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Abstract

Background: Hospital readmissions are common, costly and potentially preventable, including
among people with HIV (PWH). We present the results of an evaluation of a multicomponent
intervention aimed at reducing 30-day readmissions among PWH.

Methods: Demographics, socio-economic, and clinical variables were collected from the
electronic health records of people with HIV or cellulitis (control group) hospitalized at an urban
safety-net hospital before and after (September 2012 -December 2016) the implementation of a
multidisciplinary HIV transitional care team. After October 2014, hospitalized PWH could receive
a medical HIV consultation +/- a transitional care nurse intervention. The primary outcome was
readmission within 30 days of discharge to any hospital. Multivariate logistic regression and
propensity score analyses were conducted to compare readmissions before and after intervention
implementation in PWH and cellulitis.
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Results: Overall, among PWH, 329/2049 (16.1%) readmissions occurred before and 329/2023
(16.3%) occurred after the transitional care team intervention. After including clinical and social
predictors, the adjusted OR (aOR) of 30-day readmission for post-intervention PWH was 0.81
(95% C1 0.66-0.99, p= 0.04) whereas little reduction was identified for cellulitis (aOR 0.91
(95% C1 0.81-1.02, p= 0.10). A dose-response was not observed for receipt of different HIV
intervention components.

Conclusions: A multicomponent intervention reduced the adjusted risk of 30-day readmissions
in PWH, though no dose-response was detected. Additional efforts are needed to reduce overall
hospitalizations and readmissions among PWH including increasing HIV prevention, early
diagnosis and engagement in care and expanding the availability and spectrum of transitional
care services.
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Introduction

Hospital readmissions are common, costly and potentially preventable, directly impacting
the patient healthcare experience.:2 For these reasons, unplanned rehospitalizations within
30 days of discharge continue to be a key quality metric, with financial penalties

for hospitals with higher than expected readmissions.3# Nearly one-fifth of Medicare
beneficiaries experienced 30-day readmissions in a large national study.! In the US overall,
the cost of readmissions is approximately $26 billion, of which $17 billion is attributed

to avoidable readmissions.! Estimates vary as to the proportion of readmissions which are
avoidable, ranging from 5%-79%.5-8 Patients who report high satisfaction and good provider
communication during hospitalization are less likely to be readmitted,® whereas patients
who are readmitted are more likely to express dissatisfaction with physicians and staff
responsiveness.10

For people with HIV (PWH), despite the major impact of antiretroviral therapy (ART) on
reducing HIV-associated morbidity and mortality,!* admissions and readmissions remain

a common occurrence.1? The prevalence of 30-day readmissions for PWH range from
16%-25%,13-17 with more recent studies reporting lower readmission rates.16:18 Multiple
factors contribute to readmissions in PWH, including clinical predictors, such as AIDS-
defining illnesses, low CD4 count, mental health conditions, substance use, as well as

social factors, such as insurance status, homelessness and food insecurity.1415.18 Prior health
care utilization, such as emergency room visits and hospitalizations, contributes to higher
readmission risk, however, having an outpatient follow-up visit after discharge did not

lower readmission risk in an observational study of PWH.12 Protective factors may include
the patient-provider relationship (e.g. consistent medical provider between admission

and follow-up),1® and increased ART uptake.20 In contrast to many chronic illnesses
associated with high readmission rates (e.g. cirrhosis, chronic obstructive pulmonary
disease, congestive heart failure (CHF)), HIV can be treated with medications that not

only help control disease but which also help reverse immunosuppression. Given high

rates of potentially preventable readmissions among PWH (50%-55%),6:17 especially among
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individuals with AIDS or those not on ART, a unique opportunity exists for intervention to
avoid readmission and improve long term clinical outcomes.

Key elements of successful multicomponent interventions for reducing readmissions in the
general inpatient population include a patient needs assessment, medication reconciliation,
patient education, timely outpatient post-hospitalization appointment, and post-discharge
telephone follow-up?! as described in landmark studies.?2-24 Others have successfully
deployed predictive analytics, utilizing the electronic medical record to identify those at
highest risk for readmission, 2 as well as disease-specific models and interventions.26 In

our prior work, we have developed and validated an EMR-enabled prediction model for
readmissions among PWH,14.18 and have also explored patient and provider perspectives

on readmissions among PWH, highlighting intervention strategies to be implemented during
admission, at the time of discharge and post discharge.2” We build on this prior work to
develop and implement a multicomponent intervention to reduce readmissions among PWH.

With both a high prevalence and preventability of readmissions among PWH, as well as

the potential to improve clinical outcomes in this population, we aimed to evaluate the
impact of a multicomponent intervention for hospitalized PWH on 30-day readmissions in
an urban safety-net hospital in the South. In this paper, we (1) assess and describe the
characteristics of index admissions among PWH and among patients admitted with cellulitis,
who serve as a concurrent control group; (2) determine and compare the proportion of
30-day readmissions before and after implementation of the intervention; and (3) assess for
evidence of a dose-response effect of this multicomponent intervention on readmissions.

This study is an interrupted time-series study of a multidisciplinary transitional care

team (HIV physician specialist, transitional care nurse, and HIV care manager) targeting
medical and socio-behavioral contributors to hospitalization, implemented at a large urban
safety-net hospital in Dallas, TX beginning in October 2014. To evaluate the impact

of this intervention, data were collected from electronic health records (EHR) of PWH
hospitalized in the Parkland Health and Hospital System (PHHS) two years before and

after the implementation of the transitions team. In addition, EHR data were collected for

a comparison group of individuals with a diagnosis of cellulitis who were hospitalized at
PHHS during the same time period (September 1, 2012- December 30, 2016). Cellulitis was
chosen as a comparator group as it is a relatively common cause of readmission but there
have not been disease-specific readmissions reduction efforts directed at cellulitis (unlike for
congestive heart failure, acute myocardial infection and other conditions for which excess
readmissions carry a financial penalty from the Center for Medicare and Medicaid Services.*
Parkland is an 870-bed, urban, public hospital and the primary safety-net health system in
Dallas, TX. This study was approved by the UT Southwestern Medical Center Institutional
Review Board.

Data obtained from the EHR (Epic systems, Verona, WI) included all individuals with
a diagnosis of HIV (ICD-9 codes 042, VV08; ICD-10 codes B20, Z21; positive HIV test
result; or an HIV viral load > 20 copies/mL); aged 18 or older; who had an inpatient
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admission to PHHS between 9/1/2012 and 12/30/2016. In addition, data were also collected
for individuals with an inpatient admission during the same time period at PHHS who had
a diagnosis of cellulitis (ICD-9 codes 681, 682; ICD-10 code LO3) among their discharge
diagnoses. If a patient had both HIV and cellulitis they were included in the HIV group.

Variables collected included: demographics (age, sex, race, ethnicity, marital status, primary
language), socio-economic and behavioral variables (insurance status, homelessness,
substance use, mental illness), laboratory variables (including white blood cell (WBC)
count, creatinine and CD4 count/HIV viral load closest in time to admission and within

180 days for PWH), hospitalization characteristics (primary inpatient diagnoses, length of
stay, discharge status) and recent healthcare utilization (number of emergency room and
inpatient visits in preceding 12 months). Mental health was categorized into the following
categories: depression/suicidality/mania, anxiety, schizophrenia/psychosis, other/multiple
diagnoses based on 1CD-9/10 classification. Substance use was determined by urine drug
screen result.

In addition to the above, variables that were included in the previously published EHR

risk prediction model (e-model) for 30-day readmissions among HIV patientsl* were

also collected including history of AIDS-defining illness, bicarbonate (HCO3), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), hematocrit (HCT), PO2 (partial
pressure of oxygen), anion gap, absolute lymphocyte count and distance of residence from
hospital. For cellulitis, there was no existing e-model for 30-day readmission risk, though
variables cited in the literature as contributing to readmissions for cellulitis patients28:29
were collected as part of the baseline measures including age, insurance, creatinine, WBC
count, diabetes mellitus, venous insufficiency, homelessness, length of stay, prior ED visits
and prior hospitalization.

For PWH, similar to previously published methods, 1330 we determined the primary
admitting diagnosis using the first listed ICD-9/ICD-10 code assigned at discharge, unless

it was a code for HIV (042, B20, V08, Z21), in which case the second code was used.
Clinical Classification Software (CCS) was used to assign primary ICD-9 and ICD-10 codes
into one of 18 clinically meaningful categories 3! and modified as per previous studies. 13:30
We reassigned end-organ infections to the non-AlDS-related infection category and defined
a separate category for AIDS-defining illnesses.32 For the cellulitis group, the principal
diagnosis for admission was defined as the first listed discharge diagnosis.

The primary outcome for this study was 30-day readmission. The first hospitalization for
an individual during the study period was considered an index admission, following which
a subsequent admission within 30 days of discharge was considered a 30-day readmission.
Admissions occurring after 30 days were considered a new index admission. Encounters
during which the patient expired or left against medical advice were not eligible to be index
admissions. We identified readmissions to any hospital in North Texas utilizing information
from the Dallas Fort Worth Hospital Council Foundation which has inpatient claims data
from over 90 hospitals within a 100 mile radius of Dallas. All encounters labeled as elective
admissions, outpatient procedures/day surgeries, or outpatient visits were excluded.
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The multidisciplinary HIV transitions team, supported in part through the Center for
Medicare and Medicaid Services (CMS) 1115 waiver program, was implemented with the
goal of reducing 30-day hospital readmissions for hospitalized PWH and has been described
elsewhere.33 Members of the team address different aspects of patient care: medical (HIV
specialists and advanced practice providers), social (transitional care nurses, TCNs) and
care coordination (HIV case managers). The inpatient medical HIV team (available 7

days per week) provides diagnostic and therapeutic recommendations and post-discharge
follow-up and is activated when an HIV consult is placed by the primary inpatient treatment
team. The TCN (weekdays only) approaches patients within this HIV consult group who
are deemed high-risk for readmission (new HIV diagnosis, prior admission, psychosocial
needs) to review barriers to care, complete patient education using a teach-back method

and develop an individualized transitional care plan, typically meeting with patients multiple
times during hospitalization and at the time of discharge. HIV case managers provide care
coordination (assist with funding, follow-up visits, referrals) for all hospitalized PWH. As
part of the transitions team program, interdisciplinary rounds are conducted each weekday.
Prior to October 2014, the pre-intervention time period, medical consults for HIV inpatients
were performed by the general infectious diseases team without formal coordination with
HIV case management, and the TCN and advanced practice provider positions did not exist.
Within the post-intervention time period, PWH could be assigned to TCN plus consult,
consult alone (includes those who refused TCN) or no intervention (case management
alone).

Baseline characteristics for individuals with an index admission before and after October 1,
2014 were described for PWH and cellulitis using frequencies for binary and categorical
variables and with means, medians, ranges and/or standard deviations for continuous
variables. We constructed logistic mixed-effect models to assess the overall effect of
intervention in the HIV population. The dependent variable is 30-day readmission, and
independent variables include an indicator of before/after intervention, as well as various
demographic, socio-economic and clinical variables. Patient random effects are included to
account for observations contributed by the same patients. Missing CD4 count values were
imputed and included in analyses. We adjusted for the predicted readmission risk was using
our previously published HIV e-model.14 First, univariate models were constructed to assess
the association of individual covariates to 30-day readmission. Second, a stepwise variable
selection procedure was employed to obtain the final multivariate model, with a priori
inclusion of pre/post-intervention variable, and for other covariates, p=0.20 to enter the
model and p=0.10 to remain in the model. Similar analyses were performed for admissions
with a diagnosis of cellulitis, where predicted readmission risk was included as a covariate.

Finally, the post-intervention HIV cohort was categorized into 3 groups (TCN+ consult,
consult alone, no intervention) to evaluate the dose-response effect of intervention. To
account for potential confounding by indication (as sicker, more socially complicated
patients were more likely to receive intervention components), propensity scores were
calculated as the conditional probability of receiving any of the interventions based on a
multinomial regression model. Variables included in the propensity score analysis include:
sex, race/ethnicity, primary language, history of AIDS-defining illness (ADI), HIV viral
load group, abnormal labs (p02), substance use (opiates, benzos), mental illness (anxiety)
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and prior inpatient stay. Then propensity score weighting was employed in the logistic
mixed-effect model to compare the effect of 3 interventions on 30-day readmissions.

All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).

During the study period, there were 4072 index admissions among PWH, with 2049

(1412 unique individuals) occurring prior to the transitions team and 2023 (1103 unique
individuals) afterwards. Overall, index admissions occurred among patients who were
majority male (66.4%), non-Hispanic Black (51.8%), single (76.2%) with a median age

of 43.3 years. The population with index admissions before and after the transitions team
was relatively similar, though when comparing admissions during the period after the
transitions team was implemented to before implementation fewer had Medicaid insurance
(34.5% v 40.8%), and more were self-pay (41.3% v. 35.9%). Other notable differences

are that post-intervention index admissions were associated with higher proportions of
mental health diagnoses, including depression, anxiety and psychotic disorders, higher
rates of homelessness (14.4% v 5.8%) and higher proportions with a prior AIDS defining
illness (ADI) (31.6% v. 21.0%) (Table 1). On average, length of stay was longer in the
post-intervention period, with mean of 7.1 versus 5.4 days. Non-ADI infections were the
leading cause of admission in both time periods, though a somewhat higher proportion had
primary diagnoses of both non-ADI infections (35.5% v 31.9%) and ADI (8.7% v 6.7%) in
the post- v. pre-intervention period (Table 2).

For the concurrent control group, index admissions for cellulitis, the pre- and post-
intervention populations were similar to one another and were majority male (57.4%) and
Hispanic (50.4%). However, similar to the HIVV comparison groups, the post-intervention
cellulitis admissions had higher rates of mental health diagnoses, homelessness and had a
longer length of stay compared to pre-intervention (Tables 1 and 2).

With regards to receipt of the intervention in post-intervention HIV group (total N=2023),
544 (26.9%) met with the TCN and received an HIV consult, 28 (1.4%) were approached
by TCN but refused, 566 (27.9%) received HIV consult only and 913 (45.1%) received no
intervention (case management only).

Unadjusted thirty-day readmission rate between pre- and post-intervention time periods, in
the HIV group was 329/2049 (16.1%) versus 329/2023 (16.3%) and in cellulitis group was
952/5023(18.9%) versus 943/5326 (17.7%).

Results of univariate modeling for 30-day readmissions among PWH outcome are shown in
Table 3. Age, homelessness, Medicaid insurance, HIV viral load, abnormal labs (absolute
lymphocytes, AST/ALT, HCT), length of stay and prior ED and inpatient visits were
associated with readmissions. Multivariate modeling included a summary variable from

the e-model (history of ADI, CD4 result <92, absolute lymphocyte count, AST/ALT, HCT,
p02, Anion gap, Medicaid insurance, homelessness, distance from PHHS >13 miles, prior
inpatient and prior ED visits), and age. The adjusted OR of 30-day readmission for the
post-intervention group was 0.81 (95% CI 0.66-0.99, p=0.04).
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Similarly, univariate and multivariate analyses for 30-day readmissions among the cellulitis
group were also conducted. In univariate analyses, being in the post-intervention time
period was not associated with readmission (OR 0.96, 0.87-1.07, p=0.49). In multivariate
analyses, after adjusting for co-morbidities (CHF, vascular insufficiency, mood disorder),
lab abnormalities (creatinine, HCT, platelets), Medicaid insurance and prior healthcare
utilization (inpatient and ED visits) the odds ratio for readmission in the post-intervention
time period was aOR 0.91 (95% CI 0.81-1.02, p value=0.10).

To examine the dose-response of intervention to outcome, 30-day readmissions were
compared within the post-intervention HIV population by TCN assignment group.
Unadjusted readmission rate by treatment group was as follows: no intervention (15.9%),
consult only (16.7%), approached by TCN but refused (25%) and TCN + consult (16.4%).
In univariate analyses, both the TCN + consult (OR 1.37, 95% CI 0.99-1.90) and the consult
only groups (OR 1.23, 95% CI 0.83-1.84, overall p value=0.15) had a higher odds of
readmission than those who did not receive an intervention, though this was not statistically
significant. In multivariate analyses adjusting for length of stay, healthcare utilization
(inpatient and ED visits) and propensity score for assignment to treatment group (which
included variables race, gender, primary language, history of AIDS, anxiety, benzodiazepine
use, opiate use, viral load group, pO2, length of stay and prior inpatient visits), those in

the TCN + consult (aOR 1.56, 95% CI 1.10-2.20) had a higher odds of readmission than
those who did not receive an intervention whereas the consult only groups (aOR 0.93, 95%
Cl 0.65-1.33, overall p value 0.01), had comparable odds of readmission than those who
did not receive an intervention. To assess how well the propensity score model accounts

for variability in the choice of treatments received, we calculated the PDI (Polytomous
Discrimination Index) as 0.58. The PDI is an extension of the widely used C statistic to

the scenarios of multiple categories and can be interpreted as the probability of correctly
identifying a case from a randomly selected category.

Discussion

In this interrupted time series study, we found that a multicomponent transition of care
intervention for PWH reduced the adjusted odds of 30-day readmission by about 20%. There
was a minimal post-intervention decline in adjusted odds of readmission in the concurrent
control group with cellulitis. Though the crude prevalence of 30-day readmissions in PWH
remained stable, 16% throughout, adjustment for multiple clinical, social and healthcare
utilization variables identified a decreased odds of readmission in the post-intervention
period, likely related to higher rates of current and prior AIDS-defining illnesses, mental
illness, homelessness and lack of insurance in the post-intervention group. However, a
dose-response effect was not observed among PWH, as more intensive intervention (medical
consult + transitional care nurse) was not associated with decreased readmissions, though
adjustment for confounders using propensity score analysis was imperfect.

Our study adds to and extends the literature on readmissions reduction interventions and
contains similar core elements to those used in other studies among elderly, general internal
medicine and CHF patients, though interventions, study designs and outcomes vary between
published studies. Naylor et al., in an RCT of an advanced practice nurse-centered discharge
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planning and home follow-up intervention for elders (>65), identified a significant difference
in the proportion with a readmission within 6 months between intervention versus control
groups (37% V. 20%).22 Among patients admitted to a safety-net hospital, an RCT of an
intervention resembling that in our study, including a nurse discharge advocate who helped
with medication reconciliation, patient education, transmission of discharge summary to the
primary doctor and post-discharge call from a pharmacist, resulted in 14.9% (intervention)
v. 20.7% (control) (p=0.09) with 30-day readmissions.?* A disease-specific intervention
focused on hospitalized patients with CHF, directing an evidence-based intervention at those
patients predicted to be at highest risk for readmission by an EHR model, was associated
with a 27% reduction in readmissions.26

Limited data exist on interventions to reduce readmissions or improve clinical outcomes

for hospitalized PWH. A small study (N=128) examining readmissions pre- and post-
implementation of a pharmacist-led inpatient intervention, found a reduction in medication
errors and 30-day readmissions (27% to 12%), as well as an increase in linkage to care
after discharge, from 78% to 90%.34 Similarly, a quasi-experimental study of antimicrobial
stewardship for inpatients with HIVV (N=203) resulted in reduced medication errors and
improved linkage to HIV care (19% v 40%), though 30-day readmissions were not different
between those who were or were not on ART.3®

In this study, we did not find a dose response, and in fact those who received interventions
had higher or similar readmissions rates to those who received case management alone.
Though interventions were directed at those who were at higher risk for readmission,
adjusting for confounding by indication by using a propensity score analysis did not
identify a relationship between intervention receipt and reduced readmissions. This suggests
either the existence of additional unmeasured confounders or that the intervention did not
adequately address preventable determinants of readmission. System-level factors, such as
how interventions were assigned (based on medical complexity, socio-behavioral barriers),
sometimes inconsistently (depending on primary team decision to consult, TCN availability)
created challenges for adequate propensity score adjustment. It is possible that certain
subgroups, such as those with a new diagnosis of HIV, responded differently to the
intervention. Though we did not have access to date of HIV diagnosis, future studies
examining such subgroups could help tailor the intervention. In addition, we have previously
identified additional predictors of readmission among PWH, such as food insecurity and
readiness for substance use treatment, which are not typically measured as part of routine
clinical care and could be contributing to readmission in this cohort.1® A toolbox of
readmission reduction interventions for PWH, based on qualitative interviews from 87
patients, providers and case managers, suggests various additional approaches, such as
direct partnerships between the hospital and community based organizations and improving
active linkage to mental health, substance use treatment and social services, which were not
included in this intervention and may have further improved outcomes.2”

Patient-level factors, such as patient activation, or a “patient’s willingness and ability to
take independent actions to manage their health and care3® has been associated with
various health outcomes, 3”38 including HIV.39 In this study, the transitional care nurse
role provided an interactive and intensive intervention—patient education, assessment of
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barriers, contacting patient’s social support, reviewing prescriptions, confirming follow-up
and contacting patient after discharge— all of which require the patient to be engaged and
motivated. Especially high readmission rates (25%) among those who refused to meet with
the transitional care nurse suggest that low patient activation may also have influenced
results. In addition, for PWH who have very low CD4 counts, 30 days is a relatively short
time to substantially improve their immune status. Thus, applying this quality metric to
patients with AIDS may not reflect the longer-term progressive health trajectory seen with
patients initiating or resuming ART.

Our study has several limitations. First, this is a single site study and therefore may

not be generalizable to other settings, though our inpatient population of PWH reflects
what has been described in other large urban centers in the southern US1640 many of
which are also prioritized as part of the federal EHE initiative. We also include data from
readmissions to over 90 hospitals in the greater Dallas Fort Worth area, contributing a more
comprehensive assessment of readmissions across health systems. Second, this is a non-
randomized pragmatic study, which limits our ability to exclude unmeasured confounders
or to control who did and did not receive interventions. Third, several variables were not
captured completely, including missing values for CD4 count and HIV viral load, which
may be due to those being available to providers from outside medical records not recorded
in the PHHS EHR, and the use of urine toxicology screens to indicate substance use, which
likely underestimate this variable. Imputation of CD4 counts (which were also part of the
e-model) did not cause substantial changes to results. Furthermore, parallel changes in
certain variables across both cohorts, such as increases in mental illness and homelessness,
may reflect a difference in how the health system captured social determinants of health over
time, though this is hard to distinguish from local trends which show increases in mental
health and housing needs over this time period.#1:42 Lastly, though cellulitis as a comparator
group was selected due to the absence of specific readmissions reduction efforts for this
diagnosis, individuals in this group may have received interventions aimed at co-morbid
conditions (e.g. CHF), which were unable to adjust for and may have contributed to lower
readmissions in this group.

In this trial, a hospital-based multicomponent intervention, including medical, social and
care coordination elements, was effective in reducing the risk-adjusted 30-day readmissions
among PWH in a safety-net hospital in the southern US, while no significant reduction
was seen in a concurrent control group. However, no dose-response to the intervention
was detected. Overall, admissions and readmissions among PWH in our region remain
high, and substantial proportions have AIDS and AIDS-defining illnesses, highlighting the
need for additional efforts to address overlapping barriers to care and social determinants
of health. County-wide collaborative efforts which engage numerous diverse stakeholders
have the potential to increase HIV prevention, early diagnosis and engagement in HIV
care, preventing initial hospitalizations among PWH. Increased availability and breadth of
transitional care services could lead to further declines in hospital readmissions.
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Table 1.
Baseline Characteristics of Pre-Intervention (2012-2014) and Post-Intervention (2104-2016) Index
Admissions for HIV and Cellulitis
Pre-Intervention Post-Intervention Pre-Intervention Post-Intervention
Cellulitis Index Cellulitis Index
HIV Index Admissions | HIV Index Admissions | Admissions Admissions
N=2049 % N=2023 % N=5023 % N=5326 %
Demographics/SES
433 43.3 50.6 52.3
Age, median (18.3-85,5) (18.1—85.0) (17.5-92.9) (17.7-93.4)
Sex
Male 1360 66.4 1382 68.3 2877 57.3 3060 57.5
Female 689 33.6 641 317 2146 42.7 2265 42.5
Race
Non-Hispanic Black 1062 51.8 1102 54.5 1141 22.7 1276 24.0
Non-Hispanic White 461 225 399 19.7 1200 23.9 1308 24.6
Hispanic 497 245 479 23.7 2581 51.4 2642 49.6
Other 29 1.4 43 2.1 101 2.0 99 1.9
Marital status
Single 1561 76.2 1541 76.2 2180 434 2450 46.0
Married 239 11.7 238 11.8 1498 29.8 1591 29.9
Divorced 196 9.6 181 9.0 977 19.5 919 17.3
Widowed 44 2.2 49 24 347 6.9 341 6.4
Other 9 0.4 14 0.7 21 0.4 24 0.5
Primary Language
English 1738 84.8 1714 84.7 3299 65.7 3603 67.7
Spanish 275 13.4 274 13.6 1670 333 1658 31.2
Other 36 1.8 35 17 54 11 64 1.2
Homelessness 119 5.8 291 14.4 294 5.9 550 10.4
Insurance
Medicaid 824 40.8 684 34.5 1667 33.6 1549 29.8
Medicare 416 20.6 422 21.3 890 17.9 1097 21.1
Private 57 2.8 59 3.0 99 2.0 162 3.1
Charity / Self-Pay 725 359 820 41.3 2312 46.5 2397 46.1
Comorbid conditions
Mental Health
Depression, Mania 247 121 399 19.7 304 6.1 728 13.7
Anxiety 117 5.7 169 8.4 276 55 376 7.1
Psychotic disorders 76 3.7 95 4.7 116 2.3 151 2.8
Other 87 4.3 107 53 157 3.1 188 35
Positive drug screen
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Pre-Intervention Post-Intervention Pre-Intervention Post-I ntervention
Cellulitis Index Cellulitis Index
HIV Index Admissions | HIV Index Admissions | Admissions Admissions
N=2049 % N=2023 % N=5023 % N=5326 %
Opiate 148 7.2 117 5.8 252 5.0 243 4.6
Cocaine 108 53 109 5.4 108 22 121 2.3
Benzodiazepines 38 1.9 40 2.0 92 1.8 75 14
Amphetamine 26 13 79 3.9 35 0.7 75 1.4
Other co-morbidities
Diabetes 363 17.7 384 19.0 3050 60.7 3298 61.9
CHF 369 18.0 375 18.5 1971 39.2 2075 39.0
Vascular Insufficiency 40 2.0 71 35 640 12.7 738 13.9
Clinical variables
CD4
<50 299 14.6 338 16.7 NA NA
51 -200 354 17.3 336 16.6 NA NA
201 -500 362 17.7 375 18.6 NA NA
>500 211 10.3 174 8.6 NA NA
Missing 823 40.2 800 39.6 NA NA
HIV VL (copies/mL)
<20 292 14.3 302 14.9 NA NA
21-200 155 7.6 114 5.6 NA NA
201-10,000 162 7.9 177 8.8 NA NA
>10,000 637 31.1 686 33.9 NA NA
Missing 803 39.2 744 36.8 NA NA
History of ADI 431 21.0 639 31.6 - - -- -
WBC (x10 (9)/L)
<42 450 22.0 435 21.5 306 6.1 314 5.9
42103 1207 58.9 1207 59.7 2838 56.5 2961 55.6
>10.3 363 17.7 366 18.1 1816 36.2 2022 38.0
Missing 29 1.4 15 0.7 63 13 29 0.5
Creatinine (mg/dL)
<0.67 354 17.3 244 12.1 1095 218 1089 20.5
0.67-1.17 1044 51.0 1076 53.2 2067 41.2 2284 42.9
>1.17 521 25.4 594 29.4 1729 344 1858 34.9
Missing 130 6.3 109 5.4 132 2.6 95 18

Abbreviations: SES= socio-economic status, CHF= congestive heart failure, VL= viral load, ADI= AIDS defining illness, WBC= white blood cells.
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Table 2.

Principal Diagnoses and Prior Healthcare Utilization for HIV and Cellulitis Index Admissions in Pre-
Intervention (2012-2014) and Post-Intervention (2014-2016) Time Periods

Page 15

Pre-Intervention

Post-1 ntervention

Pre-Intervention

Post-I ntervention

Cellulitis Index Cellulitis Index
HIV Index Admissions | HIV Index Admissions | Admissions Admissions

Variable N=2049 % N=2023 % N=5023 % N=5326 %
LOS, Mean (SD) 5.4 (5.6) 7.1 (7.8) 6.1 (7.7) 7.1 (7.5)
Principal diagnoses
AIDS-Defining Iliness 138 6.7 176 8.7 -- - - --
Non-ADI infections 653 31.9 718 355 1720 34.2 1964 36.9
Neoplasms 57 2.8 52 2.6 98 2.0 91 1.7
Endocrine, nutritional,
metabolic 144 7.0 97 4.8 822 16.4 792 14.9
Blood and blood-forming
organs 72 35 55 2.7 67 13 53 1.0
Mental IlIness 64 3.2 57 2.8 113 2.3 86 1.6
Nervous system 66 3.3 50 2.5 71 14 59 11
Circulatory system 154 7.5 170 8.4 696 13.9 799 15.0
Respiratory system 108 5.3 78 3.9 141 2.8 177 3.3
Digestive system 174 8.5 158 7.8 382 7.6 374 7.0
Genitourinary system 99 4.8 92 4.6 210 4.2 200 3.8
Pregnancy, childbirth 132 6.4 142 7.0 199 4.0 161 3.0
Skin 12 0.6 10 0.5 66 13 54 1.0
Musculoskeletal system 19 0.9 30 15 72 14 94 18
Congenital anomalies 0 0.0 1 0.1 4 0.1 1 0.0
Injury and poisoning 100 49 91 4.5 263 53 322 6.1
Misc Health Status 50 2.4 40 2.0 57 11 65 1.2
ED visitsprior 12 mo

0 835 40.8 837 414 1464 29.2 1429 26.8

1 340 16.6 306 15.1 648 12.9 781 14.7

2 133 6.5 136 6.7 355 7.1 384 7.2

3 102 5.0 104 5.1 278 55 327 6.1

4 58 2.8 7 3.8 174 35 222 4.2

5 46 22 47 23 167 33 208 3.9

6 or more 535 26.1 516 253 1937 38.6 1975 37.1
Inpt visitsprior 12 mo

0 1291 63.0 1202 59.4 2555 50.9 2294 43.1

1 358 17.5 347 17.2 943 18.8 1114 20.9

2 189 9.2 178 8.8 527 10.5 654 12.3

3 74 3.6 106 5.2 315 6.3 395 74
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Pre-Intervention

Post-1 ntervention

Pre-Intervention

Post-I ntervention

Cellulitis Index Cellulitis Index
HIV Index Admissions | HIV Index Admissions | Admissions Admissions
Variable N=2049 % N=2023 % N=5023 % N=5326 %
4 46 2.2 56 2.8 197 3.9 269 5.1
5 27 1.3 41 2.0 124 2.5 181 3.4
6 or more 64 31 93 4.6 362 7.2 419 7.9

Abbreviations: LOS= length of stay, SD= standard deviation, Misc= miscellaneous, ED= emergency department, Inpt=inpatient, mo=months
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Table 3.

Page 17

Univariate Analysis of 30-day Readmissions Among People With HIV

Univariate Multivariate p value

Variable OR 95% ClI p value aOR 95% ClI
Post-intervention 1.02 0.85-1.29 0.81 0.81 0.66-0.99 0.04
Age at admission 1.01 1.00-1.02 0.04 1.01 1.00-1.02 0.03
HIV readmission e-model 174 157-1.93 <001
Age group 0.03

<30 0.82 0.55-1.20

30-39 0.71 0.49-1.04

40-49 1.10 0.77-1.56

50-59 0.93 0.64-1.35

60+ Ref -
Female sex 0.93 0.75-1.14 0.46
Race/ethnicity 0.53

NH White Ref -

NH Black 1.08 0.84-1.37

Hispanic/Other 0.94 0.71-1.25
Marital status 0.80

Single Ref --

Married 1.09 0.82-1.47

Divorced/Widowed/Other 1.06 0.78-1.42
Primary language 0.88

English Ref -

Spanish/Other 0.98 0.75-1.28
Homelessness 1.66 1.23-2.26 <0.01
Medicaid 1.55 1.28-1.87 <0.01
Distance from PHHS 0.86 0.67-1.10 0.24
Mental health

Depression 1.03 0.80-1.32 0.81

Anxiety 0.89 0.62-1.27 0.51

Psychosis 1.30 0.85-1.99 0.22

Other 1.08 0.72-1.64 0.69
Positive drug screen

Opiates 1.08 0.72-1.63 0.92

Cocaine 1.49 0.98-2.71 1.17
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Univariate Multivariate p value
Variable OR 95% ClI p value aOR 95% ClI
Benzodiazepines 1.24 0.65-2.35 0.73
Methamphetamines 0.85 0.45-1.58 0.86
CD4 <92 1.32 0.09-1.60 <0.01
HIV viral load <0.01
<200 Ref -
>=200 0.93 0.74-1.18
Missing 0.54 0.42-0.69
History of ADI 1.34 0.96-1.83 0.07
Abnormal absolute lymphocytes 4.32 1.00-18.62 0.05
Abnormal AST/ALT 1.26 1.03-1.55 0.03
Abnormal HCT 1.80 1.46-2.23 <0.01
Abnormal pO2 1.10 0.74-1.62 0.64
Abnormal Anion gap 0.93 0.77-1.13 0.48
LOS 1.03 1.01-1.47 <0.01
Prior ED visits 1.34 1.28-1.39 <0.01
Prior IP visits 1.24 1.19-1.29 <0.01

Abbreviations: OR= odds ratio; Cl= confidence interval; ADI= AIDS-defining illness; AST=aspartate aminotransferase; ALT= alanine
aminotransferase, HCT= hematocrit; P02= partial pressure of oxygen; LOS= length of stay; ED= emergency department; IP= inpatient

*
e-model includes the following: history of ADI, CD4 result <92, absolute lymphocyte count, AST/ALT, HCT, p02, Anion gap, Medicaid

insurance, homelessness, distance from PHHS >13 miles, prior inpatient and prior ED visits
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