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Background. To assess the possible impact of antiretroviral therapy improvements, aging, and comorbidities, we examined 
trends in all-cause and cause-specific hospitalization rates among persons with HIV (PWH) from 2005 to 2015.

Methods. In 6 clinical cohorts, we followed PWH in care (≥1 outpatient CD4 count or HIV load [VL] every 12 months) and 
categorized ICD codes of primary discharge diagnoses using modified Clinical Classifications Software. Poisson regression esti-
mated hospitalization rate ratios for calendar time trends, adjusted for demographics, HIV risk factor, and annually updated age, 
CD4, and VL.

Results. Among 28 057 patients (125 724 person-years), from 2005 to 2015, the median CD4 increased from 389 to 580 cells/
µL and virologic suppression from 55% to 85% of patients. Unadjusted all-cause hospitalization rates decreased from 22.3 per 100 
person-years in 2005 (95% confidence interval [CI], 20.6–24.1) to 13.0 in 2015 (95% CI, 12.2–14.0). Unadjusted rates decreased for 
almost all diagnostic categories. Adjusted rates decreased for all-cause, cardiovascular, and AIDS-defining conditions, increased for 
non-AIDS–defining infection, and were stable for most other categories.

Conclusions. Among PWH with increasing CD4 counts and viral suppression, unadjusted hospitalization rates decreased for 
all-cause and most cause-specific hospitalizations, despite the potential effects of aging, comorbidities, and cumulative exposure to 
HIV and antiretrovirals.

Keywords.  HIV; hospitalization; cohort studies.

Antiretroviral treatment (ART) for human immunodeficiency 
virus (HIV) infection has changed substantially over the last 2 
decades. In the mid-2000s, the Food and Drug Administration 
approved the second-generation protease inhibitors (PIs) 
atazanavir and darunavir, an efavirenz-containing single-tablet 
regimen, and a new class of drugs, integrase strand transfer in-
hibitors (INSTIs) [1]. These new regimens provided persons 
with HIV (PWH) with safer and more effective ART options, 
generally with a lower pill burden. With evidence of the clinical 
benefit of earlier ART, HIV treatment guidelines recommended 
ART initiation at higher CD4 cell counts and eventually for all 

PWH [1]. Together, these changes have resulted in substantial 
improvements in viral suppression in the United States and 
Canada [2, 3]. Life expectancy for PWH in this region is now 
approaching that of the general population, and almost one-half 
of PWH are over 50 years of age [4–6].

Despite these improvements, PWH experience a high burden 
of severe non-AIDS comorbidities, such as cardiovascular, 
renal, and liver diseases and malignancies [7–10]. Cumulative 
exposure to more toxic, older antiretroviral drugs and to uncon-
trolled viremia leading to chronic inflammation may contribute 
to the incidence of comorbidities [11]. In addition, a high prev-
alence of at-risk behaviors, such as smoking and substance use, 
and clinical risk factors, such as hypertension and dyslipidemia, 
put PWH at risk of developing comorbid conditions [12, 13].

Hospitalizations provide an important clinical endpoint for 
examining morbidity trends among PWH. The introduction 
of combination ART in 1996 led to a sharp drop in hospitali-
zation rates in the United States and Canada, particularly for 
AIDS-defining conditions [14, 15]. In the 2000s, some studies 
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reported a continued decline in all-cause hospitalization rates, 
while others showed stable or increasing age-adjusted hospitali-
zation rates for cardiovascular, pulmonary, and renal conditions 
[14–17]. More recent trends in hospitalization rates and causes 
among North American PWH have not been well-described, 
with studies limited to smaller geographic areas or populations 
such as veterans [18–20]. Older age and increasing prevalence 
of chronic conditions could contribute to more frequent hos-
pitalizations, while expanded use of more potent ART might 
mitigate this risk. Identifying frequent causes of hospitalization 
may inform health care policy and clinical efforts to manage 
comorbidities in the outpatient setting. In this study, we exam-
ined trends in hospitalization rates between 2005 and 2015 
among PWH in clinical care in the United States and Canada.

METHODS

Study Population and Follow-up

Data for this study come from the North American AIDS 
Cohort Collaboration on Research and Design (NA-ACCORD), 
a consortium of cohorts following PWH who are linked to care 
(≥2 visits in a 12-month period) [21]. We included 6 clinical co-
horts (5 in the United States, 1 in Canada) that collected data on 
hospitalizations from electronic health records in their medical 
system for the period 2005–2015, including discharge diagnosis 
International Classification of Diseases (ICD) codes. Local 
Institutional Review Boards (IRBs) approved prospective data 
collection and the University of North Carolina IRB approved 
this secondary data analysis.

We included patients ≥18 years old in care between 2005 and 
2015, defined as at least 1 outpatient CD4 count or HIV load 
(VL) measurement in that period. Patients contributed person-
time from cohort entry or 1 January 2005, whichever occurred 
later, and until death or 31 December 2015, whichever occurred 
first. Person-time was censored at loss to follow-up (LTFU), de-
fined as 12 months with no outpatient CD4 count or VL, but pa-
tients contributed additional person-time if they reentered HIV 
care, defined as an outpatient CD4 count or VL. Person-time 
was divided into calendar years for analysis, allowing patients 
to contribute partially to years when their person-time began or 
ended. Inpatient days were not counted as person-time at risk.

Study Measures

Annual hospitalization rates were calculated as the number 
of hospitalizations divided by the person-time at risk in each 
calendar year, for all-cause and cause-specific hospitaliza-
tions. Patients could contribute more than 1 hospitalization. 
Hospitalizations with same-day discharge were not counted as 
outcomes, because these are rare events and could not be distin-
guished from outpatient procedures (eg, endoscopy).

We assigned primary hospital discharge diagnoses into 
categories. We used Clinical Classifications Software (CCS; 
Agency for Healthcare Research and Quality) to categorize ICD, 

Ninth Revision, Clinical Modification (ICD-9-CM) codes [22]. 
We modified the CCS to classify AIDS-defining illnesses as a 
separate category and reassign all other infections from organ 
system categories into a non-AIDS–defining infection category 
[17]. Using a previously validated approach, if the primary di-
agnosis was an ICD-9-CM code for HIV infection or chronic 
hepatitis C virus infection, we assigned the next highest-ranked 
ICD-9-CM code as the primary diagnosis [23]. We converted 
ICD, Tenth Revision codes (11% of hospitalizations, including 
9% in Canada and 2% in the United States) to ICD-9-CM 
using General Equivalence Mappings from the Centers for 
Medicare and Medicaid Services and manual review by a phy-
sician (S. A. B.). Hospitalizations missing discharge diagnosis 
(n = 206, <1%) were included in all-cause analyses only. To 
describe frequent diagnoses within each category, a physician 
(S. A. B.) grouped ICD-9-CM codes into clinically meaningful 
groups, as previously published [17].

Covariates included NA-ACCORD cohort, gender, race/eth-
nicity, HIV risk factor, and annually updated age, CD4 count, 
and VL. Categories were created for age (<40, 40–49, 50–59, 
≥60 years), CD4 count (<50, 50–200, 201–350, 351–500, >500 
cells/µL), and VL (<400, ≥400 copies/mL, the highest lower 
limit of quantification [LLQ] of assays used during the study 
period). For each calendar year of analysis, we used the earliest 
CD4 count and VL measurement in that year. If none was avail-
able (9% of person-years), we used the earliest measurement in 
the last 6 months of the previous year or the first 6 months of 
the following year. Person-years still missing CD4 count or VL 
(3%) were excluded from adjusted analyses only. Analyses of 
hospitalizations in the pregnancy category were restricted to 
cisgender women aged <50 years.

Statistical Analysis

Unadjusted annual rates were plotted for all-cause hospitaliza-
tions and the 10 most frequent diagnostic categories. We then 
plotted rates standardized to the 2010 distribution of variables 
that changed substantially over the study period: age, CD4 
count, and VL. We evaluated this approach by standardizing 
rates for all-cause hospitalizations and the most common di-
agnostic category to each covariate, and visually comparing 
standardized to unadjusted estimates. Standardizing for other 
variables had little to no effect on estimates (Supplementary 
Figure 1).

We used Poisson regression models to estimate unadjusted 
and adjusted incidence rate ratios (IRR) of hospitalization as-
sessing linear calendar time trends, with generalized estimating 
equations with an independent correlation matrix to account 
for patients contributing more than 1 hospitalization. IRR were 
reported as a mean percentage change, for example, an IRR 
of 0.95 per 1-year increase was reported as a −5% annual rate 
change. Unadjusted models included only NA-ACCORD cohort 
as a covariate. Partially adjusted models also included age, CD4 

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa661#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa661#supplementary-data


Hospitalizations Among Persons With HIV • jid 2021:223 (15 june) • 2115

count, and VL. Fully adjusted models included all covariates. P 
values were 2-sided, and .05 was considered statistically signifi-
cant. We conducted 4 sets of sensitivity analyses: (1) using 6 or 
18 months to define LTFU; (2) using restricted quadratic splines 
to adjust for age and CD4 count; (3) using negative binomial 
models to account for possible overdispersion; and (4) adjusting 
for annually updated lowest prior CD4 count. Analyses were 
conducted in SAS, version 9.4 (SAS Institute).

RESULTS

Study Sample

The study included 28 057 patients who were followed a median 
of 3.4  years (interquartile range [IQR], 1.6–7.0), contributing 
a total of 125 724 person-years of follow-up. Follow-up dura-
tion varied by NA-ACCORD enrollment year, with a median of 
8.0 years per patient (IQR, 3.3–10.9) for patients enrolled be-
fore 2006, 4.8 (IQR, 2.0–7.0) for those enrolled 2006–2010, and 
1.7 (IQR, 1.0–2.9) for those enrolled 2011–2015. The person-
time of most patients was censored at study end (52%) or LTFU 
(42%) (Supplementary Figure 2). Annual LTFU was 8%–11%. 
Patients were 80% cisgender men, 41% White, 32% Black, and 
52% men who have sex with men (Table 1). From 2005 to 2015, 
the median patient age increased from 43 (IQR, 38–50) to 
49 years (IQR, 39–56), the median CD4 count increased from 

389 (IQR, 242–578) to 580 cells/µL (IQR, 387–786), and the 
proportion of patients with VL<400 copies/mL increased from 
55% to 85% (Table  1). Among patients whose VL was meas-
ured using an assay with an LLQ of 75 copies/mL or lower, the 
proportion with VL<75 copies/mL increased from 53% to 81%. 
In addition, the proportion of patients with injection drug use 
(IDU) as HIV risk factor decreased from 16% to 11%, and the 
proportion of patients who were White decreased from 47% 
to 41%.

Hospitalization Characteristics

During the observed person-time, 7503 (27%) patients were 
hospitalized at least once. Among these, the median number of 
hospitalizations was 2 (IQR, 1–3), for a total of 21 230 hospital-
izations. The median age of hospitalized patients was 44 years 
(IQR, 38–52) in 2005 and 52 years (IQR, 44–60) in 2015. The 
10 most frequent diagnostic categories of hospital discharge 
diagnoses were non-AIDS–defining infection (25% of hospi-
talizations), cardiovascular (10%), liver/gastrointestinal (9%), 
psychiatric (8%), AIDS-defining illness (6%), neoplasm ex-
cluding AIDS-defining cancer (6%), injury/poisoning/compli-
cation of therapy (6%), renal/genitourinary (5%), endocrine/
metabolic (5%), and pulmonary (4%) (Table  2). In the non-
AIDS–defining infection category, the most frequent diagnoses 

Table 1. Characteristics of 28 057 Patients in HIV Care Between 1 January 2005 and 31 December 2015 in 6 NA-ACCORD Cohorts, at Enrollment and Across 
Calendar Years

Characteristic
All Patients at  

Enrolment (n = 28 057) 
Patients in Care in 

2005 (n = 9174)
Patients in Care in 
2010 (n = 13 596)

Patients in Care in 
2015 (n = 16 380)

Gender, No. (%)     

 Cisgender men 22 560 (80) 7258 (79) 10 775 (79) 13 229 (81)

 Cisgender women 5339 (19) 1879 (20) 2757 (20) 3062 (19)

 Transgendera 158 (1) 37 (<1) 64 (<1) 89 (1)

Race/ethnicity, No. (%)     

 Black, not Hispanic 8947 (32) 2802 (31) 4297 (32) 5109 (31)

 White, not Hispanic 11 526 (41) 4305 (47) 5830 (43) 6786 (41)

 Hispanic 4611 (16) 1365 (15) 2174 (16) 2805 (17)

 Otherb 2973 (11) 702 (8) 1295 (10) 1680 (10)

HIV acquisition risk factor, No. (%)     

 MSM 14 622 (52) 4591 (50) 7008 (52) 8899 (54)

 IDU 3706 (13) 1458 (16) 1877 (14) 1826 (11)

 Heterosexual or other 9729 (35) 3125 (34) 4711 (35) 5655 (35)

Age, y, median (IQR) 41 (33–48) 43 (38–50) 46 (39–53) 49 (39–56)

CD4 count, cells/µL, median (IQR)c 387 (200–592) 389 (242–578) 475 (308–661) 580 (387–786)

HIV load <400 copies/mL, No. (%)d 9162 (37) 4954 (55) 9377 (73) 13 131 (85)

HIV load <75 copies/mL, No. (%)d,e 7543 (31) 4142 (53) 8533 (68) 12 500 (81)

Abbreviations: HIV, human immunodeficiency virus; IDU, injection drug use; MSM, men who have sex with men; NA-ACCORD, North American AIDS Cohort Collaboration on Research and 
Design.
aTransgender patients were identified either from locally collected data, or from having female sex and MSM as risk factor.
bIncludes 972 patients with missing race/ethnicity.
cCD4 count at enrollment was the closest measurement a year before to 30 days after enrollment date and was missing for 2538 patients. Time-updated CD4 count was the first meas-
urement in a given calendar year, or, if unavailable, in the last 6 months of the previous year or first 6 months of the following year. Time-updated CD4 count was missing for 2510 (2%) 
patient-years.
dHIV load at enrollment was the closest measurement a year before to 30 days after enrollment date and was missing for 3612 patients. Time-updated HIV load was the first measurement 
in a given calendar year, or, if unavailable, in the last 6 months of the previous year or first 6 months of the following year. Time-updated viral load was missing for 2588 (2%) person-years.
eRestricted to patients with a viral load measurement from assays with a lower limit of quantification of 75 copies/mL or lower.
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were sepsis/bacteremia (23%), bacterial pneumonia (18%), and 
cellulitis/cutaneous abscess (12%). For the cardiovascular cate-
gory, the most frequent diagnosis was congestive heart failure 
(21%); for the liver/gastrointestinal category, acute or chronic 
pancreatitis (16%); for the psychiatric category, major depres-
sive disorder (20%); for the AIDS-defining illness category, 
Pneumocystis jirovecii pneumonia (18%); and for the non-
AIDS–defining neoplasm category, non-Hodgkin lymphoma 
(24%) (Supplementary Table 1).

Hospitalization Rates Over Time

From 2005 to 2015, the unadjusted all-cause hospitalization 
rate per 100 person-years decreased from 22.3 (95% confidence 
interval [CI], 20.6–24.1) to 13.0 (95% CI, 12.2–14.0), with a 
mean change of −4% per year (95% CI, −5% to −4%; P < .01) 
(Figure 1A and Table 2). Unadjusted hospitalization rates de-
creased over the study period for each of the 10 most common 
diagnostic categories except non-AIDS–defining neoplasm and 
injury (Figure 1A–1D). Hospitalizations for AIDS-defining ill-
ness had the greatest decrease, with an annual change of −15% 
(95% CI, −18% to −13%; P < .01), reaching 0.5 hospitalizations 
per 100 person-years in 2015 (95% CI, 0.4–0.7). Among less 
common diagnostic categories, rates were stable for musculo-
skeletal and pregnancy hospitalizations, increased for congen-
ital hospitalizations, and decreased for remaining categories 
(Table  2). In 2015, the highest hospitalization rates per 100 

person-years were those for non-AIDS–defining infection with 
3.5 (95% CI, 3.1–3.9), cardiovascular with 1.4 (95% CI, 1.2–1.6), 
psychiatric with 1.1 (95% CI, 0.9–1.4), liver/gastrointestinal 
with 1.1 (95% CI, 1.0–1.4), and neoplasm excluding AIDS-
defining cancer with 0.9 (95% CI, 0.7–1.1) (Supplementary 
Table 2).

After standardizing rates for the 10 most frequent diagnostic 
categories to the 2010 age, CD4 count, and VL distribution 
(Figure 2), we observed decreases in hospitalization rates for 
all-cause, cardiovascular, and AIDS-defining conditions, and 
rates for other causes appeared stable. Similar to these visual 
trends, in partially adjusted models (Table 2), hospitalization 
rates decreased over time for all-cause (annual change −1% 
[95% CI, −2% to 0%]; P < .01), cardiovascular (−4% [95% CI, 
−6% to −2%]; P < .01), and AIDS-defining conditions (−7% 
[95% CI, −10% to −5%]; P < .01). Partially adjusted trends 
were stable for most other diagnostic categories. In fully ad-
justed models, most calendar time trend estimates were similar 
to partially adjusted estimates (Table 2). However, in fully ad-
justed analyses, hospitalization rates for non-AIDS–defining 
infections increased 2% annually (95% CI, 0%–3%; P < .05). 
For most diagnostic categories, higher hospitalization rates 
were associated with older age, lower CD4 counts, and detect-
able VL (Supplementary Table 3). Estimates in all sensitivity 
analyses were similar to the main findings (Supplementary 
Tables 4–8).
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DISCUSSION

In this study of PWH in care from 2005 to 2015, despite a 6-year 
median age increase, unadjusted all-cause hospitalization rates 
decreased from 22 to 13 hospitalizations per 100 person-years. 
Unadjusted rates decreased for most diagnostic categories as 
well, with AIDS-defining conditions decreasing to the greatest 
extent. Hospitalizations for non-AIDS–defining infections ac-
counted for 25% of all hospitalizations and mostly comprised 
diagnoses of sepsis/bacteremia, bacterial pneumonia, and 
cellulitis/cutaneous abscess. In fully adjusted analyses, rates 
decreased over time for all-cause, cardiovascular, and AIDS-
defining conditions, increased for non-AIDS–defining infec-
tions, and remained stable for other categories.

After adjusting for changes in age, CD4 count, and viral load 
over time, decreases in unadjusted hospitalization rates were at-
tenuated or no longer present. The substantial improvements 
in immunologic and virologic status in our study sample might 
be partly attributed to the use of safer, more potent ART. After 
adjusting for these clinical characteristics as well as demo-
graphics, we still observed rate decreases for all-cause, cardio-
vascular, and AIDS-defining conditions, indicating other factors 
may also be contributing to decreasing hospitalization rates. 
For example, increased awareness of cardiovascular, renal, and 

metabolic comorbidities among PWH, along with better evi-
dence for treating and managing these conditions in the context 
of ART, might have led to more aggressive comorbidity man-
agement, and fewer cardiovascular hospitalizations [24, 25]. 
Among patients with cardiovascular risk, decreasing use of 
agents with cardiovascular toxicity, such as lopinavir/ritonavir 
and, potentially, abacavir, might have contributed to reducing 
hospitalizations, though any impact would likely be small con-
sidering the estimated cumulative effects of these agents [26]. 
It is also possible that prevention efforts among PWH led to 
decreases in smoking over the study period, but smoking was 
not captured in this study [27]. Finally, earlier HIV diagnosis 
and ART initiation could have led to decreased AIDS and non-
AIDS morbidity. However, adjusting for lowest known CD4 
count, a marker of prior disease progression, did not appreci-
ably affect our estimates.

The decrease in unadjusted all-cause hospitalization rates 
observed in this study through 2015 extends prior large HIV 
cohort studies showing rate decreases during the mid- to late 
2000s and is consistent with trends from more recent work 
among persons with HIV in the southeastern United States and 
Italy [14, 16, 17, 19, 28]. The 2015 all-cause hospitalization rate 
in our study is similar to the Italian estimate but substantially 
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lower than rates observed in North Carolina, New York City, 
and a multisite US study in similar time periods (22, 37, and 
20 hospitalizations per 100 person-years, respectively) [18, 19, 
29]. However, the New York City study estimated population-
based rates among all PWH rather than our estimates based on 
patients receiving HIV clinical care. These discrepancies might 
also be attributable to population differences such as demo-
graphics, socioeconomic status, and insurance coverage.

Unlike prior studies, we did not find an increase in hospitaliza-
tion rates for cardiovascular, renal/genitourinary, or pulmonary 
conditions [14, 15, 17]. It is possible that our study population 
had a different prevalence of smoking or comorbidities. Older, 
more toxic ART regimens might have also contributed to hos-
pitalizations in those studies. Our findings do extend earlier 
reports of decreasing rates for AIDS-defining conditions and 
most other diagnostic categories [14, 15, 17]. Previous studies 
in the United States and Canada, mostly with data prior to 2010, 
have also shown that non-AIDS–defining infections made up 
a large proportion of discharge diagnoses among hospitalized 
PWH [17, 29, 30].

In both the United States and Canada, hospitalization rates 
in the general population, based on national inpatient data 
and population estimates, remained relatively stable during 
our study period [31, 32]. Similarly, a study of adults aged 
19–64 years in 7 US states reported stable hospitalization rates 
between 2012 and 2015, irrespective of Medicaid expansion 
[33]. Among Medicare beneficiaries, there was a small decrease 
in hospitalization rates from 2004 to 2017 of 1.4% annually [34]. 
In the Veterans Aging Cohort Study, hospitalization rates de-
creased for the period 2005–2011 among persons with HIV but 
were stable for those without HIV [20]. While it is possible that 
some factors that led to hospitalization rate decreases among 
Medicare recipients also affected rates among PWH, overall this 
evidence suggests that factors external to HIV care are unlikely 
to have contributed substantially to the trends we observed in 
this study.

The large proportion of hospitalizations due to non-AIDS–
defining infections and the small rate increase for this category 
in fully adjusted analyses are important findings. Possible ex-
planations including immune dysfunction, comorbidities, and 
risk factors such as IDU. Although median CD4 counts and 
viral suppression rates improved in our overall study sample, 
patients with poorly controlled HIV or persistently low CD4 
counts remain at risk of developing infections [35–37]. Patients 
with immunosenescence, including altered T-cell subsets, 
might also be at higher infection risk [38]. Another possible 
contributor to hospitalizations for sepsis/bacteremia and cel-
lulitis/cutaneous abscess is IDU, with 13% of our sample re-
porting a history of IDU. While we did not have data on current 
IDU, opioid and methamphetamine epidemics in this region 
might have contributed to IDU during the study period [39]. 
Counseling and resources should continue to be provided to 

patients to support harm reduction practices and treatment for 
substance use disorders. In addition, chronic obstructive pul-
monary disease (COPD), tobacco smoking, high alcohol intake, 
and opioid use, even when medically appropriate, can play a 
role in incidence and severity of bacterial pneumonia and may 
be contributing to hospitalizations [40, 41]. Close to one-half of 
PWH in care in the United States were current smokers in 2009 
[12]. COPD prevalence is substantial among PWH, with several 
US estimates as high as 15%–25% [42]. Finally, diabetes mel-
litus and obesity are common among North American PWH 
and are also risk factors for infections [8, 43]. Infection preven-
tion and treatment, including vaccination against influenza and 
pneumonia, should be emphasized in HIV care. Future studies 
should further examine drivers of infection-related hospitaliza-
tions among PWH.

The findings of this study have several important implica-
tions for the clinical management of PWH. Earlier data had 
raised concerns that hospitalization rates would increase due 
to cumulative end-organ damage from long-term HIV infec-
tion, antiretroviral exposure, or both [17]. Our results suggest 
that, even in aging cohorts, improvements in viral suppres-
sion and immune recovery have contributed to reductions in 
hospitalization for both AIDS-defining illness and non-AIDS 
comorbidities. To reduce hospitalization burden further among 
PWH, continued efforts should aim to support uninterrupted 
care engagement and ART adherence, by addressing social 
and clinical barriers such as homelessness, food insecurity, 
lack of transport to clinic, poor insurance coverage, substance 
use, and other mental health disorders. Secondly, while we did 
not examine what specific health care patients received in the 
ambulatory setting, clinical efforts targeting both HIV and 
comorbidities may become increasingly important to minimize 
the need for inpatient care.

The strengths of this study include data on both HIV history 
and hospitalizations, over 11  years from 5 cohorts across the 
United States and 1 cohort in Canada. In addition, the period 
of analysis spans several recent important changes in HIV man-
agement, namely the expansion of ART to all PWH and the 
uptake of more potent, less toxic, and more convenient ART 
regimens. However, we did not examine some important fac-
tors that might affect hospitalization risk, such as comorbidities, 
obesity, vaccination status, smoking, and other substance use. 
Hospitalization rates in our study could be slightly underesti-
mated due to hospitalizations occurring at external sites, al-
though a previous analysis showed that these missing events are 
unlikely to affect calendar time trends [44]. Another potential 
limitation is that we used 400 copies/mL as the threshold of 
viral suppression to accommodate the different LLQs of assays 
in this study. This approach could have overestimated viral sup-
pression and failed to capture low-level viremia, which is as-
sociated with morbidity and mortality [45]. We did not treat 
mortality as a competing risk in our analyses, as mortality rates 
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are less than 5 deaths per 100 person-years in this region for 
PWH engaged in care [46].

Our findings may not be generalizable to all PWH in the 
United States and Canada. In 2010, our study sample included 
higher proportions of patients who were White (43% vs 33%), 
cisgender men (79% vs 75%), and younger than 45 years (50% 
vs 45%), compared to PWH in the United States that year [47]. 
In addition, PWH who are not engaged in care are likely at 
higher risk of hospitalization. Future studies should examine 
hospitalization rates among patients who are not in care and 
across subpopulations of PWH, for example demographic 
and geographic differences in trends. Finally, our data extend 
through 2015, and hospitalization rates should continue to be 
assessed as PWH age and HIV management evolves.

In conclusion, unadjusted rates of hospitalization among 
PWH in care decreased for all-cause and most diagnostic 
categories between 2005 and 2015 in the United States and 
Canada, largely driven by improvements in viral suppression 
and CD4 cell counts, and in spite of increasing patient age. 
After adjustment for demographics and HIV clinical charac-
teristics, rates were still decreasing for all-cause, cardiovascular, 
and AIDS-defining conditions, likely due to better awareness 
and evidence for managing comorbidities among PWH. Future 
efforts to reduce hospitalizations among PWH should focus on 
addressing barriers to care engagement and on managing risk 
factors for non-AIDS morbidity, particularly infections.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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