. other) 0.89 0.4074 0.87 0.66 1.14 0.3149 0.69 0.0554 0.85 0.57 1.27 0.4313

Usual place of care (no) 1.79 0.0277 1.37 0.83 2.28 0.2206 1.40 0.3580 0.78 0.39 1.57 0.4858

Missed care 0.81 0.0285 0.88 0.73 1.07 0.2160 0.95 0.6983 0.91 0.68 1.22 0.5427

Current pressure sore (no) 2.54 < 0.0001 2.00 1.44 2.78 < 0.0001 4.11 < 0.0001 2.84 1.73 4.64 < 0.0001

Chronic conditions 1.07 0.1999 1.12 1.02 1.23 0.0235 0.93 0.3188 1.05 0.91 1.21 0.4807

SRA prior admission 1.30 < 0.0001 1.18 1.08 1.28 0.0001 1.38 < 0.0001 1.21 1.06 1.39 0.0051

IRR incidence rate ratio, CI confidence interval, SRA self-reported assessment
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the total number of inpatient days in the hospital. Prior
hospitalization, greater severity of SCI, current/recent
pressure sore and more education were significantly
associated with both hospital admissions and total number
of days spent in the hospital. Contrary to previous self-
report findings [42], more education was associated with
greater number of hospital admissions and days in the
hospital. Although only included as a statistical control,
our findings confirm the risks of pressure sores for hos-
pital admissions and highlight that pressure sores are
associated with a greater number of days spent in the
hospital per year [37, 38].

Methodologic considerations

There are important methodologic considerations to
acknowledge when evaluating the results. First, this study is
relatively unique in combining self-report and objective
administrative billing data. However, as the predictor and
CHC variables came from a SRA, there is potential for
recall bias. This is a limitation with all self-report data.
Second, we had a 30.7% response rate for the SRA. Follow-
up studies of population-based cohorts lack a natural point
of contact that is typically present in studies of clinical
cohorts in which the individual has received services from a
particular institution and is not surprised by further contact.
Third, the patient identifiable administrative billing data
were limited to visits occurring within South Carolina; we
did not capture South Carolina residents who may have
sought care across state lines. Fourth, it is important to
highlight that the SCSCISR data are population-based and,
therefore, has greater generalizability to the full SCI
population when compared with data obtained from clinical
service settings, particularly those with specialty services,
including the SCI Model Systems. Individuals with less
severe SCI and those who have an inability to pay may fall
through the cracks of clinical settings and be less well
represented in research. Finally, our measurement of CHC
was defined by whether the condition had ever occurred,
modeled on items used in the general population BRFSS.
The incidence of CHC (prior to or after SCI) was not
assessed. Since the development of our SRA, additional
chronic conditions have been added to the BRFSS.

Future directions

This study is novel and innovative in the linkage of self-
reported CHC with subsequent hospital utilization. Overall,
we observed relatively high rates of CHC and MCC in our
predominantly middle-aged cohort, and we can expect the
prevalence rates to rise as the population ages. It is
imperative that future research and care shift focus toward
concurrent CHC and managing clusters of CHC to prevent

adverse outcomes, including costly hospitalizations and
mortality. The health and wellness of adults with long-term
SCI is contingent upon increased awareness of the pre-
valence and risks of CHC, coordinated care, and effective
prevention and treatment efforts.

Our results highlight the associations between increasing
number of CHC (i.e., MCC) and hospital admissions. These
findings may alert consumers to the risks of having MCC
and may allow care managers to intervene and possibly
reduce the need for hospitalizations and days spent in the
hospital. Continued study of the relationship between CHC
and hospital utilization, considering additional CHC and
controlling for the presence of SHC, is necessary to better
understand these relationships.

Although we observed a substantial number of hospital
admissions, we have yet to analyze the associated costs.
Utilization of health services is a critical topic in under-
standing costs and patterns of care after SCI, and continued
study is warranted. In the USA, the costs associated with
CHC exceed $100 billion annually, and a disproportionate,
71% share of the nation’s health care costs is attributed to
MCC [39]. Future analysis of cost data is necessary to
identify the costs associated with CHC hospitalizations and
prevent costly outcomes in individuals with SCI.

Conclusion

CHCs were prevalent. More than a third of the current study
sample reported having MCC. As the number of CHC
increased, so did hospital admissions. However, CHCs were
not associated with the total number of inpatient days.
Continued large-scale, population-based study is necessary
to understand the incidence, prevalence and clustering of
CHC, and the associations with hospital utilization and cost.
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