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BACKGROUND: Medically underserved areas are composed of vulnerable populations with
reduced access to ambulatory care services. Our goal was to determine the association
between residence in a medically underserved area and severe sepsis incidence and mortality.

METHODS: Using administrative data, we identified adults admitted with severe sepsis to
nonfederal hospitals in South Carolina. We determined whether each resident lived in a
medically underserved area or nonmedically underserved area from US Census and
Department of Health and Human Services data. Age-adjusted severe sepsis incidence and
mortality rates were calculated and compared between both residential classifications.
Multivariate logistic regression measured the association between residence in a medically
underserved area and mortality while adjusting for confounders.

RESULTS: In 2010, 24,395 adults were admitted with severe sepsis and 1,446,987 (43%) adults
lived in a medically underserved area. Residents of medically underserved areas were
admitted more frequently with severe sepsis (8.6 vs 6.8 cases/1,000 people, P < .01) and were
more likely to die (15.5 vs 11.9 deaths/10,000 people, P < .01), with increased odds of severe
sepsis-related death (OR, 1.12) after adjustment for age, race, and severity of illness. ZIP
code-based surrogates of socioeconomic status, including median income, proportion
below poverty level, and educational attainment, however, had minimal association with
sepsis mortality.

CONCLUSIONS: Residence in a medically underserved area is associated with higher incidence
and mortality rates of severe sepsis and represents a novel method of access-to-care
adjustment. Traditional access-to-care surrogates, however, are poorly associated with
sepsis mortality. CHEST 2016; 150(4):829-836
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Severe sepsis is an enormous public health threat, with
> 1.6 million cases annually in the United States,1 where
it remains the 11th leading cause of death.2 Because
severe sepsis is almost exclusively cared for in an
inpatient setting, it is most commonly viewed in the
context of hospital care and outcomes. However,
increasing evidence suggests that ambulatory care
sensitive conditions (ACSCs), such as diabetes mellitus
and hypertension,3 and sociodemographics associated
with poor access-to-care, such as race, education, and
income,3-5 are important risk factors for the
development and severity of sepsis. These associations
raise the question of whether severe sepsis should be
viewed from a broader health services perspective and
arguably as an ACSC.

Historical attempts to examine the impact of access-to-
care on severe sepsis in administrative data sets have
been limited to ZIP code-based surrogates, including
median income, proportion of the population below the
poverty level, and educational attainment obtained from
the US Census database.4 However, these variables can
lack specificity regarding access to basic medical
services. The Department of Health and Human Services
(DHHS)6 can designate regions of the US medically
underserved areas (MUAs) if they have critical
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deficiencies in health care and have vulnerable
populations. Specifically, MUA status is granted based
on a region’s score on four key variables: (1) the ratio of
primary care physicians (PCPs) per 1,000 people, (2) the
infant mortality rate, (3) the proportion of the
population with income below the poverty level, and (4)
the percentage of the population $ 65 years of age.
Although MUA status is used to determine eligibility for
federal aid, its utility as a research tool to examine the
impact of access-to-care on health has not been
explored.

We sought to examine if there is an association between
MUA residence and sepsis incidence and mortality rates.
We hypothesized that people living in an MUA will be
admitted with severe sepsis more frequently and have
higher sepsis-related mortality rates independent of
previously described racial disparities in sepsis.4,5

Additionally, we compared the strength of associations
between MUA residence and traditionally used ZIP
code-based covariates to determine the optimal
methodology to control for access-to-care. Because of its
geographic granularity and its assessment of physician
availability, we hypothesized that MUA residence would
be more closely associated with sepsis mortality than
traditionally used ZIP code-based surrogates.
Methods
Study Design and Data Source

This was a retrospective cohort study of adults hospitalized with severe
sepsis to nonfederal hospitals in South Carolina (SC) in the calendar
year 2010 using the state’s hospital discharge database. This state
was chosen based on its large proportion of the population who
reside in MUAs and the accessibility of its MUA geographic data.
MUA designation status was obtained from the SC Department of
Health and Environmental Control.7 Population estimates were
based on the US Census data from 20108 in order to accurately
reflect the SC population during the year from which the hospital
administrative data were analyzed.

Severe Sepsis Cohort Identification
We identified all patients, $ 20 years of age, who were admitted to an
acute care hospital in 2010 and experienced severe sepsis during this
admission. We identified a preliminary cohort using the
International Classification of Disease, 9th Edition, Clinical
Modification (ICD-9-CM) codes for severe sepsis (995.92) or septic
shock (785.52). This method favors specificity over sensitivity
when compared with alternative approaches.9,10 Additionally, we
identified a second cohort using a validated approach which
combines the ICD-9-CM codes for septicemia (038.xx) and different
organ failures11 and provides increased sensitivity when compared
with the explicit coding approach.9 Because only a small proportion
of these two preliminary cohorts overlapped, we elected to include
patients in the final analysis cohort if they were identified by either
coding approach in order to enhance generalizability.
Identification of MUA ZIP Codes

The SC Department of Health and Environmental Control7 provides a
map of the state which displays all MUAs and non-MUAs with their
ZIP code boundaries. This map was overlaid with a second map12

which contained labels for each individual ZIP code, and each ZIP
code was manually assigned either: (1) MUA status if any part of
that ZIP code was comprised of an MUA or (2) non-MUA status if
no part of the ZIP code was designated as an MUA.
Data Collection

Adult population data for all MUA and non-MUA ZIP codes
were extracted from the US Census database. Patient-level
sociodemographic data, including age, sex, race, and insurance
status, ICD-9-CM diagnosis and procedure codes, and mortality
were extracted from the SC hospital discharge database. Deidentified
hospital-level data, including urban/rural and teaching/nonteaching
status for each severe sepsis admission, were similarly collected. A
previously validated severe sepsis mortality prediction tool was used
to risk adjust each member of the cohort.13 Briefly, this tool
combines patient demographics with ICD-9-CM codes for both
comorbidities and acute complications of sepsis. The tool generates
a probability of mortality for risk adjustment with administrative
data and has demonstrated excellent discrimination and external
validity. Finally, ZIP code-level covariates that have historically been
used as surrogates for access-to-care, including median income,
proportion of the population below the poverty level, and
educational attainment, were collected for each patient using US
Census data.
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Data Analysis

Using individual patient ZIP codes, we stratified the severe sepsis
cohort into those who reside in MUAs and those who reside in non-
MUAs and compared baseline characteristics between the groups
using Student t test or c2 test as appropriate. We calculated severe
sepsis age-adjusted incidence and in-hospital mortality rates for each
group using the population data for all MUA and non-MUA ZIP
codes as denominators. Rates were compared between patients who
reside in MUAs vs non-MUAs using the c2 test, and ratio ratios
were calculated. Additionally, we performed multivariable logistic
regression modeling, with in-hospital mortality as the outcome
variable. The model included a priori-selected patient covariates,
including age, sex, race, insurance status, sepsis mortality probability
(partitioned into quartiles: 0%-20%, 21%-40%, 41%-60%, and 61%-80%),
and hospital covariates, including location and teaching status. In
addition, we adjusted for median income by ZIP code, proportion
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Figure 1 – South Carolina medically underserved areas. Most of the state’s ge
the state’s adult population lives. Inset, An individual ZIP code (29455) is re
access-to-care heterogeneity that exists at the ZIP code level. (Adapted with
ronmental Control.7)
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of the population below the poverty level by ZIP code, and
proportion of the population with high school education or lower by
ZIP code in order to examine their associations with mortality
compared with residence in an MUA. The regression models were
manually constructed with the sequential addition of individual
covariates. At each step, the model was reanalyzed, and covariates
were removed if they did not contribute to the model’s predictive
capability unless otherwise stated. Finally, to examine whether MUA
residence may impact sepsis outcomes by modulating severity of
illness, we compared the distribution of patients in each residence
category across the mortality probability quartiles using the c2 test.

All analyses were performed in SAS version 9.4 (SAS Institute). A two-
sided a of 0.05 was considered the threshold for significance. The study
was reviewed and approved by the institutional review board at the
Medical University of South Carolina.
Results

Population Data and the Severe Sepsis Cohort

The total SC population $ 20 years of age in 2010 was
3,400,939. Of the 424 ZIP codes in the state, 246 were
categorized as MUAs, representing 1,446,987
people $ 20 years of age (43%) (Fig 1). Approximately
34% (n ¼ 490,473) of the population in MUA ZIP codes
was of black race, whereas only 23% (n ¼ 404,507) of the
non-MUA population was black. In 2010, there were
339,670 admissions to nonfederal hospitals in SC. Of
these, 11,668 contained an ICD-9-CM code for severe
sepsis or septic shock, whereas 21,068 admissions met
criteria for severe sepsis using the Martin coding strategy,
and 7,767 met both coding criteria. Therefore, use of both
coding strategies generated a total of 24,395 admissions in
the severe sepsis cohort after exclusions, 51% of which
(n ¼12,532) resided in MUAs (Fig 2). Table 1 compares
baseline characteristics of patients from non-MUAs and
MUAs in the severe sepsis cohort. Patients with sepsis
fromMUAs were younger, more likely to be of black race,
and more likely to have Medicaid, whereas other
characteristics were similar between the groups.
Age-Adjusted Incidence and Mortality Rates

Residents of MUAs exhibited a higher incidence rate of
admission with severe sepsis compared with residents
of non-MUAs (8.6 vs 6.8 admissions per 1,000 people,
P < .01) across all age groups (Fig 3A). Although the
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339,670 Total Admissions in 2010

24,969 Total Admissions for Severe Sepsis
11,668 Explicit Coding Approach

21,068 “Martin” Coding Approach
7,767 Both Coding Approaches

574 Excluded
       47 Missing Data
       527 Other Race

24,395 Severe Sepsis Cohort

12,532
Medically Underserved

11,863
Nonmedically Underserved

Figure 2 – Overview of the analysis cohort.
absolute difference in incidence rate was highest with
increasing age, the rate ratios suggest that younger adults
(< 40 years of age) experience the largest relative
increase in severe sepsis incidence. Similarly, in-hospital
mortality rates during admission with severe sepsis were
higher in residents of MUAs (15.5 vs 11.9 deaths per
10,000; P < .01), with the largest absolute differences
seen among older adults, whereas peak rate ratios were
observed between 40 and 65 years of age (Fig 3B).
TABLE 1 ] Characteristics of Patients Hospitalized With Sev
and Medically Underserved Areas

Characteristics
Nonmedically Und

(n ¼ 11,86

Demographics

Age, mean � SD (median), y 67.4 � 16.8

Male sex 5,613 (47

Black race 3,384 (28

Insurance status

Medicare 7,933 (66

Medicaid 1,069 (9.0

Commercial insurance 2,047 (17

Other insurance 814 (6.8

Comorbidity burden

Charlson comorbidity index, score � SD 2.2 � 2.

Severity of illness

Sepsis risk score, mean � SD 17.8 � 12

Outcomes

Deaths 2,082 (17

Values are No. (%) or as otherwise indicated.
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MUA Residence Is Associated With Severe Sepsis
Mortality

Multivariate logistic regression demonstrated that after
adjustment, MUA residence was associated with a
greater odds of dying with sepsis (OR, 1.12; 95% CI,
1.04-1.20) (Table 2). Sex and hospital teaching status
were not associated with mortality in the multivariate
analysis, and insurance status did not change the
associations between covariates and mortality; therefore,
all were excluded from the final model. This model was
also used to measure the association between mortality
and traditional ZIP code-based surrogates of access-to-
care in order to characterize the relative strengths of
these variables to predict mortality compared with MUA
residence. The adjusted odds of dying with sepsis were
slightly higher (OR, 1.05; 95% CI, 1.01-1.10) with every
10% increase in the proportion of the population with a
high school education or less. No other associations were
identified between ZIP code-based covariates and severe
sepsis mortality.

Severity of Illness Is Not Influenced by MUA
Residence

The proportion of patients in each quartile of the sepsis
mortality probability score was compared between the
non-MUA and MUA cohorts. The highest individual
mortality probability in the data set was 80%; therefore,
the quartiles were defined as quartile 1 (0%-20%),
ere Sepsis Who Reside in Nonmedically Underserved

erserved
3)

Medically Underserved
(n ¼ 12,532) P Value

(69) 65.8 � 17.2 (68) < .0001

.3) 5,895 (51.2) .6665

.5) 5,222 (41.7) < .0001

< .0001

.9) 8,247 (65.8)

) 1,529 (12.2)

.3) 1,935 (15.4)

) 821 (6.5)

1 2.2 � 2.2 .3452

.7 17.6 � 12.4 .1802

.6) 2,257 (18.0) .3482

[ 1 5 0 # 4 CHES T OC TO B E R 2 0 1 6 ]



Overall incidence for medically underserved and
nonmedically underserved, 8.6 vs 6.8, P < .01
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Figure 3 – Severe sepsis incidence and mortality rates by place of residence. A, Incidence rates of admissions with severe sepsis are significantly higher
among patients who reside in medically underserved areas (P < .01), with the highest rate ratios in the 20- to 40-year old age group. B, Severe sepsis in-
hospital mortality rates are similarly higher in patients who reside in medically underserved areas (P < .01), with peak rate ratios in the 40- to 65-year
old age group.
quartile 2 (21%-40%), quartile 3 (41%-60%), and
quartile 4 (61%-80%) probability of mortality. There
were no statistical differences in the proportion of
patients in each quartile between the non-MUA and
MUA cohorts (P ¼ .11) (Fig 4).
Discussion
Residence in an MUA is associated with higher
incidence rates of severe sepsis and higher odds of
sepsis-related mortality. Although admissions with
TABLE 2 ] Adjusted Odds of In-Hospital Mortality

Variables Model In

Patient covariates

Probability of mortality
(increasing quartile)

2.76 (2

Black race (Referent ¼ white) 1.13 (1

Age (5-y increase) 1.12 (1

Hospital covariates

Rural location (referent ¼ urban) 0.80 (0

Access-to-care covariates

Residence in MUA 1.12 (1

Proportion of population with HS or less
education (10% increase)

N

Median income ($1,000 increase) N

Proportion of the population below
the poverty level (10% increase)

N

Values are OR (95% CI). HS ¼ high school; MUA ¼ medically underserved are

journal.publications.chestnet.org
severe sepsis predominantly occur in older adults,
younger adults (< 40 years of age) residing in MUAs
incur the greatest proportionate increase in these
admissions compared with age-matched non-MUA
residents, whereas middle-aged adults (40-65 years of age)
experience the greatest proportionate increase in
mortality. The observed association between MUA
residence and in-hospital mortality persists after
adjustment for race and hospital location, suggesting
that the link between place of residence and mortality is
not exclusively a function of previously described racial
cluding MUA
Model Including

ZIP Code-Based Covariates

.63-2.89) 2.72 (2.59-2.85)

.05-1.22) 1.13 (1.05-1.23)

.11-1.14) 1.13 (1.11-1.14)

.74-0.87) 0.83 (0.76-0.91)

.04-1.20) N/A

/A 1.05 (1.01-1.10)

/A 1.00 (1.00 -1.01)

/A 0.99 (0.92-1.07)

a; N/A ¼ not applicable.
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Figure 4 – Severity of illness did not differ by place of residence. There
was no significant difference between the proportion of patients within
each risk quartile by place of residence (P ¼ .10). Quartiles represented
by the mortality probabilities (0%-20% ¼ lowest risk quartile) as
determined by the sepsis mortality prediction tool. MUA ¼ medically
underserved area.
disparity4,5 or of care received at smaller, low-volume
rural hospitals.14,15 Interestingly, this association exists
despite similar Charlson comorbidity index scores and
severity of illness levels between patients who do and do
not reside in MUAs. Finally, historical ZIP code-based
methods of adjustment for access-to-care demonstrated
minimal to no association with sepsis outcomes in this
cohort.

Considerable efforts have been made to optimize
inpatient care for sepsis because best practices improve
mortality.16-18 However, these data suggest that sepsis
outcomes are, in part, determined before a patient
presents to a hospital. The MUA designation is
determined by a composite score of a population’s age,
economic status, and access to basic medical services.
Multivariate logistic regression demonstrated that MUA
residence increases the odds of severe sepsis mortality
despite adjustment for age, median income, and
proportion of the population below the poverty level.
This suggests that access to basic medical services may
be the key modifiable determinant of an MUA that is
associated with severe sepsis outcomes. Because existing
shortages of PCPs are projected to worsen,19 the MUA-
related disparities in sepsis rates and outcomes observed
here are unlikely to improve in the near future unless
alternative care strategies, such as telemedicine, can be
successfully leveraged.

Although these data do not establish a causal
relationship, there are a number of possible mechanisms
by which living in an MUA could plausibly impact
severe sepsis incidence and outcomes. First, limited
access to PCPs could critically delay the initial
834 Original Research
evaluation and treatment of infections that occur in the
ambulatory setting. As such, some infections which
could otherwise have been treated effectively in this
setting could instead progress to cases of severe sepsis
requiring hospital admission. Further, a shortage of
PCPs may lead to inadequate management of chronic
comorbidities, which could also impact both
susceptibility to and outcomes of severe sepsis. Although
the Charlson comorbidity index scores did not differ
between the MUA and non-MUA cohorts in this study,
this tool only measures the number of comorbidities a
patient may have while not accounting for whether these
comorbidities are adequately managed. Because the links
between chronic comorbidities and sepsis incidence and
complications are well established,3 poor comorbidity
management may contribute to the MUA disparities
identified here. Finally, the possibility of unidentified
confounding factors cannot be ruled out. Medically
underserved populations exhibit higher rates of risky
behavior, such as smoking and alcohol abuse, than the
general population,20,21 and these behaviors have been
linked to the risk of developing sepsis and complications
from it.22-25 Smoking and alcohol use, however, are
commonly under-recognized in critically ill patients and
underestimated in administrative databases26,27;
therefore, they could not be adequately adjusted for in
this study. Future, prospective analyses of these potential
mechanisms are warranted to better understand the
risks of the medically underserved population.

Socioeconomic status and access-to-care are known to
influence the outcomes of a wide variety of diseases.28

Historically, administrative database research has
offered limited ability to adjust for these confounders
because patient-level educational, financial, and access-
to-care data are not included in most data sets.
Investigators have accordingly used ZIP code-based
surrogate measures of education and income. However,
the ability of these variables to accurately adjust for
socioeconomic status and access to care is unknown.
The data presented here demonstrate that these
traditional ZIP code-based measurements have little to
no association with severe sepsis mortality. On the
contrary, residence in an MUA was significantly
associated with increased adjusted odds of death.
Therefore, MUA residence may be a more sensitive
adjustment tool, and its validity for research in other
diseases should be explored.

This study has limitations. Residual confounding may
exist in the regression model even after risk adjustment
with the sepsis mortality prediction tool. Although this
[ 1 5 0 # 4 CHES T OC TO B E R 2 0 1 6 ]



tool offers excellent discrimination and validity,13 it is
limited by the absence of clinical data. This limitation
likely explains the observation that care in rural
hospitals was associated with reduced odds of mortality
despite evidence that small-volume hospitals are
associated with higher severe sepsis mortality rates.14,15

An additional limitation of this study is the cumbersome
approach required to assign MUA status to a particular
ZIP code. The DHHS Health Resources and Services
Administration29 currently allows users to search for
MUA status by street address, but it does not allow for
users to easily identify if an individual ZIP code contains
MUAs. Modifications in the DHHS query system could
journal.publications.chestnet.org
greatly enhance the applicability of MUA status as a tool
for future research.
Conclusions
Independent of race, residence in an MUA is a risk
factor for the development of severe sepsis and dying
from the disease. Poor access to care is a major
contributor to these risks; therefore, severe sepsis can be
viewed as an ACSC. Adjustment for MUA residence
may be more accurate than traditional ZIP code-based
methods of adjustment when working with
administrative data sets.
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