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Background. Hospital readmission trends for persons with human immunodeficiency virus (PWH) in North America in the
context of policy changes, improved antiretroviral therapy (ART), and aging are not well-known. We examined readmissions
during 2005-2018 among adult PWH in NA-ACCORD.

Methods. Linear risk regression estimated calendar trends in 30-day readmissions, adjusted for demographics, CD4 count,
AIDS history, virologic suppression (<400 copies/mL), and cohort.

Results. We examined 20 189 hospitalizations among 8823 PWH (73% cisgender men, 38% White, 38% Black). PWH
hospitalized in 2018 versus 2005 had higher median age (54 vs 44 years), CD4 count (469 vs 274 cells/uL), and virologic
suppression (83% vs 49%). Unadjusted 30-day readmissions decreased from 20.1% (95% confidence interval [CI], 17.9%-22.3%)
in 2005 to 16.3% (95% CI, 14.1%-18.5%) in 2018. Absolute annual trends were —0.34% (95% CI, —.48% to —.19%) in
unadjusted and —0.19% (95% CI, —.35% to —.02%) in adjusted analyses. By index hospitalization reason, there were significant
adjusted decreases only for cardiovascular and psychiatric hospitalizations. Readmission reason was most frequently in the same
diagnostic category as the index hospitalization.

Readmissions decreased over 2005-2018 but remained higher than the general population’s. Significant decreases
after adjusting for CD4 count and virologic suppression suggest that factors alongside improved ART contributed to lower
readmissions. Efforts are needed to further prevent readmissions in PWH.

Keywords. HIV; aging; healthcare utilization; hospitalization; readmission.

Conclusions.

Preventing hospital readmissions is a major focus of clinical
care and health policy in the United States (US) and Canada.
In the US, persons with human immunodeficiency virus
(PWH) have previously been shown to have frequent hospital
readmissions. Nationwide studies with data through 2011 re-
ported 30-day readmission rates close to 20% among PWH,
without human

compared with 11% among people
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immunodeficiency virus (HIV) [1, 2]. More recent studies
among PWH have examined readmissions in a single US state,
or among at-risk subgroups such as PWH with substance use
[3-5], but little is known about contemporary readmission
rates among all PWH.

Yet, changes in health policy and in the clinical and demo-
graphic characteristics of PWH in North America might have af-
fected readmissions. In 2010, the US Patient Protection and
Affordable Care Act (ACA) created the Hospital Readmissions
Reduction Program (HRRP), which introduced financial penalties
from the Centers for Medicare and Medicaid Services (CMS) for
hospitals with higher-than-expected readmissions among
Medicare beneficiaries for certain conditions, leading to a decrease
in readmissions in this population [6]. PWH might have benefited
from HRRP-associated readmission prevention efforts, as 35% of
their hospitalizations are covered by Medicare [7], and benefits
also extend to inpatients covered by other payers and hospitalized
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for nontarget conditions [6, 8, 9]. In addition, some hospitals have
identified PWH as a priority population for readmission preven-
tion interventions [10]. The ACA-associated increase in the pro-
portion of PWH with health insurance coverage, which enables
access to outpatient care, could also have contributed to lower re-
admissions [11].

The clinical and demographic profile of PWH in the US and
Canada has also changed in recent years. The expansion of an-
tiretroviral therapy (ART) to all PWH and earlier ART initia-
tion, with more effective and less toxic regimens, have
improved virologic suppression rates and CD4 cell counts, de-
creased AIDS-defining illness and mortality rates, and in-
creased life expectancy for PWH [12-15]. As a result, the
population of PWH in the US and Canada is aging, with an in-
creasing comorbidity burden [16-18]. Reflective of these
trends, PWH hospitalized in recent years are older, have higher
CD4 counts, and are more likely to be virologically suppressed
and hospitalized for non-AIDS-related reasons [19, 20]. While
greater virologic suppression rates, higher CD4 counts, and less
frequent AIDS-related hospitalizations could lower readmis-
sions, older age and a higher prevalence of comorbidities could
contribute to higher readmissions. In the context of health pol-
icy and HIV care changes, we examined readmission trends
from 2005 to 2018 in a large HIV cohort collaboration in the
US and Canada.

METHODS

Data Source and Study Population

This study was based in the North American AIDS Cohort
Collaboration on Research and Design (NA-ACCORD), a con-
sortium of cohorts following PWH aged >18 years linked to
care, defined as having >2 visits in a 12-month period [21].
We included 6 clinical cohorts based at academic centers and in-
tegrated health systems (5 in the US, 1 in Canada) that collected
hospitalization data from 2005 to 2018, including admission
and discharge dates and discharge diagnoses. Hospitalization
data were captured from the electronic health records of each
cohort’s medical system. Each site’s institutional review board
(IRB) approved data collection, and the University of North
Carolina IRB approved this secondary analysis.

We examined index hospitalizations between 1 January 2005
and 30 November 2018, among PWH in care. Index hospitali-
zations were defined as having a live discharge and no hospital
discharge in the prior 30 days, that is, an index hospitalization
could not be a 30-day readmission. Being in care was defined as
having a CD4 count, HIV viral load (VL), or NA-ACCORD en-
rollment date in the 12 months prior to index hospitalization.

Study Measures
We categorized the top-ranked discharge International
Classification of Diseases, Ninth Revision (ICD-9) diagnosis

codes using Clinical Classifications Software (CCS) [22]. Any
ICD, Tenth Revision (ICD-10) codes were back-converted to
ICD-9 prior to categorization using General Equivalence
Mappings from CMS [23]. As in prior analyses, we modified
the CCS to create a separate category for AIDS-defining illness
(including opportunistic infections and AIDS-defining can-
cers) and to reassign infections from organ systems to a
non-AIDS-defining infections category [2, 19, 20, 24]. Using
a previously validated approach, if the top-ranked diagnosis
code was for HIV or chronic hepatitis C virus infection, the
second-ranked code was used [25, 26].

The primary outcome of interest was 30-day readmission,
defined as a hospital admission within 30 days of the index hos-
pitalization discharge. The covariates of interest were gender,
race/ethnicity, age, HIV acquisition risk factor, CD4 count,
VL, history of AIDS-defining illness, and NA-ACCORD co-
hort, all measured on index hospital admission date. For CD4
count and VL, we used the closest measurement in the year pri-
or to and including index hospital admission date. In a sensitiv-
ity analysis, we used only measurements prior to admission
date, if available, to avoid capturing changes due to acute ill-
ness. In another sensitivity analysis, we only included index
hospitalizations that had an available CD4 count and VL mea-
surement in the 6 months prior to and including index hospital
admission date.

Statistical Analysis

We estimated the probability of hospital readmission within
30 days of index hospitalization discharge. We used linear
risk models to estimate the absolute change per year in read-
mission probability, with hospital discharge year as a linear var-
iable. We used generalized estimating equations to account for
PWH contributing >1 index hospitalization. We estimated
unadjusted trends and trends adjusted for all aforementioned
covariates. For modeling, we created categories for age (<40,
40-49, 50-59, >60 years), CD4 count (<50, 50-200, 201-350,
351-500, >500 cells/uL), and VL (<400 or >400 copies/mL).
We used 400 copies/mL as a threshold for VL to account for
the limit of quantification of some assays used at the beginning
of the study period. In adjusted analyses, we excluded index
hospitalizations missing CD4 count (1.8%) or VL (2.2%), and
those among transgender PWH (<1%) due to the very small
sample size leading to model nonconvergence issues.

To examine readmissions by reason for index hospitaliza-
tion, we estimated the unadjusted probability of 30-day read-
mission stratified by index diagnostic category for the 10
most frequent categories. To facilitate comparisons between
categories, we adjusted for differences in PWH characteristics
between categories and over time by standardizing the 30-day
readmission probability for each category to the distribution
of covariates of all index hospitalizations in 2012, the midpoint
of the study period. We standardized only by age, CD4 count,
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and VL, to have sufficient sample size in each stratum. We ob-
tained 95% (CIs) for standardized
estimates using a nonparametric bootstrap with 200 repli-

confidence intervals
cates [27]. We estimated unadjusted and adjusted calendar
time trends by index diagnostic category, using the same mod-
eling approach as for all-cause hospitalizations. For index hos-
pitalizations with a 30-day readmission, we also described the
distribution of diagnostic categories for the first readmission.

We evaluated the potential impact of competing mortality
risk on our analyses by describing mortality within 30 days of
index discharge and examining a composite endpoint of hospi-
tal readmission or mortality within 30 days of index discharge.
Because we could not differentiate planned and unplanned re-
admissions, we also conducted a sensitivity analysis excluding
index hospitalizations in the non-AIDS-defining cancer catego-
ry, which might have higher planned readmissions for chemo-
therapy. In analyses stratified by diagnostic category, linear risk
models did not converge for several categories. Therefore, we
also conducted an analysis using Poisson regression models
to estimate the relative instead of absolute calendar time trends
by category. All analyses were conducted in SAS version 9.4
software (SAS Institute, Cary, North Carolina) with a prespec-
ified a of .05.

RESULTS

Study Sample

There were 20 189 index hospitalizations among 8823 PWH,
who contributed a median of 1 index hospitalization per person
(interquartile range [IQR], 1-3). Of the hospitalized PWH, 73%
were cisgender men, 38% were White, and 38% were Black
(Table 1). Compared with PWH hospitalized in 2005, those
hospitalized in 2018 were older (median age, 54 vs 44 years),
had a higher CD4 count (median, 469 vs 274 cells/pL), and
were more likely to have a VL <400 copies/mL (83% vs 49%).
For both CD4 counts and VLs, measurements were taken a me-
dian of 1.6 months (IQR, 0.5-3.2 months) prior to index hos-
pital admission, with 91% measured <6 months prior.

Readmissions Over Time

Over the study period, 3554 of 20 189 index hospitalizations had
a 30-day readmission, a probability of 17.6% (95% CI, 17.0%-
18.2%) (Table 2). The unadjusted probability decreased from
20.1% (95% CI, 17.9%-22.3%) in 2005 to 16.3% (95% CI,
14.1%-18.5%) in 2018, with an absolute change of —0.34% per
year (95% CI, —.48% to —.19%) (Figure 1). After adjusting for
age, gender, race/ethnicity, HIV risk group, history of
AIDS-defining illness, most recent CD4 count and VL at admis-
sion, and NA-ACCORD cohort, the absolute change was
—0.19% per year (95% CI, —.35% to —.02%). In this adjusted
model (Table 3), compared with PWH with CD4 count
>500 cells/uL, the increase in absolute risk was 10.14% (95%

Table 1. Characteristics of Persons With HIV With an Index
Hospitalization in 6 Cohorts of the North American AIDS Cohort
Collaboration on Research and Design (NA-ACCORD), 2005-2018

PWH PWH
All Hospitalized  Hospitalized Hospitalized
PWH in 2005 in 2018
Characteristic® (N =8823) (n=1002) (n=962)
Gender
Cisgender men 6448 (73) 707 (71) 718 (75)
Cisgender women 2295 (26) 290 (29) 229 (24)
Transgender persons 80 (1) 5 (<1) 15 (2)
Race/ethnicity
White 3355 (38) 367 (37) 365 (38)
Black 3309 (38) 398 (40) 405 (42)
Hispanic 1412 (16) 157 (16) 141 (15)
Other or missing 747 (8) 80 (8) 51 (5)
Age, y, median (IQR) 47 (39-55) 44 (38-51) 54 (45-61)
HIV risk group
MSM 3652 (41) 394 (39) 409 (43)
IDU 1705 (19) 245 (24) 173 (18)
Heterosexual, other, 3466 (39) 363 (36) 380 (40)
or missing
CD4 count, cells/uL, 382 (183-603) 274 (120-473) 469 (263-728)
median (IQR)
HIV RNA <400 copies/mL 5483 (62) 495 (49) 795 (83)
History of AIDS-defining 3202 (36) 476 (48) 413 (43)
condition
Enrolled in US-based cohort 7952 (90) 925 (92) 854 (89)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HIV, human immunodeficiency virus; IDU, injection drug use; IQR,
interquartile range; MSM, men who have sex with men; PWH, persons with human
immunodeficiency virus; US, United States.

2For PWH with >1 index hospitalization, characteristics for the first index hospitalization are
displayed.

CIL, 7.53%-12.74%), 5.52% (95% CI, 3.70%-7.35%), 2.53%
(95% CI, .93%-4.12%), and 1.48% (95% CI, —.07% to 3.03%)
for those with CD4 count <50, 51-200, 201-350, and 351-500,
respectively. Older age and a history of AIDS-defining illness
were also associated with a greater readmission probability, while
race/ethnicity, HIV risk factor, and other covariates were not as-
sociated with readmission (Table 3).

Mortality within 30 days of index discharge was stable across
the study period, with 1.7% (95% CI, 1.3%-2.1%) in 2005-2007,
2.0% (95% CI, 1.6%-2.4%) in 2008-2010, 1.6% (95% CI,
1.3%-1.9%) in 2011-2014, and 1.8% (95% CI, 1.4%-2.1%) in
2015-2018. Findings when using a composite endpoint of read-
mission or death within 30 days of discharge, and for other
sensitivity analyses, were identical or similar to the primary
findings (Supplementary Table 1).

Readmissions by Reason for Index Hospitalization

Among the 10 most frequent diagnostic categories of index
hospitalization (together comprising 83% of all index hospital-
izations), the unadjusted probability of 30-day readmission
ranged from 15.1% (95% CI, 14.1%-16.1%) for index hospital-
izations due to a non-AIDS-defining infection, to 26.2% (95%
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Table 2. Probability and Calendar Time Trends for 30-Day Hospital Readmission Over Calendar Years 2005-2018, by Diagnostic Category of Index

Hospitalization

Probability of 30-Day Readmission,

% (95% Cl) Absolute Change per Year, % (95% Cl)
Diagnostic Category?® No. (%) Unadjusted Standardized® Unadjusted® Adjusted®
All-cause 20189 (100) 17.6 (17.0-18.2) NA —0.34 (-.48to -.19) —0.19 (-.35 to —.02)
Non-AIDS-defining infection 5306 (26) 15.1 (14.1-16.1) 14.4 (13.6-15.3) -0.27 (-.562 to —.01) —0.20 (-.47 to .07)
Cardiovascular 2157 (11) 18.5(16.7-20.2) 18.4 (16.8-20.0) —0.46 (-.91 to —.02) —0.47 (-.94 to —.01)
Liver/gastrointestinal 1814 (9) 17.5(15.6-19.3) 17.8(15.9-19.3) -0.15 (-.63 t0 .32) —0.06 (-.58 to .4b)
Psychiatric 1659 (8) 15.9 (14.0-17.7) 17.3 (15.5-19.2) —0.37 (-.83 to0 .08) —0.46 (—.92 to —.00)
Injury 1028 (5) 20.3 (17.8-22.9) 20.6 (18.2-22.6) —0.65 (-1.35 to .05)
AIDS-defining illness 1024 (5) 26.2 (23.5-28.9) 27.0 (22.7-31.2) 0.14 (-.56 to .84) 0.22 (-.51 to .96)
Non-AlIDS-defining cancer 1007 (5) 24.5 (21.8-27.3) 24.5 (22.1-27.4) -0.38 (-1.15t0 .39)
Renal/genitourinary 1005 (5) 18.2 (15.8-20.6) 17.8 (15.6-19.4) -0.18 (-.78 t0 .43)
Pulmonary 946 (5) 17.7 (15.1-20.2) 16.3 (14.4-18.3) -0.12 (-.74 to .50)
Endocrine/metabolic 908 (4) 18.7 (16.1-21.3) 19.1 (16.4-21.3) —0.32 (-.98 to .34) —0.06 (-.77 to .64)

Numbers not displayed could not be estimated due to model nonconvergence.

Abbreviations: Cl, confidence interval; NA, not applicable.

?For each index hospitalization, the top-ranked discharge diagnosis was categorized using modified Clinical Classifications Software [22].

PProbabilities for each category were standardized to the age, CD4 count, and human immunodeficiency virus (HIV) viral load distribution of all index hospitalizations in 2012. The nonparametric

bootstrap with 200 replicates was used to obtain 95% Cls.

°Estimated using a separate linear risk model for each category, with generalized estimating equations (GEEs) to account for persons with HIV contributing >1 readmission to the analysis.

Models include only calendar year, as a linear variable.

dEstimated using separate linear risk models with GEEs, adjusted for age, gender, race/ethnicity, HIV acquisition risk factor, history of AIDS-defining iliness, CD4 count, HIV viral load, and North
American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) cohort, all measured at index hospital admission.

X 30 Absolute change per year

= Unadjusted: —0.34% (95% Cl, —.48% to —.19%)

o 25 Adjusted: —0.19% (95% Cl, —.35% to —.02%)

@

é 20—+

o

8 15

(n'd

Q 10

Q

£ O

=

= O o I I I I I I I
2005 2007 2009 2011 2013 2015 2017

Calendar Year

Index hosps. 1306 1469 1519 1579 1537 1473 1424

Figure 1. Unadjusted probability of 30-day hospital readmission over time, with
unadjusted and adjusted calendar time trends and 95% confidence intervals (Cls).
Shaded area is the 95% confidence band. The covariates in the adjusted model
are age, gender, race/ethnicity, human immunodeficiency virus (HIV) acquisition
risk factor, history of AIDS-defining illness, CD4 count and HIV RNA viral load, and
North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD)
cohort.

CI, 23.5%-28.9%) for index hospitalizations due to an
AIDS-defining illness (Table 2). When standardized to the
age, CD4 count, and VL distribution of 2012, readmission
probabilities were similar to unadjusted estimates, ranging
from 14.4% (95% CI, 13.6%-15.3%) for index hospitalizations

due to a non-AIDS-defining infection to 27.0% (95% ClI,
22.7%-31.2%) for
AIDS-defining illness. In the most recent calendar period,

index hospitalizations due to an

2015-2018 (Supplementary Table 2), unadjusted readmissions
remained highest for index hospitalizations due to an
AIDS-defining illness (26.2% [95% CI, 19.2%-33.1%]), fol-
lowed by index hospitalizations due to non-AIDS-defining can-
cer (23.1% [95% CI, 17.7%-28.5%]).

We observed an unadjusted decrease over time in readmissions
only for index hospitalizations in the non-AIDS-defining infec-
tion and cardiovascular categories, with absolute changes per
year of —0.27% (95% CI, —.52% to —.01%) and —0.46% (95%
CI, —.91% to —.02%), respectively (Table 2). In adjusted analyses,
there was a significant decrease in readmissions only for index
hospitalizations in the cardiovascular and psychiatric categories,
with an absolute change of —0.47% per year (95% CI, —.94% to
—.01%) and —0.46% per year (95% CI, —.92% to —.00%), respec-
tively. Adjusted trends could not be estimated for 4 of the 10 cat-
egories due to model nonconvergence. When using Poisson
regression to estimate relative instead of absolute trends, we
were able to estimate unadjusted and adjusted trends for all 10 cat-
egories (Supplementary Table 3). Unadjusted findings were sim-
ilar to the primary analysis. In adjusted models, we observed a
significant decrease in readmissions only for index hospitaliza-
tions in the cardiovascular category.

For 9 of the 10 examined categories, the most frequent diag-
nostic category of the first 30-day readmission was the same as
the index hospitalization, accounting for 24%-53% of
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Table 3. Adjusted Risk Differences and 95% Confidence Intervals for the
Probability of 30-Day Readmission

Characteristic? Adjusted Risk Difference, % (95% CI)®

Hospitalization year, by 1-y increase -0.19 (-.35 to —.02)
Gender
1 (ref.)

—-0.31(-1.92 to 1.31)

Cisgender men
Cisgender women
Race/ethnicity

Black —0.88 (—2.54 to .78)

White 1 (ref.)

Hispanic 0.26 (-1.70 t0 2.22)

Other 2.62 (0.00-5.24)
Age,y

<40 1 (ref.)

40-49 1.09 (-.61 t0 2.80)

50-59 2.42 (.64-4.20)

>60 3.28 (1.26-5.30)
HIV risk group

MSM 1 (ref.)

IDU 0.63 (=1.14 to 2.40)

Heterosexual/other 0.02 (-1.68 to 1.72)
CD4 count, cells/uL

<50 10.14 (7.563-12.74)

50-200 5.562 (3.70-7.35)

201-350 2.53(.93-4.12)

351-500 1.48 (-.07 to 3.03)

>500 1 (ref.)

0.99 (-.48 t0 2.47)
3.34 (2.09-4.60)

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; IDU, injection
drug use; MSM, men who have sex with men.

HIV RNA >400 vs <400 copies/mL
History of clinical AIDS, yes vs no

#For CD4 count and HIV RNA viral load, we used the closest measurement in the year prior
to and including hospital admission date.

SEstimates and 95% Cls from a single linear risk regression model including all variables in
the table and North American AIDS Cohort Collaboration on Research and Design
(NA-ACCORD) cohort.

(Table 4,
Non-AIDS-defining infection was a frequent reason for read-

readmissions Supplementary  Figure 1).
mission across index hospitalization categories, accounting
for 12%-26% of readmissions. Sepsis/bacteremia was the
most frequent diagnosis in the non-AIDS-defining infection
category, for both index hospitalizations and readmissions

(Supplementary Tables 4 and 5).

DISCUSSION

Unadjusted 30-day hospital readmissions decreased among
PWH in care in the US and Canada, from 20% in 2005 to
16% in 2018. In adjusted analyses, we found a significant de-
crease in readmissions for all-cause index hospitalizations
and for index hospitalizations due to cardiovascular and psy-
chiatric conditions. Index hospitalizations for AIDS-defining
illness and for non-AIDS-defining cancer had the highest prob-
ability of readmission, including in the most recent calendar
period. Overall, the diagnostic category of readmission was fre-
quently concordant with the index hospitalization category.

Several studies have examined readmissions among PWH
engaged in care in North America. For all-cause hospitaliza-
tions, the readmission rate was 19.3% during 2005-2010 in
the HIV Research Network, and 18.9% during 1996-2016 in
a North Carolina HIV cohort [2, 3], which are similar to the es-
timates in the earlier part of our study period. In addition, sev-
eral studies have reported population-based readmission rates
for PWH, with 19.7% in 2011 in 9 US State Inpatient
Databases (SID), 21.8% in 2012 in New York State, and
18.7% in 2011 at an urban medical center in Texas [1, 4, 28].
Our study provides the most recent readmission estimates for
PWH, with data through 2018 from 5 cohorts across the US
and 1 in Canada. In contrast to our findings, there was no ev-
idence of change in readmissions in the HIV Research Network
(HIVRN) from 2005 to 2010 or the North Carolina cohort from
1996 to 2016 [2, 3]. It is possible that a larger sample size was
necessary to estimate with precision a relatively small change
in readmissions year-to-year. In the HIVRN and SID studies,
AIDS-defining illness and cancer hospitalizations had the high-
est readmission rates, similar to our findings [1, 2].

The decline in readmissions among PWH has several poten-
tial explanations. First, we observed a substantial increase in vi-
rologic suppression and CD4 counts among hospitalized PWH
over the study period. Unsuppressed VLs and lower CD4 counts
are strong risk factors for hospitalization and readmission, in-
cluding for non-AIDS-related admissions [1-3, 19, 20, 24, 29].
In this study, having a CD4 count <50 cells/uL was associated
with an adjusted absolute increase of 10% in readmission.
There was also a shift during our study period in the distribution
of hospitalization causes among PWH, with a decreasing pro-
portion of hospitalizations due to an AIDS-defining illness, a di-
agnostic category with a high readmission rate, and increasing
proportions in other diagnostic categories with lower readmis-
sion rates [1, 2, 20]. Earlier HIV diagnosis, the expanded recom-
mendation of ART initiation to all PWH, and use of newer,
more effective regimens, which led to increased virologic sup-
pression rates and CD4 counts, likely contributed to the de-
crease in hospital readmissions.

Since we found significant readmission declines for all-cause
index hospitalizations and index hospitalizations in the cardio-
vascular and psychiatric categories, even after adjusting for
CD4 count and viral load, it is likely that other factors also con-
tributed to these trends. Improvements in inpatient and postdi-
scharge care, including discharge planning, patient education,
and outpatient follow-up, might have decreased readmissions,
especially for specific target conditions. Among Medicare ben-
eficiaries aged >65 years in the general population, readmis-
sions decreased following the passage of the ACA for index
admissions due to myocardial infarction (MI) and heart failure,
the most frequent cardiovascular discharge diagnoses for PWH
[6, 20]. While it does not have an HRRP-like program, Canada
also experienced a decrease in readmissions after MI and heart

Hospital Readmissions in PWH « JID 2023:228 (15 December) « 1703


http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad396#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad396#supplementary-data

Table 4. Distribution of Diagnostic Categories of 30-Day Readmissions, by Index Hospitalization Diagnostic Category

Diagnostic Category of the First 30-Day Readmission, by Frequency?®

Index Diagnostic Category?® No. First Most Frequent

Second Most Frequent Third Most Frequent

Non-AIDS-defining infection 802 Non-AIDS-defining infection (46 %)

Cardiovascular 398 Cardiovascular (52 %)
Liver/gastrointestinal 317 Liver/gastrointestinal (39%)
AIDS-defining illness 268 AIDS-defining iliness (41%)
Psychiatric 263 Psychiatric (63%)
Non-AlIDS-defining cancer 247 Non-AlIDS-defining cancer (46%)
Injury 209 Injury (36%)

Renal/genitourinary 183 Renal/genitourinary (24 %)
Endocrine/metabolic 170 Non-AIDS-defining infection (25%)
Pulmonary 167 Pulmonary (41%)

AIDS-defining illness (7%)
Non-AIDS-defining infection (12 %)

Liver/gastrointestinal (6 %)

Renal/genitourinary (5%)
Symptoms (5%)

Non-AIDS-defining cancer (5%)
Cardiovascular (5%)

Non-AlDS-defining infection (26%)

Non-AIDS-defining infection (19%) Pulmonary (5%)

Renal/genitourinary (5%)
Injury (7%)
Liver/gastrointestinal (6%)
Non-AlDS-defining infection (15%)
Metabolic/endocrine (8%)
Psychiatric (8%)
Cardiovascular (10%)

Non-AlDS-defining infection (14 %)
Non-AlIDS-defining infection (17 %)
Psychiatric (19%)
Non-AIDS-defining infection (21%)
Metabolic/endocrine (25%)
Non-AlDS-defining infection (15%)

aFor each hospitalization, the top-ranked discharge diagnosis was categorized using modified Clinical Classifications Software [22].

failure hospitalizations during this period [30, 31]. State/
province-level policies could also have played a role, such as fi-
nancial incentives for postdischarge care plans and visits in
British Columbia and Ontario [32, 33]. Importantly, the decline
in readmissions in our study occurred despite a 10-year in-
crease in the median age of hospitalized PWH.

The decline of almost 4 percentage points in 30-day readmis-
sions in our study represents an important improvement.
Among Medicare beneficiaries aged >65 years in the general
population, the crude readmission rate for all-cause hospitali-
zations decreased 1.4 percentage points from 2010 to 2016
[34]. For hospitals penalized by CMS, a 4-point decrease in re-
admissions for HRRP target conditions reflects sufficient im-
provement to withdraw the penalties [8, 9, 35]. For PWH,
who experience approximately 40 000 hospitalizations annually
in the US [7], a 4-point readmission decrease would translate to
the prevention of many acute events, substantial cost savings,
and fewer life disruptions.

Despite observed decreases, readmissions remain a con-
cern for hospitalized PWH. Our study’s readmission rate
of 16% in 2018 is similar to the 16% rate in 2016 for
Medicare beneficiaries >65, despite our study population
having a median age of 54 years [34]. For members of
the general population aged 45-64 years, the 2016 readmis-
sion rates (excluding maternal hospitalizations) were 20%,
11%, and 13% for those with Medicaid, private insurance,
and no insurance, respectively [34]. In the general popula-
tion aged >65 years in Ontario (mean age, 78 years), the
12.6% during 2008-2015 [36].
Comparison of estimates among PWH and the general

readmission rate was

population may be limited by differences in factors leading
to readmission, including clinical, health insurance, and
home life considerations. For example, clinicians may con-
sider HIV itself a risk factor for worse outcomes and be

more likely to admit or readmit based solely on HIV status.
Nonetheless, PWH appear to have a persistently elevated
readmission risk, consistent with the 2011 SID study,
which found higher readmissions for PWH than persons
without HIV across 9 US states [1].

Continued efforts are needed to further prevent readmissions
in PWH, particularly those with greater immunodeficiency (as
marked by low CD4 counts and history of AIDS-defining illness)
and unsuppressed VL. Readmissions in our study remained
>26% for index hospitalizations due to AIDS-defining illnesses
in 2015-2018 and unchanged from earlier calendar periods,
highlighting the severity of these conditions and underlying im-
munodeficiency. Future studies should examine whether read-
mission trends differ between clinical and demographic
subgroups, particularly racial/ethnic groups, as prior work as
shown that Black, Hispanic, and Indigenous PWH are more like-
ly to be hospitalized for AIDS-defining illnesses than White
PWH [37]. While race/ethnicity was not associated with read-
mission in our adjusted model, this study did not focus on eval-
uating readmission disparities by race and ethnicity, and more
work is needed in this area.

Strategies to reduce readmissions in PWH include support
for ART access and adherence, timely clinical follow-up postdi-
scharge, disease management education, postdischarge home
care visits, mental health and substance use disorder treatment,
and resources to address homelessness and other socioeconom-
ic barriers [1-3, 5, 28, 29, 38]. A multidisciplinary intervention
addressing medical, social, and care coordination needs in
PWH led to a 19% relative reduction in readmission odds [10].

Strengths and Limitations
A major strength of this study was the availability of 14 years of
administrative and clinical data from a multicenter consortium.

With a large sample size, we were able to examine calendar time
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trends for all-cause and cause-specific hospitalizations, and
the distribution of readmission causes. However, because
some NA-ACCORD cohorts only include hospitalizations
from their medical system, readmissions in our study could
be underestimated if PWH were readmitted to an outside hos-
pital. Studies among PWH and the general population suggest
that 20%-25% of readmissions occur at outside hospitals
[29, 39-41]. Future studies should investigate readmission
patterns among PWH, including same versus different hospital
readmission. We also did not have available data after 2018, and
studies should continue to monitor readmissions in more re-
cent years, which may have been impacted by recent trends
such as coronavirus disease 2019-related disruptions of care.
Finally, all PWH in our sample were engaged in care at academ-
ic medical centers or integrated health systems, and our find-
ings may not be generalizable to PWH in care in other
settings or those who are not in care.

CONCLUSIONS

In a large sample of PWH in the US and Canada, 30-day read-
missions decreased by 4 percentage points from 2005 to 2018.
Improvements in virologic and immunologic status were likely
the major drivers, but the trend persisted after adjusting for
these. Other potential contributors include improvements in
inpatient and postdischarge care for certain conditions, includ-
ing efforts driven by health policy. Despite improvements, re-
admissions remained elevated for PWH, especially for those
with AIDS-defining illnesses and lower CD4 counts, and addi-
tional efforts are needed to address medical and social needs
that contribute to readmission.

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 copy-
edited and are the sole responsibility of the authors, so ques-
tions or comments should be addressed to the corresponding
author.
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