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Abstract

Background. Hospitalization causes among persons with HIVV (PWH) have shifted to non-AIDS
conditions, but the complete disease profile of hospitalized PWH has not been well described.

To inform hospitalization and readmission prevention efforts, we examined non-AIDS disease
prevalence among PWH hospitalized in 4 US cohorts and 1 Canadian cohort.

Methods. Among PWH with =1 hospitalization from 2008 to 2018, we used log-binomial
regression with generalized estimating equations to estimate trends in the annual prevalence of
hepatitis B virus (HBV), hepatitis C virus (HCV), hypertension, hyperlipidemia, diabetes mellitus,
chronic kidney disease (CKD) stage =3, and multimorbidity (=2 and =3 conditions), defined using
longitudinal diagnosis, medication, and laboratory data.

Results. We examined 6781 hospitalized PWH who were 75% cisgender men, 40% White, and
38% Black. From 2008 to 2018, the proportion of PWH in care who had =1 hospitalization
decreased from 9.6% to 6.3%. Age- and cohort-adjusted prevalence increased for hyperlipidemia
(relative change per year: 3.6% [95% ClI: 2.5%-4.7%]), diabetes mellitus (2.8% [1.3%—4.4%)]),
CKD (3.3% [1.7%—4.9%]), =2 conditions (1.3% [0.6%—2.0%]), and =3 conditions (3.0% [1.7%—
4.3%]), decreased for HCV infection (-2.0% [-3.0%, —0.9%]), and remained stable for HBV
infection (1.6% [-1.1%, 4.3%]) and hypertension (0.4% [-0.2%, 1.1%]).
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Conclusions. Hospitalized PWH had an increasing burden of several non-AIDS conditions and
multimorbidity not accounted for by aging alone. Further work is needed to understand these
conditions’ role in hospitalization risk among PWH. Our findings reinforce that hospital discharge
planning in PWH should include efforts to ensure chronic conditions are adequately managed.

Keywords

HIV; aging; comorbidity; hypertension; hyperlipidemia

Antiretroviral therapy (ART) reduced morbidity and mortality among persons with human
immunodeficiency virus (PWH) [1-3]. Yet, PWH in care in the United States and Canada
have a persistently higher hospitalization burden than the general population, with a rate of
13 per 100 person-years in 2015, compared with 8-10 per 100 persons of similar age in the
general population [4-6]. Hospitalization causes among PWH on ART have largely shifted
from AIDS-defining to non-AIDS illnesses, particularly infectious, cardiovascular, and liver/
gastrointestinal conditions [4, 7-9]. However, the current evidence on disease burden in
hospitalized PWH is based on International Classification of Diseases (ICD) discharge
diagnosis codes, which capture the most proximal hospitalization cause but may not reflect
potential underlying contributors. Furthermore, discharge diagnoses are assigned by hospital
coders for reimbursement purposes and not intended to capture conditions that are not
evaluated or do not receive treatment during a hospitalization, likely leading to comorbidity
prevalence underestimation. ICD coding is also subject to inaccuracies, with positive- and
negative-predictive values of less than 80% for some discharge diagnoses [10-13].

Characterizing the disease profile of hospitalized PWH is important to help health systems
and policymakers allocate discharge planning resources to ensure patients receive adequate
treatment and outpatient follow-up to manage chronic conditions, which could also
decrease readmissions, thus improving patient outcomes and reducing healthcare costs [14].
Furthermore, evidence on chronic comorbidities among hospitalized PWH could inform
efforts to improve outpatient management and prevent hospitalization. For example, PWH
have high rates of cardiometabolic conditions, such as hypertension, hyperlipidemia, and
diabetes, which can lead to acute cardiovascular, renal, and other illnesses when poorly
controlled [15-19]. As the population of PWH continues to age and experience an increasing
disease prevalence [17-20], evidence is needed to inform prevention efforts that can
decrease hospitalization burden.

Using a collaboration of clinical cohorts, we examined trends in non-AIDS disease burden
among hospitalized PWH, focusing on cardiometabolic conditions and viral hepatitis, which
are highly prevalent among PWH, could be linked to the most common hospitalization
causes in PWH, and can be targeted for postdischarge and outpatient management [4, 16—
19].
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and Study Population

Data came from the North American AIDS Cohort Collaboration on Research and Design
(NA-ACCORD), an HIV cohort consortium including PWH aged 18 years and older

who have been linked to care, defined as 2 or more visits within 12 months [21]. Each
participating cohort submits data annually to the NA-ACCORD Data Management Core,
which conducts data quality control. We included 4 US clinical cohorts and 1 Canadian
clinical cohort that collected the hospitalization and clinical data necessary for this study for
the period 2008-2018. Data came from each site’s electronic health records (EHRS). The
University of North Carolina Institutional Review Board (IRB) approved this secondary data
analysis.

We defined periods of HIV care from NA-ACCORD enrollment date until death, loss to
follow-up (LTFU), or 31 December 2018, whichever occurred earlier. Loss to follow-up was
defined as having no HIV viral load (VL) or CD4 cell count for more than 12 months.
Persons with HIV returning to care, defined as having an HIV VL or CD4 count after being
lost to follow-up, could contribute additional periods of HIV care. Our prior NA-ACCORD
analyses estimated LTFU to be approximately 10% annually, with mortality rates of 1.4 per
100 person-years [4, 22].

For each calendar year, we included PWH with 1 or more hospitalization in that year while
being in HIV care. We also examined all PWH in HIV care in a given year in the same
cohorts, defined the same way, irrespective of hospitalization. In secondary analyses of
disease prevalence by hospitalization reason, we examined all individual hospitalizations
among PWH in care as the unit of analysis.

itions

We examined hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, treated
hypertension, treated hyperlipidemia, diabetes mellitus, and chronic kidney disease (CKD)
stage 3 or higher, defined using validated algorithms [15, 16]. For HBV and HCV, we
included any evidence of active or past infection, defined for HBV as a positive surface
antigen, e antigen, or detectable DNA test, and for HCV as a positive antibody, detectable
RNA, or having an HCV genotype test. Treated hypertension was defined as having a
diagnosis and using an antihypertensive medication. Treated hyperlipidemia was defined
as using a lipid-lowering agent (eg, statin), which may have also captured use for other
indications. Diabetes was defined as meeting 1 or more of the following: (1) glycated
hemoglobin (HbA1c) of 6.5% or more, (2) use of a diabetes-specific medication (eg,
insulin), or (3) use of a diabetes-related medication (eg, metformin) with a diabetes
diagnosis. CKD stage 3 or higher was defined as having an estimated glomerular filtration
rate (eGFR) less than 60 mL/min/1.73 m2 consistently for 3 or more months, based on 2
or more values. We used the older, race-based CKD-EPI equation for eGFR to align with
what was used in clinical care for most of the study period [23]. For each calendar year
and condition, PWH meeting the definition on 1 January of that year or any time prior
were considered to have the condition. Once PWH met criteria for a condition, they were
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considered to have that condition going forward, even if, for example, they discontinued
treatment, or their laboratory values changed. We also examined multimorbidity, including
having 2 or more and 3 or more of these conditions.

Other Measures

We identified hospitalization reason from the top-ranked discharge ICD-9 diagnosis code,
categorized using Clinical Classifications Software (CCS) from the Agency for Healthcare
Research and Quality (AHRQ) [24]. As in previous analyses, when ICD-10 codes were
used, these were back-converted to ICD-9 prior to categorization, we modified the CCS

to create an AIDS-defining illness category and assign all other infections to a non—AIDS-
defining infections category [4, 8]; and if the top-ranked diagnosis code was for HIV or
chronic HCV, we used the second-ranked code [25].

Covariates included age, gender, race/ethnicity, HIV risk factor, CD4 count, VL, history of
AIDS-defining illness, and the cohort in which PWH were enrolled. Age and history of
AIDS-defining illness were time-updated and defined as of 1 January of each year. For CD4
count and VL, we used the earliest measurement in the analysis year if available; otherwise,
we used the closest measurement in the last 6 months of the prior year or first 6 months

of the following year. Age and cohort were included as adjustment factors in our analyses.
Other co-variates were used to describe our sample.

Statistical Analysis

For each calendar year, we estimated the prevalence of conditions among PWH who had

1 or more hospitalization in that year, and among all PWH in care that year. We used
log-binomial regression to estimate calendar time trends in prevalence, with generalized
estimating equations to account for PWH contributing to more than 1 calendar year

of analysis. We included calendar year in models as a linear independent variable. We
estimated trends adjusted only for cohort, and adjusted for both cohort and age, with age
categorized as less than 42, 42—-49, 50-57, and 58 or more years, based on the age quartiles
among PWH hospitalized in 2013, the midpoint of the study period.

In a secondary analysis using individual hospitalizations as the unit of analysis, we estimated
the prevalence of conditions stratified by discharge diagnosis category. This descriptive
secondary analysis was conducted across all calendar years, and we did not estimate any
trends in prevalence.

RESULTS

Study Sample

The 6781 PWH with 1 or more hospitalization over 20082018 were 75% cisgender men,
40% White, and 38% Black PWH (Table 1). From 2008 to 2018, there was a decrease in
the proportion of hospitalized PWH with injection drug use as an HIV risk factor (27%

to 18%) and an increase in hospitalized PWH’s age (median: 47 to 54 years), CD4 count
(median: 294 to 463 cells/uL), proportion with VL less than 200 copies/mL (47% to 79%),

Clin Infect Dis. Author manuscript; available in PMC 2025 September 23.
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and proportion with a body mass index (BMI) of 30 kg/m? or higher (18% to 26%) (Table 1,
Supplementary Figure 1).

The group of all 28 381 PWH in care was 82% cisgender men and 39% White and 32%
Black PWH (Table 1). The proportion of PWH in care who had 1 or more hospitalization
decreased from 9.6% in 2008 to 6.3% in 2018 (Table 2). The proportion of PWH recently
enrolled in NA-ACCORD also decreased over time (Supplementary Table 1).

Prevalence of Health Conditions Over Time

In unadjusted analyses among hospitalized PWH (Figure 1), prevalence estimates remained
stable over time for HBV infection, decreased for HCV infection, and increased for all
other conditions and multimorbidity. In 2018, the unadjusted prevalence was 6.3% (95% ClI:
4.8%~7.8%) for HBV, 20.7% (18.2%-23.1%) for HCV, 49.6% (46.6%-52.6%) for treated
hypertension, 38.7% (35.7%—41.6%) for treated hyperlipidemia, 20.8% (18.3%-23.2%) for
diabetes mellitus, 21.0% (18.5%-23.4%) for CKD stage 3 or higher, 46.1% (43.1%-49.1%)
for 2 or more conditions, and 27.9% (25.2%-30.6%) for 3 or more conditions. The 10 most
frequent combinations of health conditions for PWH hospitalized with 2 or more conditions
in 2018 are shown in Supplementary Table 2; treated hypertension is included in all of
them, and treated hyperlipidemia in 7. Modeling analyses adjusted only for NA-ACCORD
cohort showed trends similar to the unadjusted plots (Table 3). For all conditions, unadjusted
prevalence was consistently higher for hospitalized PWH compared with all PWH in care
(Supplementary Table 3).

In analyses adjusted for age and NA-ACCORD cohort (Table 3), the trends for HBV

and HCV infection were similar to estimates adjusted only for cohort, with a relative

change per year of 1.6% (95% ClI: —1.1%, 4.3%) and —2.0% (—3.0%, —0.9%), respectively.
However, we no longer observed an increase in treated hypertension prevalence, with a
change per year of 0.4% (—0.2%, 1.1%). Trends for other conditions and multimorbidity
were attenuated but similar to estimates adjusted only for cohort. The age-adjusted change
per year was 3.6% (2.5%—4.7%) for treated hyperlipidemia, 2.8% (1.3%-4.4%) for diabetes,
3.3% (1.7%-4.9%) for CKD stage 3 or higher, 1.3% (0.6%—-2.0%) for 2 or more conditions,
and 3.0% (1.7%-4.3%) for 3 or more conditions. Calendar time trends among all PWH in
care were similar to those among only hospitalized PWH (Supplementary Table 3, Table 3).

Prevalence by Reason for Hospitalization

We also examined unadjusted prevalence among a total of 18 684 hospitalizations,
stratified by the 10 most frequent categories of primary discharge diagnosis (Figure

2, Supplementary Table 4). For hospitalizations in the non-AIDS infection category

(26% of total hospitalizations), the most frequently occurring health condition was

treated hypertension with a prevalence of 44.2%, and 40.9% had 2 or more conditions.
Hospitalizations in the cardiovascular (11% of hospitalizations), renal/genitourinary (5%),
and endocrine/metabolic (4%) categories had health condition distributions similar to each
other, with a high prevalence of treated hypertension (65%—71%), treated hyperlipidemia
(34%-51%), CKD stage 3 or higher (32%-42%), and multimorbidity (41%-51% with >3

Clin Infect Dis. Author manuscript; available in PMC 2025 September 23.
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conditions) (Figure 2B, 2H, and 2/). Endocrine/metabolic hospitalizations also had a 48%
prevalence of diabetes.

DISCUSSION

Persons with HIV hospitalized during 2008-2018 in 5 cohorts had a high burden of
non-AlDS conditions, and prevalence of treated hyperlipidemia, diabetes, CKD, and
multimorbidity increased over time, even after accounting for increasing age. In 2018, close
to half of hospitalized PWH had 2 or more comorbidities, with treated hypertension and
treated hyperlipidemia being the most prevalent conditions.

The trends we observed are consistent with population-based studies. Among PWH in the
US National Inpatient Sample (NIS), the number of chronic conditions identified in primary
and secondary discharge diagnoses increased over 2005-2015 [9]. Among PWH in Illinois,
the presence of anemia, hypertension, CKD, and asthma in discharge diagnoses increased
over 2008-2014 [26]. Our study extends prior evidence as we defined conditions using
longitudinal clinical data, which are not subject to the limitations of discharge diagnoses
[10-13]. Our findings may also be more directly relevant to inform the management of PWH
in care, the focus of our study. Persons with HIV who are not in care may be less likely to be
evaluated for comorbidities, leading to underestimated prevalence, and likely have different
hospitalization reasons and clinical profiles than those in care.

The high non-AIDS burden we observed among hospitalized PWH highlights the
importance of discharge planning efforts focused on comorbidity management, including
access to medications and outpatient follow-up. Treated hypertension was prevalent in
almost 50% of hospitalized PWH in 2018 and may merit particular attention. Better
outpatient chronic disease management could also potentially prevent hospitalizations.
For example, the prevalence of hypertension, hyperlipidemia, diabetes, and CKD was
particularly high in PWH hospitalized for conditions that are sensitive to the poor control
of these comorbidities, such as cardiovascular and renal/genitourinary conditions. The
proportion of PWH with a BMI of 30 kg/m? or higher also increased over time in our
study and could have contributed to these hospitalizations. We did not examine levels

of disease control (eg, blood pressure, cholesterol, or HbAlc measures). Future studies
should investigate the effect of specific comorbidities, including their level of control, on
hospitalization risk in PWH. Studies in PWH with more advanced disease, such as a history
of myocardial infarction or cancer, may also help prevent hospitalizations in these higher
risk groups.

Comorbidities may be markers of other clinical or social factors that contribute to
hospitalizations. Persons with HIV with current or prior low CD4 counts may be more likely
to both develop comorbidities and be hospitalized for unrelated reasons. Persons with HIV
with comorbidities, including HCV, may be more likely to come from socioeconomically
disadvantaged backgrounds, with fewer resources to prevent and manage diseases as
outpatients. Some may also have a higher prevalence of tobacco, alcohol, or other substance
use, including via injection, which can increase disease and hospitalization risk [27, 28].

Clin Infect Dis. Author manuscript; available in PMC 2025 September 23.
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Our findings also highlight multimorbidity burden among hospitalized PWH.
Multimorbidity is increasing in PWH overall and projected to continue to increase [19,

29]. Complex clinical profiles with multiple conditions can complicate treatment and lead to
worse outcomes, including longer hospital stays and readmission. Strategies are needed to
improve the care of PWH with multimorbidity, such as coordinated or integrated care with
different specialists.

Hepatitis C virus (active or past) prevalence decreased in our study among hospitalized
PWH and all PWH in care, while HBV (active or past) prevalence remained stable. This
may reflect improvements in primary and secondary prevention via HBV vaccination; HBV
and HCV treatment, particularly with directly acting antivirals; and harm-reduction efforts
for people who inject drugs. The prevalence of HBV and HCV in our study did not seem
higher for PWH hospitalized due to liver/gastrointestinal conditions versus other causes. We
previously reported that pancreatitis and gastrointestinal bleeds were the 2 most frequent
discharge diagnoses in the liver/gastrointestinal category for PWH, which may be unrelated
to viral hepatitis [4]. Hepatitis B virus remains an important concern, as 6% of hospitalized
PWH and 4% of all PWH in care in 2018 had a history of HBV. However, we did not
distinguish between active or past or treated or untreated HBV and HCV. Future studies
should investigate hospitalizations among PWH with active HBV and HCV infections.

In our study, comorbidity burden was higher for hospitalized PWH compared with all

PWH in care, but the trends over time were similar in both groups. Prior NA-ACCORD
studies found an increasing prevalence in the 2000s for hypercholesterolemia, hypertension,
diabetes mellitus, CKD, non—-AlIDS-defining cancer, and end-stage liver disease [19, 30].
Multimorbidity has also been shown to be increasing among PWH in NA-ACCORD

[19, 29]. The HIV Outpatient Study (HOPS) and MACS/WIHS Combined Cohort Study
(MWCCS) have shown that the prevalence of individual conditions and multimorbidity is
higher in older PWH, but, to our knowledge, they have not examined trends over time [18,
31].

The increasing prevalence of certain comorbidities in hospitalized PWH could have

other possible contributing explanations. First, the proportion of PWH in care with 1

or more hospitalization decreased over time in our study. Prior studies reported that
hospitalization incidence decreased from the early 2000s to the mid-2010s, with a shift

in hospitalization causes from AIDS-defining to non-AIDS conditions [4, 8, 32]. Persons
with HIV hospitalized in more recent years may thus reflect a greater proportion of patients
with comorbidities that can lead to non—-AlDS-related hospitalization. Second, increased
efforts to screen and treat comorbidities could have led to more PWH being diagnosed,
especially since some of our definitions required medication use. Third, our sample in later
years might have included persons diagnosed with HIV more recently, whose comorbidity
profile might have differed from PWH who entered care earlier. However, the percentage of
hospitalized PWH who had enrolled in NA-ACCORD in the same year decreased over time
and reached 8.1% in 2018, suggesting this would likely have played only a small role in
our findings. Fourth, during our study period there was an increase in the use of integrase
strand transfer inhibitor (INSTI)-based ART regimens that can increase serum creatinine,
which could have led to underestimated eGFR in some PWH. Finally, changes in hospital

Clin Infect Dis. Author manuscript; available in PMC 2025 September 23.
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admission thresholds over time could have led to more PWH with comorbidities being
hospitalized. This effect has been speculated to explain some hospitalization trends in the
general population, including in people with diabetes [33].

Strengths and Limitations

This study included 11 years of data from 5 clinical cohorts, combining administrative
hospital discharge data with longitudinal clinical data, which are rarely available together in
large studies. However, our study ends in 2018. Future studies should continue to examine
hospitalizations among PWH as newer data become available.

One limitation is that we only captured hospitalizations in each cohort’s medical system.

If there were differences in PWH hospitalized at each site versus nearby hospitals, it

could have impacted our findings. We examined a limited set of comorbidities, and future
studies should investigate other conditions that pose a hospitalization risk in PWH, such as
anemia and chronic obstructive pulmonary disease (COPD) [34, 35]. We did not examine
mental health or substance use problems, which are common among PWH, with prevalence
estimates of 35% for depression and 16% for at-risk alcohol use, and associated with
hospitalizations [27, 28, 36, 37]. We did not have data on insurance status or other social
determinants of health, although these can also be hospitalization risk factors in PWH [28,
38]. A better understanding of how social determinants contribute to hospitalization risk in
PWH with comorbidities, by reducing comorbidity control or other pathways, is needed.
Future studies should also investigate the role of comorbidities in gender and racial/ethnic
hospitalization disparities, as some demographic groups experience a higher burden of both
comorbidities and hospitalizations [18, 22, 31].

Conclusions

Among hospitalized PWH in care in 5 cohorts, age-adjusted prevalence increased from 2008
to 2018 for several cardiometabolic conditions and multimorbidity. Further investigation

of disease burden and control among hospitalized PWH can shed light on underlying
contributors to hospitalization and inform prevention and care management efforts in both
inpatient and outpatient settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

A-F, Unadjusted annual prevalence (%) of health conditions among hospitalized persons
with HIV (solid lines): NA-ACCORD, 2008-2018. For reference, prevalences among all
28 381 persons with HIV in care (11 000-17 000 each year) are also shown (dashed
lines). Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; NA-ACCORD, North American AIDS Cohort Collaboration on
Research and Design.
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Figure 2.

A-J, Unadjusted prevalence of non-AIDS health conditions stratified by the 10 most

frequent categories of primary hospital discharge diagnosis: NA-ACCORD, 2008-2018.

Displayed from left to right within each panel are the prevalence of HBV infection

(red), HCV infection (blue), treated hypertension (green), treated hyperlipidemia (purple),
diabetes mellitus (orange), chronic kidney disease stage =3 (brown), =2 conditions (pink),

and =3 conditions (gray). Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C

virus; HIV, human immunodeficiency virus; NA-ACCORD, North American AIDS Cohort
Collaboration on Research and Design.
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Number and Proportion of Persons With HIV in Care Who Had 1 or More Hospitalization by Calendar Year in
5 Cohorts of the North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD), 2008—

2018

Calendar Year

Hospitalized PWH  All PWH in Care

Percentage of PWH in Care With =1 Hospitalization

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

1022
1012
1038
1039
1055
1074
1020
1079
1090
1146
1050

10 615
11227
11977
12 709
13 282
13691
14 322
14 930
15703
16 372
16 794

9.6%
9.0%
8.7%
8.2%
7.9%
7.8%
7.1%
7.2%
6.9%
7.0%
6.3%

Abbreviations: HIV, human immunodeficiency virus; PWH, persons with HIV.
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