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Abstract

Objective—Patients with severe sepsis have high mortality that is improved by timely, often
expensive, treatments. Patients without insurance are more likely to delay seeking care; they may
also receive less intense care.

Design—We performed a retrospective analysis of administrative database—Healthcare Costs
and Utilization Project’s Nationwide Inpatient Sample—to test whether mortality is more likely
among uninsured patients hospitalized for severe sepsis.

Patients—None.

Interventions—We used /nternational Classification of Diseases—9th Revision, Clinical
Modification, codes indicating sepsis and organ system failure to identify hospitalizations for
severe sepsis among patients aged 18—64 between 2000 and 2008. We excluded patients with end-
stage renal disease or solid organ transplants because very few are uninsured. We performed
multivariate logistic regression modeling to examine the association of insurance status and in-
hospital mortality, adjusted for patient and hospital characteristics. We performed subgroup
analysis to examine whether the impact of insurance status varied by geographical region; by
patient age, sex, or race; or by hospital characteristics such as teaching status, size, or ownership.
We used similar methods to examine the impact of insurance status on the use of certain
procedures, length of stay, and discharge destination.
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Measurements and Main Results—There were 1,600,269 discharges with severe sepsis from
2000 through 2008 in the age group 18-64 years. Uninsured people, who accounted for 7.5% of
admissions with severe sepsis, had higher adjusted odds of mortality (odds ratio, 1.43; 95% ClI,
1.37-1.47) than privately insured people. The higher mortality in uninsured was present in all
subgroups and was similar in each year from 2000 to 2008. After adjustment, uninsured
individuals had a slightly shorter length of stay than insured people and were less likely to receive
five of the six interventions we examined. They were also less likely to be discharged to skilled
nursing facilities or with home healthcare after discharge.

Conclusions—Uninsured are more likely to die following admission for severe sepsis than
patients with insurance, even after adjusting for potential confounders. This was not due to a
hospital effect or demographic or clinical factors available in our administrative database. Further
research should examine the mechanisms that lead to this association.
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Many Americans lack health insurance. In 2008, the U.S. Census Bureau estimated that 44.7
million people (14.9% of the U.S. population) were without health insurance for at least part
of the year (1). Although the Affordable Care Act will decrease the number of uninsured
Americans, the Congressional Budget Office estimates that 20 million residents, including
14 million U.S. citizens, will remain without insurance when it is fully implemented in
2016. Previous work has demonstrated that a lack of health insurance impedes access to
healthcare services and adversely affects outcomes in acute medical conditions (2-7).

Severe sepsis is a frequent and potentially lethal disease that requires early and aggressive
management. The annual number of hospitalizations for severe sepsis rose steadily through
the first years of the 21st century, reaching 343 per 100,000 population in 2007 (8).
Furthermore, despite improvements in case fatality rates, over 27% of patients admitted with
sepsis die during their hospital stay. Other investigators have found that uninsured
individuals have worse outcomes of trauma, cancer, and acute coronary syndrome than their
insured counterparts (2-4, 9). It is unclear whether this is because uninsured individuals are
disproportionately treated in hospitals that have worse outcomes, because they have worse
outcomes compared with insured patients treated in the same hospital, or both. A recent
study found that uninsured adults admitted to the ICUs in Pennsylvania during 2005 and
2006 received fewer procedures and had higher 30-day mortality than clinically similar
insured patients. This study did not address patients with severe sepsis in particular (10).

Given the increasing frequency of severe sepsis and the expanding number of evidence-
based treatment options, many of which are expensive, it is important to determine how and
to what degree insurance status affects the treatment and outcomes of patients admitted with
this life-threatening condition. We therefore carried out the present investigation to describe
the relationship of insurance status to treatment, inhospital mortality, and discharge
destination of patients with severe sepsis. We used a large nationally representative
administrative database to enhance the robustness of our results and determine whether
insurance effects varied by hospital or patient characteristics.
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We used the Nationwide Inpatient Sample (NIS), the largest all-payer inpatient care
database, publicly available in the United States. This administrative dataset was created by
the Agency for Healthcare Research and Quality as part of the Healthcare Cost and
Utilization Project and contains data on 5-8 million hospital stays from about 1,000
hospitals sampled to approximate a 20% stratified sample of U.S. community hospitals but
excludes federal hospitals. Each hospitalization is treated as an individual entry in the
database and includes /nternational Classification of Diseases—9th Clinical Modification
(ICD-9-CM), codes for the principal diagnosis and up to 14 secondary diagnoses and 15
procedures associated with that stay. NIS includes information on all hospitalizations at
participating hospitals, regardless of payer, including private insurance and the uninsured.
NIS includes appropriate weights to allow the production of national estimates (11). We
used data from the years 2000 to 2008 for this study. Because we used a publicly available
dataset with no patient identifiers, this study was examined and found exempt from formal
review by the Institutional Review Board of the Medical College of Wisconsin.

Study Population

Definition of

We used ICD-9-CM codes to identify patients 18 to 64 years old who were discharged with
severe sepsis between 2000 and 2008. Based on a previously used and validated approach,
we defined severe sepsis as either an ICD-9-CM code 995.92 (systemic inflammatory
response syndrome due to infectious process with organ failure) or an ICD-9-CM code for
septicemia, bacteremia, or fungemia and at least one organ failure code (12, 13). We provide
specific codes in Appendices 1 and 2 (Supplemental Digital Content 1, http://
links.lww.com/CCM/A756). We excluded patients aged 65 and over from the study because
Medicare was the primary payer in about 90% of them. Similarly, patients with end-stage
renal disease and organ transplants were excluded because they have a worse prognosis with
severe sepsis (14, 15) and are almost entirely covered by Medicare; very few (< 1%) are
uninsured. We also excluded admissions that lacked data regarding gender, age, or primary

payer.

Variables

We used NIS variables to identify primary payer and patient age, gender, and race and
median household income for the patient’s zip code of residence. NIS provides expected
primary payer in six categories: 1) Medicare, 2) Medicaid, 3) private including Health
Maintenance Organization, 4) self pay, 5) no charge, and 6) others. We combined the latter
two groups as “others” and refer to self pay as “uninsured.” We divided age into five groups
—18-24, 25-34, 35-44, 45-54, and 55-64—»but also considered finer categories and
treatment of age as a continuous variable. These did not change our results so we present
only these categories. NIS provides six race categories: 1) white, 2) black, 3) Hispanic, 4)
Asian or Pacific Islander, 5) Native American, and 6) others. Information about race is
omitted from 20% to 25% of records in any particular year. We categorized patients without
race information as “unknown” race. NIS provides information on the median household
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income for the patient’s zip code. We treated this as a four-level categorical variable across
all years.

We identified comorbid conditions based on discharge diagnosis and procedure codes using
the method of Charlson-Deyo (16). We entered each of the 17 conditions identified by this
method as independent variables in our regression model since the Charlson-Deyo index that
summarizes the impact of these comorbidities on mortality was not derived in sepsis
patients. In analyses not presented in this article, we confirmed that the index did not predict
mortality as well as the individual factors, but we use it as a summary of comorbidity. We
also identified risk factors not identified by the Charlson-Deyo method if prior literature
indicated that they were associated with sepsis mortality (Appendix 3, Supplemental Digital
Content 1, http://links.lww.com/CCM/A756). We categorized admission source as
emergency department, transfer from another hospital, transfer from another healthcare
facility (e.g., nursing home), or others.

We used the three hospital ownership categories provided by NIS: 1) government—
nonfederal, 2) private—nonprofit, and 3) private—investor-owned. We also used NIS
classifications for a hospital’s geographic region (Northeast, Midwest, South, and West),
teaching status, and size.

Our primary outcome of interest was in-hospital mortality, which is recorded as such in the
NIS database. Secondary outcomes included receipt of treatments thought to reflect intensity
of treatment of severe sepsis, length of stay (LOS), and discharge disposition. We used
ICD-9-CM codes to identify patients who underwent mechanical ventilation, received blood
transfusions, had placement of central venous catheters, had placement of pulmonary artery
flotation catheters, had tracheostomy, had total parenteral nutrition, or had new dialysis
(Appendix 3, Supplemental Digital Content 1, http://links.lww.com/CCM/A756). We
grouped discharge disposition as routine, transfers to other acute care hospitals, and transfers
to other healthcare facilities (e.g., skilled nursing facilities, intermediate care, inpatient
rehabilitation, psychiatric hospitals, or inpatient hospice), home healthcare, and others
(including against medical advice, unknown, and missing).

Statistical Analysis

We performed all statistical analyses using STATA IC 11.0 (StataCorp, College Station, TX).
We used the strata and weights with appropriate survey commands to generate national
estimates. For our descriptive analyses, we used analysis of variance to determine overall
significance of differences among the insurance categories. We then made pairwise
comparisons using Student ¢test for continuous variables and Pearson’s chi-square test for
categorical variables. Statistical significance was defined as a p value of less than 0.05.

We constructed several multivariable models to assess the association of insurance status
with in-hospital mortality. We used single predictor logistic regression to identify significant
associations between putative risk factors and mortality. Variables found significant at p
value less than 0.10 were candidates for inclusion in our primary model. We checked
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variables used in the final model for multicollinearity using tolerance and variance inflation
factor; these were always very close to unity, suggesting minimal collinearity.

We then used a propensity score approach to further adjust for differences in which patients
are uninsured. We used a logistic regression model to calculate the likelihood that a person
would be uninsured. This model included factors that might affect the likelihood of being
uninsured, regardless of their individual statistical significance. Thus, we included study
year, hospital location (urban vs rural), patient age, gender, race, and median household
income of the patient’s zip code of residence. We multiplied the propensity score by 100 and
used the integral value of this as a measure of propensity to be uninsured. This variable was
then added to the previously developed model. Our results were similar if we used
propensity score quintiles.

To determine whether the observed differences in mortality risk reflected a hospital effect—
that is, patients without insurance being more likely to be treated in hospitals with higher
risk-adjusted mortality—we added a random effect for each individual hospital (NIS
variable name—HOSPID)to the previous final model. Strata were included as a fixed effect,
and survey weights were not used for this analysis as the appropriate methods of
incorporation of survey weights into random effects models is controversial, and the weights
in NIS have small variability, so inference with NIS data is not sensitive to their omission.

To ascertain whether these mortality differences are seen in subgroups defined by patient
and hospital characteristics, we performed separate multivariable logistic regression in
various subgroups. We generated a forest plot in Microsoft Excel of association of mortality
with lacking insurance versus having private insurance. We used asymptotic Ztests to
determine if the effect of lacking insurance on mortality was similar in each subgroup.

We used similar approaches for our secondary endpoints. We used logistic regression to
determine the independent association of insurance status with receipt of each of the
procedures we considered to represent more intensive treatment of severe sepsis. Similarly,
we used linear regression to compare LOS between hospital survivors with and without
insurance. As LOS is not normally distributed, we used natural log of LOS as the dependent
variable. We used multinomial logistic regression to examine the association between
insurance status and discharge disposition to 1) other nonhospital healthcare facilities (most
commonly skilled nursing facilities) or 2) home with home healthcare versus other
destinations.

From 2000 through 2008, after excluding patients with end-stage renal disease or prior solid
organ transplants, there were 1,600,269 hospital discharges in the United States of patients
18 to 64 years old with severe sepsis. Of these, 7.5% were uninsured and 37.9% had private
insurance; Medicaid was the primary payer for 24.5% and Medicare in 24.7% (Table 1).
Uninsured patients were younger, more likely to be admitted in the South, and more likely to
be male and nonwhite than insured patients. Their home zip codes also had lower mean
annual income than those of insured individuals.
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Table 1 demonstrates demographic characteristics of patients classified by insurance status.

Clinical Characteristics

Outcomes

Uninsured patients were more likely to be admitted through the emergency department than
were privately insured patients. On average, they had more organs fail during their hospital
stay, a surrogate for sepsis severity. However, uninsured patients had fewer comorbid
conditions as measured by Charlson-Deyo’s comorbidity index (Table 2). Patients without
insurance were less likely to have diabetes, congestive heart failure, chronic lung disease,
and cancer but more likely to have cirrhosis or HIV infection.

Mortality—In bivariable analysis, uninsured patients had higher mortality (30.0%) than
privately insured patients (25.3%) or those with Medicaid (26.9%) (Table 3). The odds of
death for uninsured patients remained higher than those of patients covered by private
insurance or Medicaid after adjusting for age, gender, race, zip code income, admission
source, organ system failures, comorbidity burden, hospital characteristics, and year of
admission (Table 4, Model B).

The effect of insurance status on mortality was essentially unchanged when we included the
predicted likelihood a person would be uninsured (Table 4, Model D). Similarly, the odds
ratio (OR) did not change when we added variables for whether or not procedures were used
(Table 4, Model E), suggesting that differential use of these procedures does not account for
increase in mortality. Similarly, the addition of random effects terms to account for hospital
effect did not reduce the odds of mortality for the uninsured relative to privately insured
patients (Table 4, Model E). This suggests that the higher mortality risk among uninsured
patients is not due to treatment in hospitals with higher mortality rates. We present the
independent effect of each variable in our final model in Appendix 4 (Supplemental Digital
Content 1, http:/links.lww.com/CCM/A756).

The odds of mortality were higher in uninsured individuals in all subgroups we examined
(Fig. 1). Although the mortality rate for severe sepsis declined significantly over the years,
the differences in mortality between uninsured patients and those with private insurance
remained virtually unchanged between 2000 and 2008 (Appendices 4 and 5, Supplemental
Digital Content 1, http://links.lww.com/CCM/A756). Similarly, the risk of mortality in the
uninsured cohort was significantly higher than for patients with private insurance in each
subgroup we examined. However, magnitude of the difference in mortality risk was greater
in both private investor owned (OR, 1.46; 95% ClI, 1.39-1.52) and private not for profit (OR,
1.48; 95% Cl, 1.35-1.62) hospitals than in government nonfederal hospitals (OR, 1.27; 95%
Cl, 1.17-1.38) (o for both interactions < 0.05).

Processes of Care

Both in bivariable analysis (Table 3) and after adjusting for potential confounders, uninsured
patients were more likely to receive invasive mechanical ventilation in comparison to other
insurance categories. Conversely, they were less likely to undergo the other procedures we
examined—central venous catheter placement, pulmonary artery catheter placement, total
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parenteral nutrition, tracheostomy, blood transfusions, and new dialysis (Table 3, Appendix
6, Supplemental Digital Content 1, http://links.lww.com/CCM/A756). LOS was slightly
shorter in uninsured patients (Table 3, Appendix 7, Supplemental Digital Content 1, http://
links.lww.com/CCM/A756).

Discharge Destination

Uninsured patients were less likely than other patients to be discharged to a nonhospital
healthcare facility (17% vs 27%, p < 0.001) or to be discharged home with home healthcare
(10.3% vs 21%, p < 0.001) when compared with privately insured patients. After adjusting
for potential confounders, odds for being discharged to a nonhospital healthcare facility
were 2.06 times higher in privately insured (Appendix 7, Supplemental Digital Content 1,
http://links.lww.com/CCM/AT756). The adjusted odds of being discharged with home
healthcare were 2.64 times higher for privately insured patients (Appendix 7, Supplemental
Digital Content 1, http://links.lww.com/CCM/A756).

DISCUSSION

We have shown that the association of insurance status with mortality reported for other
medical conditions is also seen with severe sepsis. In particular, we report a 45% increased
risk of death during admission for severe sepsis for uninsured patients relative to privately
insured patients, adjusting for demographic, clinical, and hospital factors. Our analysis
suggests that the increased mortality is not because uninsured patients use different
hospitals. Rather, our data suggest that the elevated mortality risk reflects different outcomes
among uninsured and privately insured patients within hospitals. We found this association
in all patient and hospital subgroups that we examined; furthermore, it has been present from
2000 through 2008, a period when overall severe sepsis mortality has dropped significantly.

Our results are consistent with prior studies of the relationship of insurance to outcomes of
critical illnesses (17-19). Lyon et al (10), for example, found an association between lack on
insurance and increased 30-day mortality among patients admitted to ICUs throughout
Pennsylvania. We arrived at similar conclusions although our estimates of the impact of
insurance status on mortality risk are larger. This may reflect differences in the population
studied; we restricted our attention to the diagnosis of severe sepsis (the leading cause of
admission to noncoronary ICUs in the United States), whereas Lyon et al (10) included all
patients admitted to the ICU. Furthermore, we used a larger, nationally representative
sample and were able to confirm that these effects persisted over 9 years in a range of
hospital and patient subgroups.

Our analysis does not provide a ready explanation for the mortality difference. It is possible
that uninsured patients were sicker than their insured counterparts in ways that we could not
measure. In addition to foregoing or reducing use of preventive and primary care services
(20-22), uninsured patients are more likely to delay or forgo necessary care for potentially
serious conditions (23, 24) all of which may contribute to worse outcomes when they are
admitted (24). Studies of acute coronary syndromes, for example, suggest that uninsured
patients present later and have greater severity of illness that contributes to their increased
risk of death (2—4, 25). This would be especially important in severe sepsis where early and
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aggressive treatment appears to prevent mortality and morbidity (26). As with any
observational dataset, we cannot exclude residual confounding from such unmeasured
severity factors. This risk is heightened because we lack physiologic data; for example, our
administrative data do not allow us to distinguish degrees of acute kidney injury or identify
vital sign abnormalities, both of which are associated with sepsis outcomes.

We also considered the impact of hospital. Haider et al (4) have shown that outcomes are
worse for trauma patients admitted to hospitals with a poor payer mix. As uninsured patients
are more likely to be hospitalized at such hospitals, this could contribute to their higher
mortality. However, when we removed the hospital effect by entering hospital as a random
effect in our model, differences in mortality were unchanged.

Differences in practices at the end of life could also contribute to higher in-hospital
mortality.

We observed that uninsured patients were less likely to be discharged to nonacute healthcare
facilities or discharged home with home healthcare than patients with private or Medicaid
insurance. Although we do not know why this occurred, it is possible that difficulty
transferring the sickest chronically ill uninsured patients to lower acuity settings would
allow more deaths of these patients to occur in the hospital. Our data do not include
information on deaths after discharge. Similarly, it is possible that physicians were more
likely to withdraw life support from terminally ill patients who were uninsured, as seen in a
prior study (27); this would allow deaths to be recognized as in-hospital, rather than
occurring after discharge. Our finding that mortality differences were lowest in government-
funded hospitals could reflect less sensitivity to cost pressures favoring withdrawal of life
support.

As most procedures we studied were performed less frequently in the uninsured, it is
possible that less intense care contributed to the higher mortality. Although controlling for
these specific procedures did not explain the difference in mortality, other services that do
affect mortality may also be used less routinely in those without insurance. Uninsured
patients have also been less likely to undergo invasive procedures in previous studies in
critical care settings (28). Although prior work does suggest that physician decision making
is influenced by insurance status (29, 30), nonclinical factors such as distrust of the health
system, poor understanding of disease processes and therapies, and poor support systems
may combine with financial disincentives to discourage patients’ acceptance of such
procedures (27). Furthermore, similar procedures may be performed for different reasons—
mechanical ventilation for airway protection may have different severity implications than
the same procedure done for respiratory failure. We cannot distinguish such indications with
our administrative data.

Although we used a nationally representative, well-characterized database, our study has
several important limitations. First, there is no agreed upon definition of sepsis or severe
sepsis in studies of administrative data; if we had used a different definition, we might have
had different results. Related to this, coding practices may differ depending on the patient’s
insurance. The financial incentive for complete capture of procedure and comorbidity status
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is less if one will not be paid in either case. However, there is ongoing pressure for hospitals
to document the amount of uncompensated care that they provide, which would mitigate a
tendency to undercode discharges of uninsured patients. Our results regarding discharge
destination should also be viewed with caution because we did not have data regarding
where the patient was living prior to admission. If uninsured patients were more often
homeless, for example, their lower rates of discharge with home care would be expected.
Finally, since NIS cannot distinguish multiple hospitalizations of the same patient, our
observations are not truly independent; thus, we underestimate the true width of the Cls
around our risk estimates.

Despite these limitations, our study represents another clinical scenario where lack of
insurance is associated with increased mortality risk. Future research is needed to clarify the
mechanisms that lead to this reduced survival, which would allow clinical researchers to
develop and test appropriate interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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Comparison of uninsured versus private insurance in various subgroups. The graph shows

odds ratio of mortality in severe sepsis adjusting for the other variables in Table 3.
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TABLE 4

Relationship Between Insurance Status and Mortality Using Different Models?

Private Medicare Medicaid OthersP

0.79 (0.76-0.81)  0.78 (0.75-0.80)  0.86 (0.83-0.89)  0.80 (0.77-0.84)
0.74(0.72-0.77)  0.70 (0.68-0.73) ~ 0.84 (0.82-0.87)  0.77 (0.73-0.80)

Unadjusted odds ratio

Adjusted for age, gender, and race (model A)

Adjusted for model A + zip income + hospital characteristics + 0.66 (0.64-0.69) 0.80(0.77-0.84) 0.80 (0.77-0.83) 0.73 (0.69-0.78)
number of organ dysfunction + individual comorbidities (model
B)

Adjusted for model C + propensity score (model C) 0.66 (0.64-0.69) 0.80(0.77-0.83) 0.80 (0.77-0.83)  0.74 (0.70-0.78)

Adjusted for model D + procedures (model D) 0.69 (0.66-0.72)  0.84 (0.80-0.87) 0.82 (0.71-0.79) 0.75 (0.71-0.79)

Adjusted for model E with random effect of admission to any 0.69 (0.67-0.72)  0.82(0.79-0.85) 0.81 (0.78-0.85) 0.76 (0.72-0.80)
hospital (model E)

a . . .
All comparisons are with uninsured.

b .. .
Patients with “no charge” or “others.”

The results are shown as odds ratio (95% ClI).
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