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Abstract

Objectives: To understand trends in health care use among people living with HIV/AIDS (PLWHA), this study compared
trends in hospitalization rates, comorbidities, and hospital death rates of hospitalized PLWHA with the overall hospitalized
population in lllinois during 2008-2014.

Methods: This study identified principal hospitalizations (the principal discharge diagnosis coded with an HIV-related billing
code) and secondary HIV hospitalizations (a non-principal discharge diagnosis coded with an HIV-related billing code) from
2008-2014 lllinois hospital discharge data. Hospitalization rates among PLWHA were calculated using prevalence data from the
lllinois Electronic HIV/AIDS Registry; US Census population estimates were used to calculate overall lllinois hospitalization
rates. Joinpoint regression analysis was used to assess trends overall and among demographic subgroups. Comorbidities and
discharge status for all hospitalizations were identified.

Results: In 2014, the hospitalization rate was 2.2 times higher among PLWHA than among the overall lllinois hospitalized
population. From 2008 to 2014, principal HIV hospitalization rates per 1000 PLWHA decreased by 48% (from 71 to 37) and
secondary HIV hospitalization rates declined by 26% (from 296 to 218). The decline in the principal HIV hospitalization rate
was steepest from 2008 to 201 | (annual percentage change = —16.0%; P = .003). Mood disorders, substance-related diagnoses,
and schizophrenia accounted for 18% to 22% of principal hospitalizations among PLWHA compared with 7% to 8% of overall
lllinois hospitalizations. Hepatitis as a comorbidity was more common among hospitalized PLWHA (18%-22%) than among the
overall lllinois hospitalized population (1.4%-1.5%). Hospitalized PLWHA were 3 times more likely than the overall lllinois
hospitalized population to die while hospitalized.

Conclusions: HIV hospitalizations are largely preventable with appropriate treatment and adherence. Additional efforts to
improve retention in HIV care that address comorbidities of PLWHA are needed.
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In the United States and Illinois, the past 2 decades have
resulted in substantial progress in addressing the HIV epi-
demic. The number of people newly diagnosed with HIV in
the United States has decreased, and people diagnosed with
HIV who are on treatment are living longer compared with 2
decades ago, with a lower proportion of those with HIV
infection progressing to AIDS." In Illinois, from 2008 to
2014, the annual HIV incidence rate decreased from 15 to
13 new HIV diagnoses per 100000 population, whereas the
prevalence rate increased from 231 to 287 people living with
HIV/AIDS (PLWHA) per 100000 population.?

Despite this progress, untreated PLWHA continue to have
opportunistic infections and other consequences of living
with uncontrolled disease.”> For PLWHA who are on

treatment, long-term antiretroviral therapy can lead to side
effects such as lipodystrophy and long-term drug toxicity,
and markers of inflammation associated with HIV infection
can remain elevated and are associated with increased mor-
bidity.? For the more than one-third of PLWHA in the United
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States aged >50, control of aging-associated illnesses such as
cardiovascular disease and diabetes may be complicated by
HIV treatment.*

Various morbidity measures are used to monitor the
health of PLWHA, including biomedical measures (eg,
CD4 counts and viral loads), outpatient care use (eg, physi-
cian and emergency department visits), and inpatient hospi-
talization data. Inpatient hospitalization data capture
information on the more severe spectrum of illness of
PLWHA. Several changes took place during 2008-2014 that
may have affected hospitalization rates among PLWHA in
Illinois, including passage of the Patient Protection and
Affordable Care Act in 2010,> which increased the propor-
tion of people with health care insurance in Illinois®; national
guidelines that recommended initiation of HIV treatment
regardless of disease stage’; efforts to expand access to HIV
care®; and increased HIV testing initiatives.’ This study
examined trends in hospitalization rates among PLWHA and
the overall Illinois hospitalized population from 2008
through 2014.

Methods

This study used hospital discharge data reported to the Illi-
nois Department of Public Health during 2008-2014 (11.2
million hospitalizations) to analyze hospitalizations among
both PLWHA and the overall Illinois hospitalized popula-
tion. Data are reported to the Illinois Department of Public
Health from all acute-care hospitals, specialty hospitals, and
ambulatory surgical treatment centers in Illinois."°

International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes were used to clas-
sify diagnoses associated with hospital use during this
period.'! To identify HIV/AIDS hospitalizations, the follow-
ing ICD-9-CM codes were used: 042 (HIV disease), 079.53
(HIV-2), 795.71 (nonspecific serologic evidence of HIV),
and V08 (asymptomatic HIV infection status). Hospitaliza-
tions with a principal diagnostic code (ie, the first-listed
diagnosis) with one of the aforementioned ICD-9-CM HIV
codes indicating that a patient was hospitalized because of a
complication of HIV infection were classified as principal
HIV hospitalizations. For these hospitalizations, the subse-
quent diagnostic code identified the associated HIV-related
condition.'? The Illinois hospital discharge data set
included up to 25 diagnostic codes for each hospitalization.
An HIV diagnostic code in any of the other 24 nonprincipal
diagnostic codes indicated that the patient was known to
have HIV but that the hospitalization was the result of other
cause(s). These hospitalizations were classified as second-
ary HIV hospitalizations.

The Illinois Electronic HIV/AIDS Registry (¢HARS)
maintains data on people diagnosed with HIV in Illinois; it
has data on >95% of the people estimated by the Centers for
Disease Control and Prevention to have been newly diag-
nosed with HIV in Illinois annually.'® To determine annual
hospitalization rates among PLWHA in Illinois, the annual

number of HIV hospitalizations was divided by the number
of PLWHA indicated in eHARS as alive and residing in
Illinois at the end of each calendar year. Overall Illinois
hospitalization rates were calculated using intercensal popu-
lation estimates from the US Census Bureau.'* Hospitaliza-
tion rates among PLWHA were summarized by year of
hospitalization (2008-2014), age group (<25, 25-44, 45-64,
and >65 years), sex (male, female), and racial/ethnic group
(Hispanic, non-Hispanic white, non-Hispanic black, non-
Hispanic other).

Joinpoint regression analysis, using the JoinPoint Regres-
sion Program version 4.5.0.1, was used to determine the
estimated annual percentage change (APC) of hospitalization
rates and to identify whether any significant breaks in the
trend of hospitalization occurred among all PLWHA in Illi-
nois. This software uses nonparametric permutation tech-
niques to identify the smallest number of joinpoints that fit
the data.'> The estimated slope for each portion of the line
from the best fit model was then back-transformed to calcu-
late a modeled APC."'® The significance test of the modeled
APC was based on an asymptotic 7 test; P < .05 was consid-
ered to be significant.'® In this study, a maximum of
1 joinpoint was allowed for each estimation.

The Agency for Healthcare Research and Quality single-
level diagnosis Clinical Classification System was used to
classify the large number of ICD-9-CM diagnostic codes into
285 clinically meaningful categories.'” These categories
were used to identify the principal reasons for hospitalization
and to identify the 15 most common comorbidities across all
25 diagnostic codes for hospitalizations among both
PLWHA and the overall Illinois hospitalized population.
Finally, this study identified the proportion of hospitaliza-
tions resulting in death among PLWHA and the overall Illi-
nois hospitalized population.

This study was deemed public health nonresearch by
the Centers for Disease Control and Prevention, Office of
Public Health Preparedness and Response Human Sub-
jects Review Board.

Results

Trends in Overall, Principal HIV, and Secondary HIV
Hospitalization Rates

Of 10980 principal HIV hospitalizations in Illinois during
2008-2014, ICD-9-CM code 042 accounted for 99.8% (n =
10967), V08 for 0.2% (n = 22), and 795.71 for <0.1% (n =
1) of hospitalizations; no hospitalizations were coded as
079.53. Despite an increase in the number of diagnosed
PLWHA in Illinois (from 29465 in 2008 to 36965 in
2014), the annual number of principal HIV hospitalizations
decreased by 35% (from 2093 hospitalizations in 2008 to
1350 hospitalizations in 2014). A smaller decline occurred
in the annual number of secondary HIV hospitalizations
(from 8709 hospitalizations in 2008 to 7879 hospitalizations
in 2014). Hospitalizations with any HIV diagnosis (principal
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Figure 1. Rates for principal HIV hospitalizations (n = 10980), secondary HIV hospitalizations (n = 59 987), and overall hospitalizations (n =
I'1.2 million), by year, lllinois, 2008-2014. Principal HIV hospitalizations are hospitalizations with a principal diagnostic code (ie, the first-listed
diagnosis) with International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) HIV codes 042, 079.53, or 795.71
indicating that a patient was hospitalized because of a complication of HIV infection.'' Secondary HIV hospitalizations are hospitalizations
with an ICD-9-CM HIV code as any nonprincipal diagnostic code. Data sources: lllinois Department of Public Health, hospital discharge
data'%; lllinois HIV surveillance data'?; and US Census population estimates, 2008-2014."*

or secondary) accounted for 70967 (0.6%) of the 11.2 mil-
lion hospitalizations in Illinois during 2008-2014.

The rate of principal HIV hospitalizations per 1000
PLWHA declined by 48%, from 71 in 2008 to 37 in 2014
(Figure 1). The APC from 2008 to 2011 was —16.0%
(P = .003) and from 2011 to 2014 was —4.5% (P = .05).
The rate of secondary HIV hospitalizations per 1000
PLWHA declined by 26% overall, from 295 in 2008 to
218 in 2014, with no significant decline from 2008 to 2010
and a decrease of —7.4% annually from 2010 to 2014
(P = .03). By comparison, hospitalization rates per 1000
population for the overall Illinois hospitalized population
declined consistently by an average of —2.5% annually, from
133 in 2008 to 116 in 2014 (P < .001) (Figure 1).

Trends in Principal HIV Hospitalization Rates
by Demographic Group

Rates of principal HIV hospitalizations per 1000 PLWHA
declined for all racial/ethnic groups from 2008 to 2014 (Fig-
ure 2). Non-Hispanic black PLWHA accounted for 66% of
principal HIV hospitalizations and had the highest rate of
HIV hospitalizations during 2008-2014 (66.4 hospitaliza-
tions per 1000 PLWHA). From 2008 to 2011, the APC in
the primary hospitalization rate among non-Hispanic black
PLWHA was —18.2% (P = .005); however, from 2011 to
2014, the APC was —3.7% and not significant (P = .14).
Among non-Hispanic white PLWHA (APC = -7.9%,
P <.001) and Hispanic PLWHA (APC = -7.6%, P = .01),
the annual APC was stable from 2008 to 2014. As a result,

although the principal HIV hospitalization rate per 1000
population among non-Hispanic black PLWHA (101.9) was
2.7 times the rate of non-Hispanic white PLWHA in 2008
(37.7), by 2011 it had declined to 55.9, which was 2.1 times
the rate of non-Hispanic white PLWHA (26.3). This level of
disparity persisted through 2014, when non-Hispanic black
PLWHA had a hospitalization rate per 1000 population of
50.6 compared with 24.0 for non-Hispanic white PLWHA.

The rate of principal HIV hospitalizations was higher
among women than among men during 2008-2014 (Figure
2). Although the overall decline in HIV hospitalization rates
from 2008 to 2014 among women (from 94.6 to 52.4 hospi-
talizations per 1000 PLWHA) and men (from 64.4 to 33.3
hospitalizations per 1000 PLWHA) was similar (45%),
among women, the APC was -9.9% (P = .002), with no
joinpoints identified. Among men, from 2008 to 2011, the
decline in the hospitalization rate was steep, with an APC of
-16.2% (P < .001), but from 2011 to 2014, the APC declined
to —4.7% (P = .014).

The rate of principal HIV hospitalizations declined across
all age groups from 2008 to 2014 (Figure 2). The largest
decline (55%) was among adults aged 45-64, from 83.8 to
37.4 hospitalizations per 1000 PLWHA, although this age
group had the highest annual number of HIV hospitalizations
(689 HIV hospitalizations in 2014). In this age group, the
APC from 2008 to 2011 was —20.8% (P = .002) but declined
from 2011 to 2014 to —3.4% (P = .10). In 2014, the rate of
HIV hospitalizations was highest among adults aged 25-44
(39.3 hospitalizations per 1000 PLWHA and a total of 533
hospitalizations). From 2008 to 2014, the APC in the
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Figure 2. Rates for principal hospitalizations (n = 10980) among people living with HIV/AIDS, by race/ethnicity, sex, age group, and year,
lllinois, 2008-2014. Excluded were 332 hospitalizations for which the patient’s ZIP code indicated the patient did not reside in lllinois. Data
sources: lllinois Department of Public Health hospital discharge data'®; lllinois HIV surveillance data'?; and US Census population estimates,
2008-2014."
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hospitalization rate in this age group was —12.2% (P <.001),
with no break in trend detected. Because of the small number
of hospitalizations (<75 per year in each age group) among
PLWHA aged <25 and >65, annual hospitalization rates in
these age groups varied widely during 2008-2014 and trends
could not be assessed.

Comorbidities Among PLWHA

Principal diagnostic codes. Among the 70067 hospitalizations
with any HIV diagnosis during 2008-2014, the most common
principal diagnosis listed for hospitalization was HIV infec-
tion. However, principal HIV hospitalizations as a proportion
of hospitalizations with any HIV diagnosis decreased from
19.4% of 10802 principal HIV hospitalizations in 2008 to
14.6% of 9229 principal HIV hospitalizations in 2014
(Table 2). During 2008-2014, the most common condition
associated with principal HIV hospitalizations was pneumo-
nia, followed by mycoses, septicemia, acute renal failure,
and adult respiratory failure (Table 1). However, the propor-
tion of principal HIV hospitalizations with pneumonia listed
as the associated diagnosis decreased from 23% in 2008 to
17% in 2014 (APC = -5.3%; P = .01).

Mental health diagnoses, in particular mood disorders,
substance-related diagnoses, and schizophrenia, were listed
as the principal diagnosis for 18% to 22% of hospitalizations
among PLWHA during 2008-2014. This percentage was
higher than among the overall Illinois hospitalized popula-
tion, where these principal diagnoses combined accounted
for 6% to 7% of hospitalizations. Principal diagnoses that
were less common among hospitalized PLWHA compared
with the overall Illinois hospitalized population included
dysrhythmia, which accounted for 0.4% to 0.7% of hospita-
lizations among PLWHA compared with 1.8% to 1.9% of
overall Illinois hospitalizations; osteoarthrosis, which
accounted for 0.2% to 0.5% of hospitalizations among
PLWHA compared with 2.0% to 2.9% of overall Illinois
hospitalizations; and congestive heart failure (non-high
blood pressure), which accounted for 1.4% to 2.0% of hos-
pitalizations among PLWHA compared with 2.4% to 2.6% of
overall Illinois hospitalizations.

All diagnostic codes. Of 25 diagnostic codes included in the
hospital discharge data, after HIV infection, the most com-
mon diagnoses among patients hospitalized with an HIV
diagnosis during 2008-2014 were anemia (31% of hospitali-
zations), fluid or electrolyte disorders (30% of hospitaliza-
tions), and hypertension (28% of hospitalizations) (Table 3).
These comorbidities were also common in the overall Illinois
hospitalized population. In 2014, 20% of overall Illinois hos-
pitalizations included a diagnosis of anemia, 30% a diagnosis
of fluid or electrolyte disorders, and 33% a diagnosis of
hypertension. However, during 2008-2014, 18% to 22% of
hospitalized PLWHA had a hepatitis diagnosis, a higher pro-
portion than among the overall Illinois hospitalized popula-
tion (1.4%-1.5%). Coronary atherosclerosis, which was

listed as a diagnosis for 31% to 33% of overall Illinois hos-
pitalizations, was mentioned less often (8%-12%) as a
comorbidity for hospitalized PLWHA.

Hospital-Based Mortality

During 2008-2014, patients hospitalized with a complication
of HIV (principal HIV hospitalization) were much more likely
to die during their hospitalization than the overall Illinois
hospitalized population. Among PLWHA with a principal
hospitalization, 4.1% to 6.6% of hospitalizations resulted in
patient death with no significant trend identified during 2008-
2014. Among the overall Illinois hospitalized population,
1.7% to 1.8% of hospitalizations resulted in patient death, and
again, no significant trend occurred during 2008-2014.

Discussion

The decrease in both principal and secondary HIV hospita-
lization rates in Illinois from 2008 to 2014 is promising, with
HIV hospitalization rates declining more rapidly than the
overall Illinois hospitalization rate. Earlier initiation of diag-
nosis and treatment among PLWHA likely contributed to the
decline in principal HIV hospitalizations.'® However, after a
steep reduction in principal HIV hospitalization rates from
2008 to 2011, the rate of decline slowed from 2011 to 2014.
This decreased rate of decline occurred among non-Hispanic
black people, men, and those aged 45-64. Despite the decline
in hospitalizations among PLWHA, in 2014, PLWHA were
hospitalized at more than twice the rate of the overall Illinois
hospitalized population and were more likely to die during
their hospitalization.

During 2010-2014, women accounted for 18% of new
HIV diagnoses in Illinois; in 2014, 1.2 women and 4.6 men
per 1000 population had HIV/AIDS.? Although men
accounted for most PLWHA, women had a higher rate of
principal HIV hospitalizations during 2008-2014. Women
have higher all-cause hospitalization rates nationally,'® and
other state and national analyses have also found higher
principal HIV hospitalization rates among women compared
with men.?*?! The higher rate of principal HIV hospitaliza-
tions among women compared with men in Illinois was not
because of pregnancy-related HIV hospitalizations. In Illi-
nois, rates of late HIV diagnosis, defined as either having
AIDS at the time of initial HI'V diagnosis or being diagnosed
with AIDS within 12 months of initial HIV diagnosis, are
similar among men and women.*> Additional research is
needed to better understand the factors that contribute to
higher principal HIV hospitalization rates among women
with HIV/AIDS compared with men with HIV/AIDS.

Non-Hispanic black people had a higher prevalence of
HIV in Illinois compared with all other racial/ethnic groups.
The reduction in the principal HIV hospitalization rate
among non-Hispanic black people from 2008 to 2011 indi-
cates progress in HIV management in this population. How-
ever, since 2011, the disparity in principal HIV
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hospitalizations between non-Hispanic black people and
those in other racial/ethnic groups has been consistent, with
non-Hispanic black PLWHA hospitalized at double the rate
of non-Hispanic white PLWHA. Higher HIV hospitalization
rates among non-Hispanic black people compared with other
racial/ethnic groups have also been found nationally.?!

Most hospitalizations among PLWHA during 2008-2014
were for non—HIV-related conditions. Hospitalizations for
mental health and substance use-related diagnoses
accounted for a higher proportion of hospitalizations among
PLWHA than among the overall Illinois hospitalized popu-
lation and point to challenges that patients may face in adher-
ing to treatment. About 20% of hospitalizations among
PLWHA included hepatitis as a comorbidity, another factor
complicating treatment of PLWHA. HIV/hepatitis C coin-
fection is associated with higher rates of hospital admission,
compared with HIV mono-infection, including admissions
for conditions not directly related to HIV infection.?**** Hos-
pitalized PLWHA were less likely than the overall Illinois
hospitalized population to have such conditions as coronary
atherosclerosis, congestive heart failure, and dysrhythmia.
This finding is likely a reflection of the younger age distri-
bution of PLWHA compared with the overall Illinois hospi-
talized population.?

A significant finding of this analysis was the reduction in
rates of pneumonia among principal HIV hospitalizations.
Pneumococcal vaccine is recommended as part of routine care
for PLWHA, regardless of a patient’s CD4 count.?® In 2012,
the Advisory Committee on Immunization Practices began
recommending the use of 13-valent pneumococcal conjugate
vaccine, which replaced the 7-valent pneumococcal conjugate
vaccine, in addition to the already recommended 23-valent
pneumococcal polysaccharide vaccine, among immunocom-
promised adults.?” Use of these vaccines may have contribu-
ted to the reduction in rates of pneumonia among principal
HIV hospitalizations, although additional analyses are needed
to understand what caused this reduction.

Limitations

This study had several limitations. First, the hospital dis-
charge data were not de-duplicated; therefore, patients with
a high number of repeat hospitalizations may have skewed
the findings. Second, using ICD-9-CM codes to characterize
patient illness may not accurately capture the reasons for a
patient’s hospitalization because hospitals use these codes
primarily for billing. Finally, not having data on patient HIV
measures, such as CD4 counts and viral load, limited the
ability of this study to understand the impact of individual
HIV disease management on risk of hospitalization.

Conclusions

The Illinois Department of Public Health, with substantial
federal support, has several initiatives in place to reach vul-
nerable populations living with HIV, including providing

access to health care through the Ryan White Program,
ensuring access to medication through the AIDS Drug Assis-
tance Program, and supporting several linkage-to-care pro-
grams.>® The decline in principal HIV hospitalization rates
from 2008 to 2014 by almost 50% is promising. However,
disparities in hospitalization rates among subpopulations of
PLWHA and a stagnation in the decline of principal HIV
hospitalization rates since 2011 indicate the need for sus-
tained, targeted interventions. Public health agencies,
community-based organizations, and health care providers
should work together to continue the positive trend in the
reduction of hospitalization rates among PLWHA in [llinois.
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