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Abstract
Objectives

Health insurance is associated with better outcomes in the admitted patient population, even after adjusting
for other factors such as race and socioeconomic status. However, the literature is limited on the
relationship between insurance status and hospital outcomes in patients hospitalized with the disease of
nervous system.

Methods

This cross-sectional study used the Nationwide Inpatient Sample (NIS) database to achieve the results. All
Major Diagnostic Category (MDC) codes from patients discharged for disease and disorders of nervous
system between the years 2005 to 2014 were queried and analyzed for the impact of lack of insurance on
patient outcome.

Results

Among 4,737,999 discharges, 5.6% had no insurance. The hospital mortality rate among uninsured and
insured patients was 4.1% and 3.7%, respectively (P<0.001). In the multivariate analysis, hospital mortality
of uninsured patients was higher in the elderly (aOR: 4.74[CI:4.52-4.97], P<0.001), those with comorbidities
(aOR: 2.23[CI:2.18-2.27], P<0.001), Asians (aOR: 1.16[CI:1.12-1.20]. P<0.001), in rural areas (aOR: 1.44]
95%CI:1.41-1.48], P<0.001) and those in the lowest household income quartile (aOR: 1.03[CI:1.01-1.05],
P<0.001). The average length of stay (LOS) was shorter for the uninsured (4.79%8.26 vs 4.96+7.55 days,

P<0.001).
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The findings suggest that lack of health insurance is correlated with hospital mortality in patients
hospitalized with disease and disorders of nervous system, with an increased disparity in vulnerable

Introduction

According to a 2019 Gallup poll, 25% of Americans delayed treatment for a serious condition due to costs,
compared to 12% of Americans in 2001. The trend persists across all income groups with the greatest
increase in the $40,000-$100,000 income range [1]. As legislators continue to discuss health insurance policy
changes, research is needed to quantify the health implications of insurance status further.

In the literature, studies utilizing a spectrum of methods ranging from observational to cohort to quasi-
experimental have suggested that health insurance has a positive effect on health outcomes [2]. A 1993
cohort study found that those without insurance were 1.25 times more likely to die after adjusting for other
factors [3]. A 2009 cohort study found that those without insurance were 1.4 times more likely to die [4]. This
finding was confirmed by a 2017 review of 18 internal medicine studies [5]. In fact, insurance status has a
stronger association with mortality than other significant factors such as race [6].
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However, the literature is limited on the relationship between insurance status and hospital outcomes in
patients hospitalized with disease and disorders of the nervous system. A 2015 study found that insurance
status is correlated with worse self-reported mental health in neurological patients [7]. This study aims to
find an association between the lack of insurance and hospital outcomes among patients with diseases and
disorders of the nervous system in the United States and investigate the factors associated with lack of
insurance.

Materials And Methods

This retrospective cross-sectional study utilized data from the National Inpatient Sample (NIS) database, a
component of the Healthcare Cost and Utilization Project (HCUP). NIS contains the inpatient stays
information annually and reflects discharges (i.e., the hospital stay) from the US community hospitals
including short-term, non-Federal, general and other specialty hospitals excluding hospital units of other
institutions, long-term care facilities such as rehabilitation, psychiatric, and alcoholism, and chemical
dependency hospitals. The NIS approximates a 20% stratified sample of the hospitals represented in the
HCUP database. These stratified data are weighted to generate nationally representative estimates.
Individual records in the HCUP databases represent discrete hospital discharges and not necessarily discrete
patients [8]. Using the NIS database, the researchers identified patients hospitalized for nervous system
diseases and disorders from 2005 to 2014 in the United States by using Major Diagnostic Category (MDC) [9].
Due to the change of ICD-9 to ICD-10 in the middle of 2015 and lack of continuity in some of the outcomes,
we decided no to include the year 2015 and after.

The MDCs as described by the Centers for Medicare and Medicaid Services (CMS) are formed by dividing all
possible principal diagnoses (from ICD-9-CM) into 25 organ system diagnosis areas. The principal Disease
and Disorders of the Nervous System (MDC-01), includes MS-DRGs from 020 to 103. The list of these MS-
DRGs is described elsewhere by CMS (see Appendix) [9]. The University of Texas Health at San Antonio
exempted this analysis from full review by the Institutional Review Board.

To provide a robust sample across multiple categories, the data were combined across years. Insurance
status, type of insurance, hospital mortality rate, and hospital length of stay (LOS) were compared across
sex, age, race, geographic region, type of hospital, zip code quartile representing socioeconomic status,
whether the hospital visit occurred on the weekend, and the following physician-evaluation variables: the
presence of any comorbidity, loss of function, and the likelihood of dying.

Unadjusted and adjusted associations of independent variables and risk factors of mortality were measured
using univariate and multivariable (multiple logistic regression) analysis. Variable of interest was the type of
insurances which was created based on patients’ first insurance payer into two main groups of insured and
uninsured. The HCUP categories Medicare, Medicaid, private (including HMO and other insurances),
considered as the insured group. On the other hand self-pay or no charge considered uninsured based on
HCUP definitions. A full model includes variables, sex, age, race, being admitted on a weekend, hospital
region, comorbidities, being admitted to a teaching hospital, likelihood of dying, loss of function, and zip
code quartile that could represent patients’ socioeconomic status. The types of insurances, outcomes, and
variables of interest are described in detail in the handbook of HCUP [8].

0Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using the multivariable logistic
regression. All P-values were two-sided, and statistical analysis was conducted assuming a two-sided 5%
level of significance.

We compared the hospital mortality rate of uninsured and insured patients and the hospital mortality rate
across different insurance types. The results were overlaid on other significant correlates of mortality rate to
illustrate that age, presence of comorbidity, loss of function, and the likelihood of dying were the most
significant correlates with hospital mortality rate aside from insurance status. A multivariate analysis was
run to adjust for the effects of age, presence of comorbidity, loss of function, and the likelihood of dying,
and t-tests were performed on the adjusted dataset. Statistical software SPSS version 19 was used (IBM SPSS
Statistics for Windows, Armonk, NY: IBM Corp).

Results

We analyzed 10 years (2005-2014) of data consisting of 4,737,999 total hospital discharges with a primary
diagnosis of diseases and disorders of the nervous system in the NIS for all payers combined in the United
States, the annual mean of 443,146 discharges. Among these discharges, 2,423,031 (51.3%) were covered by
Medicare 1,277,150 (27.1%) by private insurance, 597,656 (12.7%) by Medicaid, and 266,321 (5.69%) were
uninsured. Approximately, 3.21% of the cohort, included either other minor insurances or missing data.

The study cohort had 40.61% uninsured and 53.03% insured female (prevalence ratio (PR) 0.77, P<0.001),
and 59.39% uninsured and 46.97% insured male (PR 1.26, P<0.001).

The mean age of uninsured and insured patients was 44.5+16.1 and 60.1+23.2 years old (P<0.001),
respectively. The prevalence ratio between uninsured vs. insured patients regarding age ranged from 0.11 in
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patients aged >65 to 2.80 in 18-45 years old. In individuals under age 18, the prevalence of being uninsured
was less than being insured (PR 0.51, P<0.001).

Considering ethnicity, the highest prevalence ratio of uninsured vs. insured was in Hispanics (PR 1.96,

P<0.001), then in blacks (PR 1.6, P<0.001), and the lowest ratio was in whites (PR 0.73, P<0.001) (Table I).

Variables**

Sex

Age

Race

Median household income***

Disposition

Severity of illness (loss of function)

Risk of mortality (likelihood of
dying)

Female (n=2,469,443)

Male (n=2,249,772)

<18 (n=336,365)

18-45 (n=810,204)

46-65 (n=1,304,999)

265 (n=2,272,596)

White (n=2,813,680)

Black (n=607,398)

Hispanic (n=379,954)

Asian (n=89,493)

Native (n=23,966)

Other (n=123,173)

0-25!" (n=1,325,211)

26-501" (n=1,187,934)

51-75t" (n=1,108,999)

76-100'™" (n= 995,028)

Routine (n=2,718,161)

Short-term hospital (n=121,632)
Other transfers (n=1,172,602)

Home health care (n=481,539)
Against medical advice (n=53,728)
Died in hospital (n=174,513)
Discharged alive1.09 (n=3,771)
Minor loss of function (n=2,220,629)
Moderate loss of function (n=1,536,188)
Major loss of function (n=635,289)
Extreme loss of function (n=335,475)
Minor likelihood of dying (n=1,201,035)

Moderate likelihood of dying
(n=1,973,626)

Major likelihood of dying (n=1,226,328)
Extreme likelihood of dying (n=326,592)

Yes (n=174,513)
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Insurances* (%)

All
insured

53.03

46.97

7.32

15.57

26.46

50.64

70.79

14.55

8.92

2.22

0.59

2.94

28.13

25.63

24.19

22.06

56.35

2.59

25.80

10.55

0.96

3.67

0.08

45.78

33.36

13.77

7.07

24.88

41.79

26.38

6.93

3.67

Uninsured

40.61

59.39

3.74

43.54

47.09

5.63

51.63

23.21

17.48

217

0.70

4.81

38.51

27.46

21.12

12.92

77.06

2.29

8.35

4.21

4.05

4.00

0.04

66.78

17.80

7.84

7.55

34.13

40.85

18.53

6.45

4.01

Prevalence

ratio?
0.77
1.26
0.51
2.80
1.78
0.11
0.73
1.60
1.96

0.98

1.63
1.37
1.07
0.87
0.59
1.37
0.88
0.32
0.40
4.20
1.09
0.53
1.46
0.53
0.57
1.07

1.37

0.98

0.70
0.93

1.09

valuet

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

30f10



Cureus

Died in hospital <0.001
No (n=4,551,433) 96.33 95.99 1.00

TABLE 1: Demographics and comparison of selected characteristics by insurance types among
patients with nervous system diseases or disorders diagnosis in the United States during 2005-
2014.

*All insured: (MDR: Medicare; MDD: Medicaid; PRV: private). Uninsured: (SLF: self-pay; NCH: no charge).
**Excluded all missing values in some variables.

***Based on quartile classification of the estimated median household income of residents in the patient’s ZIP code.
tPrevalence of all uninsured patients vs. all insured patients in each variable's level.

tComparison between all insured and uninsured in each variable.

The prevalence of uninsured patients was significantly correlated to socioeconomic status (SES) measured
by zip code quartile. The lower the SES, the lower the prevalence of insured patients (0-25th quartile, PR
1.37, P<0.001; 26-50th quartile, PR 1.07, P<0.001; 51-75th quartile, PR 0.87, P<0.001; 76-100th quartile, PR
0.59, P<0.001) (Table 7).

Data on discharge disposition revealed that 4% of patients without insurance left the hospital against
medical advice, which was significantly higher than insured individuals (PR 4.2, P<0.001) (Table 1).

Length of stay (LOS) and hospital charges

The mean LOS for patients with nervous system diseases was significantly shorter for uninsured than for
insured patients (4.79 days vs. 4.96 days, P<0.001). The longest staying was related to Medicaid beneficiaries
(5.88+12.53 days) and the shortest LOS was within private insurances (4.45 days+6.61).

The mean charges per hospital did not differ significantly between uninsured and insured patients
($40,742£70,651 vs. $40,782+72,625, P=0.776).

Hospital mortality rate

During the study period, the overall mortality of the cohort was 3.69% with a higher hospital mortality rate
among uninsured patients (Figure 7). And this difference is statistically significant (PR 1.09 [4.01% vs.
3.67%], P<0.001).

6%
4.96%

5% |4.42%
4%

- 4.14% 4.01%
A ‘o

a9 2.73%

2.36%
2%

Hospital Mortality Rate

1%

0%
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Insurance Status / Payer Type

FIGURE 1: Hospital mortality rate by insurance status and payer type in
the United States, 2005-2014.

In the multivariate analysis, the older the age group was, the more difference was observed in mortality rate
between uninsured and insured patients (age more than 65 years old, aOR 4.74, [95%CI: 4.52-4.97], P<0.001)
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(Table 2).
Univariate Multivariate
All Odds P- Odds P-
Variables** ) . Uninsured*
insured ratiof  ggo,cy VAlle ratiot ggo,g  Vvalue
1.00- 1.03-
Female (n=2,469,443) 3.54 3.66 1.03 0.052 1.05 <0.001
1.06 1.06
Sex
1.08-
Male (n=2,249,772) 3.84 4.25 1.1 114 <0.001 Ref
1.72-
<18 (n=336,365) 0.82 1.66 2.02 237 <0.001 Ref
1.65- 1.94-
18-45 (n=810,204) 1.56 2.68 1.72 <0.001 2.04 <0.001
1.79 214
Age
1.54- 3.40-
46-65 (n=1,304,999) 2.86 4.52 1.58 <0.001 3.56 <0.001
1.63 3.74
2.10- 4.52-
265 (n=2,272,596) 5.17 11.42 2.21 <0.001 4.74 <0.001
2.32 4.97
i 1.05-
White (n=2,813,680) 3.79 410 1.08 e <0.001 Ref
1.12- 0.74-
Black (n=607,398) 2.99 3.53 1.18 <0.001 0.75 <0.001
1.24 0.77
. . 1.10- 0.92-
Hispanic (n=379,954) 3.11 3.60 1.16 <0.001 0.94 <0.001
1.23 0.96
Race
. 1.00- 1.12-
Asian (n=89,493) 5.39 6.11 1.13 0.029 1.16 <0.001
1.27 1.20
0.65- 0.82-
Native (n=23,966) 3.36 2.95 0.88 0.375 0.89 0.012
1.18 0.97
1.10- 0.99-
Other (n=123,173) 3.80 4.58 1.21 <0.001 1.02 0.109
1.33 1.06
0.98- 1.06-
Yes (n=1,041,554) 4.41 4.42 1.00 0.845 1.07 <0.001
1.02 1.09
Weekend
1.07-
No (n=3,686,892) 3.47 3.85 1.11 115 <0.001 Ref
0.91- 1.02-
Northeast (n=915,356) 3.65 3.51 0.96 <0.001 1.04 <0.001
1.02 1.06
Midwest (n=1,065,588) 3.36 3.63 1.08 1.03- <0.001 0.88 0.87- <0.001
T ’ ) ) 1.33 ’ ) 0.90 )
Hospital region
1.05- 0.98-
South (n=1,861,093) 3.71 4.02 1.08 111 <0.001 0.99 1.01 0.737
1.16-
West (n=886,755) 3.99 4.87 1.22 1.28 <0.001 Ref
1.07- 2.18-
Yes (n=3,871,191) 3.98 4.32 1.09 <0.001 2.23 <0.001
Ul 2.27
Having any comorbidity
1.33-
No (n=857,601) 2.24 3.11 1.39 1.45 <0.001 Ref
. 0.70-
Urban teaching (n=427,209) 3.82 2.76 0.72 0.74 <0.001 Ref
Hospital teachin Urban non-teaching 343 334 007 %% oass 102 M o002
# = (n=1,645,315) : . : 100 : 1.03 :
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1.09- 1.41-
Rural (n=2,631,259) 3.79 4.50 1.19 <0.001 1.44 <0.001
1.30 1.48
. 5.73-
No class specified (n=1,211) 1.46 18.29 12.53 27.42 <0.001 -
Minor loss of function (n= 0.25 0.19 0.76 0.68- <0.001 0.006 0.0057- <0.001
2,220,629) ’ ’ ) 0.85 ’ ’ 0.039 ’
Severity of iliness (loss  Moderate loss of function 1.68 1.71 1.02 0.95- 0611 0.038 0.038- <0.001
of function) (n=1,536,188) ’ : ’ 1.09 : ’ 0.039 ’
Major loss of function 5.63 714 1.97 1.20- <0.001 043 0.12- <0.001
(n=635,289) ’ ’ ’ 1.34 ’ ’ 0.13 ’
Extreme loss of function 1.23-
31.44 39.98 1.27 <0.001 Ref
(n=335,475) 1.31
. 5.73-
No class specified (n=1,211) 1.46 18.29 12.53 27.42 <0.001 1
Minor likelihood of dying 0.59 0.37 0.63 0.56- <0.001 0.74 0.72- <0.001
(n=1,201,035) ’ ’ ’ 0.70 ’ ’ 0.77 ’
Risk of mortality Moderate likelihood of dying 110 0.91 0.83 0.78- <0.001 0.90 0.87- <0.001
(likelihood of dying) (n=1,973,626) ’ ’ ’ 0.88 ’ ’ 0.93 ’
Major likelihood of dying 5.07 735 1.39 1.34- <0.001 1.1 1.07- <0.001
(n=1,226,328) ’ ’ ’ 1.44 ’ ’ 1.15 ’
Extreme likelihood of dying 24.15 33.18 1.37 1.33- <0.001 Ref
(n=326,592) ) ) ’ 1.42 ’
th 3.71 4.07 110 % 0001 108 M <0001
0-25"" (n=1,325,211) . 8 . 114 . . 1.06 .
1.01- 1.001-
26-50t" (n=1,187,934) 3.70 3.87 1.05 09 0.026 1.02 0 0.005
Median household 1. 1.04
neome™ th 3.56 3.76 106 " o012 097 %% o006
51-75"" (n=1,108,999) . . . 111 . E 0.99 .
1.12-
76-100t" (n=995,028) 3.69 4.34 1.18 P <0.001 Ref

TABLE 2: Hospital mortality rate by selected characteristics and insurance types among patients
with nervous system diseases or disorders diagnosis in the United States during 2005-2014.

*MDR: Medicare; MDD: Medicaid; PRV: private; SLF: self-pay; NCH: no charge.
**Excluded all missing values in some variables.

***Based on quartile classification of the estimated median household income of residents in the patient’s ZIP code.

t0dds of mortality of all uninsured patients vs. all insured patients in each variable's level.

Considering ethnicity, in multivariate analysis, Asians had higher mortality rate in uninsured patients
(aOR:1.16, [95%CI: 1.12-1.20], P<0.001), while in other ethnicities uninsured patients had lower mortality
(Black: aOR 0.75, [95%CI: 0.74 - 0.77], P<0.001; Hispanic: aOR 0.94, [95%CI: 0.92-0.96], P<0.001; Native
American: aOR 0.89, [95%CI: 0.82-0.97], P<0.001) (Table 2).

Uninsured patients had a higher mortality rate than insured ones in both patients with comorbidity and
without comorbidity and this difference was more in those with comorbidity (aOR 2.23, [95%CI: 2.18-2.27],
P< 0.001) (Table 2).

Patients with extreme loss of function (OR 1.27, [95%CI: 1.23-1.31], P< 0.001) had a larger difference in all-
cause mortality rate than patients with minor loss of function (OR 0.76, [95%CI: 0.68-0.85], P< 0.001). Those
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with major or extreme likelihood of dying (OR 1.37, [95%CI: 1.33-1.42], P< 0.001) had a larger difference in
all-cause mortality rate than those with minor likelihood of dying (OR 0.63, [95%CI: 0.56-0.70], P< 0.001)
(Table 2).

Discussion

The retrospective cross-sectional study of data consisting of 4,737,999 total hospital discharges was done to
compare hospital outcomes in overall 5.69% uninsured patients as compared to the insured patients
admitted with the primary diagnosis of disease and disorders of nervous system.

Although the lack of insurance is observed more in populations that are less vulnerable and have less
likelihood of dying at the time of admission, the rate of in-hospital mortality is higher in patients without
insurance. This finding is in accord with previous studies [4,5,10,11]. However, there is a lack of evidence for
the mortality rate in the population with nervous system diseases without health insurance. Our study
uniquely suggests that the hospital mortality rate among neurological patients is increased for uninsured
patients.

A national study shows that the in-hospital mortality rate was higher in stroke patients without insurance
than insured patients [12]. Shen et al. found that mortality risk in uninsured patients with intracerebellar
hemorrhage and acute stroke is higher 24% and 56%, respectively, than privately insured patients [13]. We
believe the lack of health insurance would increase the fear of the cost of care; therefore, uninsured patients
delay seeking medical care, and they may be sicker at the time of admission [3]. Also, financials may cloud
judgment to choose certain expensive diagnostic and therapeutic measures.

In the current study, based on multivariate analysis, this discrepancy is more prominent in the following
groups: the elderly 65+, Asians, patients with comorbidity, hospitals located in rural areas and Northeast
regions, and 0-25th median household income.

In terms of LOS in the hospital due to nervous system diseases and disorders, insured patients have a longer
LOS as compared to uninsured patients in our study. It is consistent with previous studies that showed LOS
is shorter in uninsured patients [14-16]. In our study, Medicaid beneficiaries have the longest stay among
insured patients which is 5.88+12.53 days. In another study, the mean of LOS was 5.87 days in Medicaid
patients, which was longer than uninsured patients and patients insured by Blue Cross Blue Shield [16]. The
shorter LOS in uninsured patients could be multifactorial. For example, the incidence of leaving the hospital
against medical advice is more common in the uninsured and this early leaving can lead to a shorter LOS in
this population. This reason is also backed up by our finding of a higher rate of disposition against medical
advice in the uninsured. Another potential explanation for shorter LOS in the uninsured population could be
that hospitals try to discharge the non-funded patients during a shorter period to lower their expenses.

Our study showed that although Hispanics and blacks are the most uninsured population, however, Asians
have the highest mortality in the cohort. The disparity in insurance status is noticeable in different
ethnicities, and the gap is especially high in the Hispanic and African American populations, which is
consistent with the literature. In other words, racial minorities are less likely to be covered by health
insurance [6,17,18] This can be due to the higher unemployment rate and lower access to private insurance
through employment and marriage in African Americans and Hispanics [18]. However, the less mortality in
Hispanics and blacks compared to the whites is not well understood. It can be due to genetic differences or
seeking medical attention regardless of lack of insurances.

In the current study, 59.39% of uninsured patients were male, and the absolute mortality percentage was
higher in males in both insured and uninsured, although the adjusted mortality was slightly higher in
females. This is consistent with a study done in 2018 that discovered the uninsured rate in men and women
in the US was 14% and 11%, respectively [19]. Although women are less likely to have employment-based
coverage, there is a greater likelihood of becoming qualified for Medicaid due to pregnancy or as parents of
young children [20]. The adjusted higher mortality rate in females also has been discussed in the literature
especially due to their underlying medical conditions, genetics, and a higher mortality rate in general [21-
23].

Our results showed that there is an association between the lower-income patients and a higher rate of lack
of insurance and moreover patients are more likely to die if they are uninsured. Low household income
proportionately affects insurance status, which strongly affects patients to self-discharge against medical
advice, which puts them in the most vulnerable conditions. In several studies, it has been shown that
insurance status is one of the predictors of self-discharge, which is highest among the uninsured, and
amongst the insured is more in Medicaid beneficiaries. Unfortunately, the lower-income population have
more difficulty in affording buying insurances and this is not limited only to the neurological patient
population and this topic has been a center of attention and debate for the governments and a hot topic
usually for each political party in the United States [24-26].

Our study showed although most of the elderly are insured, uninsured elderly had higher adjusted mortality.
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The higher mortality of uninsured elderly could be multifactorial. First, the elderly in general have a higher
rate of death due to more medical comorbidities. Second, the uninsured elderly do not have enough access to
healthcare and medications and by the time that they admit for the nervous system disease at the hospitals,
they are more likely chronically ill and suffer from uncontrolled medical conditions such as high blood
pressure and diabetes, and die with a higher likelihood [13,27]. Children under the age of 18 and the elderly
over the age of 65 have the lowest rate of being uninsured, which can be due to social programs such as CHIP
and Medicare for the above categories. Overall, the uninsured patients having nervous system diseases are
younger (44.49 years of age) vs. the insured (60.08 years of age); however, surprisingly there is no statistical
difference between insured and uninsured populations in terms of hospital charges. The equivalent billable
charges suggest that the number of procedures and amount of care provided were likely similar for
uninsured and insured patients. Accordingly, based on our study, the discrepancy in LOS is not necessarily
because of expenses but maybe due to age.

Conclusions

Overall, the findings suggest that 5.69% of disease and disorders of nervous system discharges are uninsured
and lack of health insurance is correlated with worse hospital outcomes in this population in the United
States. This may be due to cumulative effects of delaying healthcare services and low socioeconomic
condition which has an impact on the severity of outcomes in the nervous system disorders. Lack of health
insurance appears to have the greatest negative impact on the elderly, racial minorities, and those rated as
having the highest loss of function and likelihood of mortality. A follow-up cohort study could investigate
the directionality of a possible causal relationship.
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TABLE 3: Appendix contains a list of each All Patient-Refined Diagnosis-Related Groups (APR-
DRG) with a specification of the MDC-01 and whether the APR-DRG is medical or surgical. The
letter “M” is used to designate a medical APR-DRG and the letter “P” is used to designate a

surgical APR-DRG.
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