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Abstract

Background—The 30-day readmission rate is an indicator of the quality of hospital care and
transition to the outpatient setting. Recent studies suggest HIV infection might increase the risk of
readmission though estimates of 30-day readmission rates are unavailable among HIV infected
individuals living in middle/low income settings. Additionally, factors that may increase
readmission risk in HIV infected populations are poorly understood.

Methods—30-day readmission rates were estimated for HIV-infected adults from the Instituto
Nacional de Infectologia Evandro Chagas/Fiocruz cohort in Rio de Janeiro, Brazil, from January
2007 to December 2013. Cox regression models were used to evaluate factors associated with the
risk of 30-day readmission.

Results—Between January 2007 and December 2013, 3991 patients were followed and 1861
hospitalizations were observed. The estimated 30-day readmission rate was 14% (95% confidence
interval 12.3%-15.9%). Attending a medical visit within 30 days after discharge (aHR 0.73,
p=0.048) and being hospitalized in more recent calendar years (aHR 0.89, p=0.002) reduced the
risk of 30-day readmission. In contrast, low CD4 counts (51-200 cells/mm3: aHR 1.70, p=0.024
and < 50 cells/mm3: aHR 2.05, p=0.003), time since HIV infection diagnosis >10 years (aHR 1.58,
p=0.058) and leaving hospital against medical advice (aHR 2.67, p=0.004) increased the risk of
30-day readmission.

Conclusions—Patients with advanced HIV/AIDS are most at risk of readmission and should be
targeted with prevention strategies to reduce this risk. Efforts to reduce discharge against medical
advice and to promote early post-discharge medical visit would likely reduce 30-day readmission
rates in our population.
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Introduction

Methods

Hospital readmission within 30 days of discharge, i.e. 30-day readmission, has been
increasingly proposed as an indicator of the quality of hospital care and of transition care to
the outpatient setting. In Brazil, since 2015 the National Agency for Supplementary Health
also incorporated 30-day readmission as an indicator of health care assistance quality?.
Between hospitals comparisons, adjusted for patients’ characteristics and for the community
within which a hospital is located3, can help identify institutions with worse performance
allowing for adoption/reviewing of clinical protocols to improve hospital care®.
Economically, readmissions are expensive and consume a great share of health designated
expenditures®. Altogether, studies have suggested that the keeping of 30-day readmission
rates within the expected average values can result in a win-win scenario: improvement in
hospital quality and efficiency allowing for better allocation of health expenditures.

In the United States, all-cause 30-day readmission rates in the general population is
estimated at 14%°5. Additionally, of the overall 30-day readmissions, 30% are thought to be
potentially preventable events’. Several chronic medical conditions have been associated
with high 30-day readmission rates with HIV being recently included among these
conditions®-10. A recent study conducted in the United States showed a 1.5-fold increase in
the risk of readmission for HIV infected patients compared to their non-HIV infected
counterpartsl0. Moreover, among HIV infected patients, the proportion of potentially
preventable readmissions is suggested to be even higher, reaching 53%?1.

The study of 30-day readmission rates and its predictors among HIV infected patients can
provide relevant information to guide monitoring of hospital quality and transition of care
with the goal of reducing morbidity of the HIV infected population. To the best of our
knowledge, studies addressing 30-day readmission rates and its determinants in HIV
infected populations are restricted to high-income settings®-17 and the findings likely do not
reflect low- to middle-income settings due to dissimilarities in infectious diseases burden as
well as differences in the provision and structure of health care. In this study, we sought to 1)
estimate 30-day readmissions rates among HIV patients living in a middle-income setting
and 2) identify patient- and health care-level factors that were associated with higher risk of
30-day readmission among HIV infected patients from a cohort in Rio de Janeiro, Brazil,
during the period of 2007-2013.

Study site and population

Since 1986, Instituto Nacional de Infectologia Evandro Chagas of Fundacao Oswaldo Cruz
(INI/FIOCRUZ) has been a national referral center for infectious diseases care, research and
training, being one of the largest providers of primary, specialty, and tertiary care for HIV

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coelho et al. Page 3

infected individuals in Rio de Janeiro State. INI comprises an Infectious Disease tertiary
hospital, Evandro Chagas Hospital, a day clinic (for chemotherapy and other parenteral
drugs administration), an outpatient clinic and an emergency department, all funded by the
Brazilian national health system (known as Sistema Unico de Satde). All HIV infected
patients followed in the INI cohort have free-of-charge access to INI’s facilities as well as to
antiretroviral treatment and other medications (such as opportunistic infections prophylaxis,
Kaposi sarcoma chemotherapy, and diabetes, hypertension medications, etc.) provided by
the Brazilian national health system. A longitudinal, periodically updated, observational
clinical database has been maintained on patients receiving HIV care at INI. The database
includes socio-demographic, laboratory, clinical, and therapeutic information abstracted
from the medical records by trained staff. Additionally, dates of admission and discharge to
Evandro Chagas Hospital are also included in the database along with discharge diagnoses
and summary. Cohort procedures have been described and results published18-20,

For the present study, the study population included adult (=18 years of age at cohort
enrollment) HIV infected patients, enrolled in the INI cohort between 01 January 1985 and
01 December 2013, who were alive after 01 January 2007 and in active care (at least one
medical visit after 01 January 2007) from 1997 to 2013.

Outcome definition

Index hospitalizations were defined as: 1) the first hospitalization in the study period or any
hospitalization occurring >30 days after the most recent previous hospitalization, and 2) for
which there was a live discharge. Hospitalizations occurring from 01 January 2007 (or from
date of cohort enroliment for those enrolled after this date) until 31 December 2013 were
considered. Patients were not censored after a hospitalization such that all hospitalization
events during the years 2007-2013 were included. The only exceptions were the exclusion
of hospitalizations (1) with admission date prior to 01 February 2007 because of the need to
observe 30 days before a potential index hospitalization, and (2) with discharge date after 30
November 2013 because of the need to observed 30 days after a discharge for potential 30-
day readmissions. Hospital readmissions occurring within 30 days of an index
hospitalization discharge were defined as 30-day readmissions. When a “chain” of multiple
readmissions with less than 30-day intervals each followed an index hospitalization, all
readmissions in the chain were excluded from being an index hospitalization. 30-day
readmission rate was calculated by dividing the number of 30-day readmissions by the
number of index hospitalizations.

Independent variables

Socio-demographic and clinical variables were evaluated for association with 30-day
readmission risk. CD4 count and HIV viral load closest to index hospitalization were
selected on a timeframe of 180 days before and 30 days after the hospital admission date.
Antiretroviral therapy (ART) use prior to index hospitalization was defined as a dichotomous
yes/no variable based on ART initiation any time before index hospitalization admission.
Since we do not have information on adherence, after ART first prescription, participants
were defined as on ART. Time since HIV infection diagnosis was calculated as the
difference between date of index hospitalization admission and date of the first positive HIV
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test. Type of hospitalization discharge was based on discharge reports and categorized as
follows: according to medical advice, against medical advice, transfer to another hospital
facility and unknown. Length of stay (LOS) was calculated by subtracting hospital
admission date from date of discharge and adding 1. Use of intensive care unit (ICU)
(yes/no) was used as a proxy for the severity of the patient’s clinical condition. Early
transition from hospital to outpatient care was evaluated through the presence of a medical
visit within 30-days of index hospitalization discharge or before readmission for those
readmitted within 30-days.

Hospitalization discharge reports were reviewed and all the diagnoses listed in the discharge
report were classified using the 101" Edition of the International Classification of Disease
(ICD-10), into 24 different categories!®. Since some ICD-10 codes could be allocated to
several categories, we considered a hierarchical classification scheme with a decreasing
order of priority as follows: AlDS-events, non-AlDS malignancies, infections and then
systemic events1®. Subsequently, to determine the primary cause of a hospitalization, the one
or more ICD-10 codes listed in the discharge reports were hierarchically classified as
follows: AIDS-defining diseases, non-AIDS malignancies, cardiovascular disease, bacterial
infections, fungal infections, viral infections, parasitic infection, digestive diseases, renal
diseases, respiratory diseases, neurologic diseases, endocrine diseases, hematological
diseases, psychiatric diseases, viral hepatitis, non-viral hepatitis, dermatological diseases,
rheumatologic diseases, trauma, gynecologic disease, toxicities, others and sings and
symptoms.

Statistical analysis

The evaluation of the factors associated with 30-day readmission risk was performed using
Cox extended regression models (accounting for clusters within patients). Patient’s follow-
up started on the day of discharge from the index hospitalization and ended at the
readmission date, date of death or 30 days after index discharge, whichever occurred first.
Variables with p-value below 0.10 in the unadjusted analysis were included in the adjusted
model in order to explore their effects after adjusting for all potential confounding. The
variable “medical visit within 30-day of discharge” was included in the model as a time-
dependent variable such that a patient’s follow up time was split into before and after the
medical visit for those who attended a medical visit within 30-days of discharge. Using this
approach, we also prevented a potential time-dependent bias, whereas patients who are soon
readmitted have a decreased chance of having a medical visit after discharge. Proportional
hazards assumption was tested using Schoenfeld residuals. R (version 3.0.3) and library
“survival” were used for the analyses.

Ethical considerations

This study was approved by the ethics committee of the INI (CAAE 0032.0.009.000-10) and
was conducted according to the principles expressed in the Declaration of Helsinki. All
patient records/information were de-identified prior to analysis.
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During the study period, from the 3991 included patients, 3014 were never hospitalized
while 977 had at least one hospitalization during the study period. In total, 1861
hospitalization events occurred: 1442 were considered index hospitalizations, 202 were 30-
day readmissions, and 16 index hospitalizations were followed by death after discharge
(without readmission) (Figure 1). Thirty-day readmission rate was estimated as 14.0% (95%
confidence interval [C1] 12.3%-15.9%). For those who readmitted, the median time between
index discharge and readmission was 14 days (interquartile range [IQR]: 7-21). The three
most frequent causes of index hospitalizations were AIDS-defining diseases (688/1442,
47.7%), bacterial infections (289/1442, 20.0%), and cardiovascular diseases (117/1442,
8.1%) (Figure 2). 30-day readmission rate among AIDS-defining diseases index
hospitalizations reached 18.8% (95% CI 15.9%-21.9%) which is higher than the overall
rate. The highest readmission rate was observed for endocrine diseases (20.0%, 95% ClI
3.5%-55.8%) which comprised only 0.7% (n=10) of the index hospitalizations (Figure 2).
Among the 202 readmissions, the most frequent cause of hospitalization was AIDS-defining
diseases (129/202, 63.9%) and the second most frequent cause was bacterial infections
(36/202, 17.8%).

Patients’ characteristics at the moment of the index hospitalization admission (stratified by
yes/no 30-day readmission), as well as the unadjusted hazard ratios (cHR) are shown in
Table 1. Compared to patients not readmitted, those who were readmitted were more likely
to have recent (<30 days) HIV infection diagnosis (14.9% vs. 8.5% among non-readmitted,
Chi-squared p-value=0.019) and lower CD4 counts (median 118 cells/mm3 vs. 191
cells/mm?3 among non-readmitted, Wilcoxon Rank-Sum test p-value<0.0001). On the other
hand, patients who were readmitted were less likely to have used ART prior to index
hospitalization (66.3% vs. 76.3% among non-readmitted, Chi-squared p-value=0.003) and to
attend a medical visit within 30 days after index discharge (37.6% vs. 74.7% among non-
readmitted, Chi-squared p-value<0.001). Moreover, index hospitalizations that were
followed by 30-day readmissions had longer LOS (median 16 days vs. 12 days among non-
readmitted, Wilcoxon Rank-Sum test p-value<0.001), had higher frequency of ICU stay
(15.3% vs. 9.4% among non-readmitted, Chi-squared p-value=0.015), and more likely ended
with a discharge against medical advice (5.4% vs. 2.5% among non-readmitted, Chi-squared
p-value=0.029).

In unadjusted models, recent HIV infection diagnosis (<30 days), CD4 counts bellow 200
cells/mm3, LOS longer than 21 days, ICU stay and discharge against medical advice
significantly increased the risk of 30-day readmission. On the other hand, ART use prior to
index hospitalization, being hospitalized in most recent calendar years and attending medical
visit within 30 days after discharge protected against 30-day readmission (though this last
variable had a p-value=0.072) (Table 1).

The final adjusted model is shown in Figure 3. Comparing the effects of the independent
variables in the unadjusted and adjusted models, we found that after adjusting for covariates,
the protective effect of attending a medical visit within 30 days of discharge remained
similar but it gained statistical significance (adjusted hazard ratio [aHR] 0.73, p-
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value=0.048). Being hospitalized in most recent years also remained significant in the
adjusted models (aHR 0.89, p-value=0.002). The protective effect of ART use prior to
hospitalization observed in the unadjusted model was attenuated but the point estimate
remained protective (although not statistically significant) after controlling for covariates
(aHR 0.73, p-value = 0.113). On the other hand, CD4 counts < 50 cells/mm3 (aHR 2.05, p-
value = 0.003) and between 200-51 cells/mm?3 (aHR 1.70, p-value = 0.024) and leaving the
hospital against medical advice (aHR 2.67, p-value = 0.004) increased the risk of 30-day
readmission. Additionally, after adjusting for covariates, having HIV infection diagnosis for
10 or more years also borderline increased the risk of 30-day readmission (aHR 1.58, p-
value= 0.058).

Discussion

In the present study, we have estimated the 30-day readmission rate for an HIV infected
cohort followed in Rio de Janeiro, Brazil. Our estimated 14% readmission rate is lower than
the rates reported for HIV infected patients in high-income settings. Nijhawan et al.
estimated a 25% readmission rate in Dallas, USY’, Berry at al. reported 19% readmission
rate for the HIV Research Network (HIVRN, which includes 12 sites in the US) 16, and a US
national report (using data from Healthcare Cost and Utilization Project) found a
readmission rate of 20% for HIV infected patients!®. The reasons for the disparate
readmission rates likely include patient, hospital and health care system as well as
community characteristics® beyond those that we have been able to address. Nonetheless,
patient-level characteristics shown to increase the risk of readmission, such as those
indicative of advanced disease, were similar among ours and the previous studies!6:17.21,
highlighting sub-populations for whom efforts could be targeted. Moreover, our results shed
light on the benefits of an early post-discharge medical visit in preventing readmission.

After adjusting for potential confounding variables, having an early post discharge medical
visit reduced the risk of readmission by 27% in our study population. This finding is in
agreement with a previously described protective effect of careful transitioning to the
outpatient setting on reducing the risk of readmission among patients with other chronic
conditions22-25, Additionally, it might indicate a better post discharge support system (i.e
family and social support) that has also been associated with lower risk of hospital
readmission?428, Interestingly, among HIV-infected patients, only one study reported on this
association and found no link between early transition to outpatient care and 30-day
readmission’8. Thus, although our results are consistent with previous studies that included
patients with other chronic diseases, confirmatory studies are needed to provide more
reliable information on the effect of attending an outpatient visit on 30-day readmission rates
for the HIV infected population.

Our study corroborates results reported by Berry et al, Feller et al and Nijhawan et al16:17.21
by showing that a proxy of advanced HIV/AIDS disease such as low CD4 counts at index
hospitalization is associated with an increased risk of readmission. This finding highlights
the impact that advanced chronic diseases?”:28, in our case, advanced HIV disease, has on
30-day readmission risk. To focus clinical efforts in this severely ill sub-population seems
feasible given they represent only a small fraction of patients under follow-up. For the

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coelho et al.

Page 7

present cohort, this sub-population would amount to approximately 15% of the patients
under follow-up as only 588 patients had an AIDS-defining disease or poor immune function
at index hospitalization out of 3991 patients under follow-up. Additionally, ART use prior to
the index hospitalization may likely reduced the risk of 30-day readmission (though this
result was not statistically significant in the present analysis). Importantly, when we
stratified ART use into recent start (<30 days) or not (more than 30 days of use prior to
index hospitalization admission) we did not find an increased risk of readmission associated
with recent ART start that could be linked to Immune Reconstitution Inflammatory
Syndrome and/or acute toxic events (data not shown). Similarly, both Berry et al and
Nijhawan et al explored this possible risk association (recent ART and readmission risk) and
neither found an association16:17. Taken together, these findings suggest that early ART use
for all HIV-infected patients might not only prevent HIV disease progression and HIV
transmission but may as well reduce 30-day readmission.

Another interesting finding from our study was the fact that long term HIV infected patients,
i.e. those diagnosed for 10 or more years, were at higher risk of 30-day readmissions after
controlling for all other covariates (including age). We can speculate on some plausible
explanations for this finding. It is possible that some chronically HIV infected patients,
likely heavily ART experienced, are presenting with multidrug HIV resistance and/or poor
adherence and therefore disease progression, leading to increased risk of readmission. This
hypothesis is supported by the fact that although 94.2% of those patients had used ART prior
to index hospitalization, less than half (47%) had a viral load < 400 copies/mL (data not
shown). Another possible reason would be the fact that HIV chronic infection leads to
persistent inflammation and immune activation which is associated with increased risk of
cardiovascular disease, cancer and other non-AIDS related events2930. Corroborating this
hypothesis, we found that index hospitalizations among patients with HIV diagnosis for 10
or more years were less likely to be due to an AIDS defining disease (29% vs. 47% among
all index hospitalizations), and that the readmission rate for digestive diseases index
hospitalizations surpassed the one for AIDS-defining diseases index hospitalizations (23.8%
vs. 21.4%) highlighting the importance of non-AIDS events on the risk of readmission for
this particular population subset. In summary, a multicausal pathway that encompasses
aging, higher prevalence of non-communicable diseases, ART failure seems to be a more
plausible explanation for the increased readmission risk observed among HIV long term
infected patients.

Additionally, our results show that patients who left the hospital against medical advice had
a two-fold higher risk of 30-day readmission. Indeed, discharge against medical advice had
already been associated with increased risk of 30-day readmission in the general
population3! and among those with HIV/1321.32_|nterestingly, compared to HIV-uninfected
patients, HIV infected patients were shown to have a higher risk of leaving the hospital
against medical advice32. Specifically, among HIV infected patients, leaving hospital against
medical advice led to a 5-fold increased odds of 30-day readmission for a related diagnosis
and was associated with longer readmission LOS (compared to those who had been formally
discharged)!3. Altogether, interventions focusing on reducing such discharges are needed to
improve patients’” health and reduce unnecessary costs with readmissions.
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AIDS-defining diseases were the main cause of index hospitalizations comprising almost
half of all admissions, followed by bacterial infections. Endocrine diseases had the highest
readmission rate in our study population, a finding that results from the very small number
of index hospitalizations (i.e. small denominator) while AIDS-defining diseases led to the
second highest readmission rate. These findings are somewhat different from those observed
in previous studies. In the HIVRN population, non-AIDS infections were the main cause of
index hospitalizations, and the highest 30-day readmission rate was observed for oncologic
index hospitalizations, with the second highest 30-day readmission rate for an AIDS-
defining disease index hospitalization1®. Nijhawan et al also found AIDS-defining diseases
as the main cause of index hospitalizations but the oncologic hospitalizations led the 30-day
readmission rates and AIDS-related diseases came in fifth 1. Several factors can explain
these differences in the rating of the causes of index hospitalizations and readmissions.
Foremost, the burden of AIDS diseases in the context of hospitalizations is quite different
between our study population and HIVRN population. In our population, the proportion of
index hospitalizations due to AIDS-defining diseases was 5-fold higher than that observed
for the HIVRN population (47.7% vs. 9.6%) 16 likely driving the ranking for both index
hospitalizations and readmissions. Additionally, differences in the burden of cancer among
our study population and HIV-infected populations from high-income settings might explain
some of these disparities. A recent study compared the incidence of cancer (AIDS and non-
AIDS defining) between HIV infected patients from INI cohort and Vanderbilt
Comprehensive Care Clinic cohort (Nashville, US) and showed significant differences on
the incidence of cancer between these two HIV-infected populations33. They showed that the
incidence of AIDS defining cancer was higher in INI than in Vanderbilt, mainly driven by
Kaposi sarcoma incidence (almost three times higher in INI). On the other hand, non-AIDS
defining cancer incidence was higher in Vanderbilt than in INI, and the most incident cancer
types were also different (anal cancer in INI vs. lung cancer in Vanderbilt). It is worthwhile
mentioning that although INI provides treatment of Kaposi sarcoma, mostly administrated in
a day clinic (including monitoring and management of potential side effects such as
leukopenia), all other oncologic and chemotherapy-relate hospitalization are referred to
another facility and thus not included in this analysis. As such, the findings regarding
oncologic admissions and readmissions should be compared with caution to other published
results.

Overall, the median LOS of index hospitalizations (12 days) surpasses the one reported for
the HIVRN population (median of 5 days)1® and the one reported by Nijhawan et al (mean 7
days)1” but is closer to a national HIV-infected Portuguese estimate (median 11 days)34. And
similarly to Berry et al®, we found that compared with other causes, hospitalizations due to
AIDS defining diseases were associated with longer LOS (median of 18 vs. 9 days for AIDS
and non-AlIDS related hospitalizations, respectively, data not shown). Differences in hospital
structure, hospital setting and health system level factors could be the sources of such
disparities. For the purpose of comparison with Brazilian data, we searched publicly
available databases that provide mean LOS and found that overall the mean LOS estimated
for the state of Rio de Janeiro in the period of 2008-2015 was 9 days, while, for the same
period, the national mean was 7 days revealing the high heterogeneity that exists when it
comes to hospital outcomes even within Brazil3°.
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There are several limitations that need to be highlighted in the present study, some of which
were already addressed throughout this discussion. First, the comparison of readmission
rates in our setting with that reported in the United States and other high-income countries
must be made cautiously since there are hospital and health systems level factors, in addition
to patient level factors, that can influence this outcome. In fact, such factors likely influence
two other outcomes related to hospitalizations, LOS and in-hospital mortality, for which
published results can be compared. The median index hospitalization LOS observed in our
study is >2-fold higher than previously described in a US study (12 days versus5 days
reported by Berry et al'6). One explanation for this difference is the primary cause of the
hospitalization as AIDS-related hospitalizations are associated with longer LOS than non-
AIDS related ones both in high- and middle-income settings36-38. Moreover, in our study,
AIDS-related hospitalizations comprised almost half of the hospitalizations while in Berry et
al. in represented only 9.6% of the index hospitalizations!®. In addition, the pressure to
reduce LOS in US hospitals has led to significant reductions in LOS3® while this is much
less present in the Brazilian public health system. An examination of in-hospital mortality
results also shed light on the discussion. In a previous study from our hospital, we found that
in-hospital mortality for HIV-infected patients was 9.2%, which contrasts with the 2.6%
mortality rate reported by a tertiary hospital in New York*. Of note, the potential inverse
correlation between in-hospital mortality and readmission risk (i.e. the higher the mortality
rate the lower the readmission*!) may also be playing a role.

Second, our study sample is from a single cohort that has access to an outpatient clinic as
well as an infectious diseases hospital located in Rio de Janeiro, hence our results may not
reflect those for other HIV populations in Brazil. Third, hospitalizations at Evandro Chagas
hospital are restricted to non-surgical and non-obstetrics procedures, and, as mentioned
earlier, oncologic hospitalizations (except for Kaposi sarcoma) are mainly referred to an
oncological hospital and therefore our rates do not represent the entire sort of events that can
happen to an HIV infected patient. Furthermore, we cannot rule out the occurrence of
readmissions to other hospitals, implying that our readmission rate may be underestimated.
Finally, other factors, not addressed in the present study, were found associated with
readmission and merit further investigation including socioeconomic (income, housing
stability, social/family support), behavioral (alcohol use) as well as comorbidities (in
particular mental illnesses). For instance, Feller et al., while studying readmission in HIV
infected patients in New York State, identified that multiple comorbidities, alcohol abuse,
diagnosis of depression or psychosis, previous hospitalizations and emergency department
visits and unstable housing all increased the risk of 30-day readmission?!. Additionally,
recent studies have shown that functional status at index hospitalization can also be
associated with early readmissions#2:43,

In summary, we found that the 30-day readmission rate in our HIV infected cohort of
patients was 14%. To our knowledge, ours is the first study to estimate and address 30-day
readmission among HIV infected individuals in Brazil and, as such, provides a benchmark
until more comprehensive data is available for the country. We also showed that attending an
early medical visit after discharge had an important effect on preventing readmissions; this
finding could be used to create/modify transition protocols to reduce readmission rates in the
future. Finally, we demonstrated that patients with advanced HIV/AIDS (i.e. low CD4
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counts) have higher risk of readmission and that ART may reduce this risk, thus indicating
early HIV diagnosis and prompt ART start as strategies that could reduce 30-day
readmissions.
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Enrolled between Jan/85 and Dec/2013,
alive and active as of Jan/07
(3991 patients)
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A 4

A 4

977 patients were hospitalized

3014 patients never hospitalized

\ 4

1861 hospitalizations

A 4

Excluded hospitalizations (n=217)

16 hospitalizations occurred in 1% month of study (before 01 Feb 2007)
29 hospitalizations occurred in last month of study (after 30 Nov 2013)
134 potential index hospitalizations ended in death

38 potential readmissions were included in readmission chains

1664 hospitalizations

1442 index hospitalizations 202 30-day readmissions |:> 30-day readmission rate = 14%

Figure 1. Patients and hospitalizations
Flowchart showing patient selection, total number of hospitalizations, hospitalization

exclusion criteria and 30-day readmission rate.
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Bacterial
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Figure 2. Index hospitalizations causes and 30-day readmission rates per diagnosis
Left panel shows proportion of index hospitalizations by cause of hospitalization. Right

panel shows readmissions rate by index hospitalization cause. CVD: cardiovascular diseases.
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Age (per year increase)
Time since HIV infection diagnosis: < 31 days (ref 1-5 years)
Time since HIV infection diagnosis: 31-365 days

Time since HIV infection diagnosis: 5-10 years

Time since HIV infection diagnosis: >10 years

CD4 counts: 201-350 (ref >350)

CD4 counts: 51-200

CD4 counts: <51

CD4 counts: missing

ART use prior to index hospitalization

Medical visit within 30 days after discharge

Length of stay: 8-14 days (ref <8days)

Length of stay: 15-21 days

Length of stay: >21 days

ICU admission

aHR Lower CI Upper CI

1.00
1.40
1.14
113
1.58
1.16
1.70
205
1.13
0.73
0.73
0.97
1.04
117
1.39

Type of discharge: against medical advice (ref formal discharge) 2.67

Type of discharge: transfer to another hospital
Type of discharge: unknown

Year of hospitalization (per year increase)

179
1.08
0.89

0.98
0.80
0.70
071
0.98
0.69
1.07
129
0.66
0.49
0.54
0.64
0.65
0.76
0.92
1.37
0.92
0.59
0.82

Figure 3. Adjusted extended Cox regression model
Hazard ratios and 95% confidence intervals for 30-day readmission.

1.01
242
1.84
1.80
253
1.96
269
3.26
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1.08
1.00
1.46
1.67
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210
5.20
3.50
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0.95

W Unadjusted
® Adjusted

Hazard atios (95% )
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Table 1

Socio-demographic and clinical characteristics and unadjusted hazard ratios (95% confidence interval) for
patients who hospitalized stratified by readmission, INI cohort.

Index hospitalizations 30-day readmission

Unadjusted models uHR
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1duosnuen Joyiny

Total (N = 1442) No (N=1240%)  VYes(N=202) (95% Cl)
Sex at birth
Male 932 (64.6) 802 (64.7) 130 (64.4) ref
Female 510 (35.4) 438 (35.3) 72 (35.6) 1.02 (0.75, 1.37)

Age*(years) median (IQR)

39.9 (33.2,47.1)

40 (33.3,47.2)

38.8(32.2,46.7)

0.99 (.098, 1.01)

<30 years 233 (16.2) 195 (15.7) 38(18.8) ref

30-39 years 496 (34.4) 428 (34.5) 68 (33.7) 0.85 (0.57, 1.27)

40-49 years 447 (31) 388 (31.3) 59 (29.2) 0.81 (0.54, 1.22)

250 years 266 (18.4) 229 (18.5) 37(18.3) 0.87 (0.55, 1.36)
Race/ethnicity

White 616 (42.7) 536 (43.2) 80 (39.6) ref

Non White 826 (57.3) 704 (56.8) 122 (60.4) 1.16 (0.87, 1.56)
Educational level

Up to 9 years 1026 (71.2) 878 (70.8) 148 (73.3) ref

More than 9 years 416 (28.8) 362 (29.2) 54 (26.7) 0.88 (0.64, 1.22)
HIV exposure category

Heterosexual 900 (62.4) 782 (63.1) 118 (58.4) ref

MSM 446 (30.9) 381 (30.7) 65 (32.2) 1.11(0.82, 1.52)

1DU 46 (3.2) 36 (2.9) 10 (5) 1.76 (0.88, 3.51)

Other/unknown 50 (3.5) 41 (3.3) 9(4.5) 1.45(0.71, 2.94)
Time since HIV diagnosis (years) * 5.4 (0.8,11.3) 54(0.9,11.3)  46(0.3113)

<30 days 136 (9.4) 106 (8.5) 30(14.9) 2.16 (1.32, 3.55)

31-365 days 257 (17.8) 218 (17.6) 39(19.3) 1.42 (0.88, 2.29)

1-5 years 305 (21.2) 272 (21.9) 33(16.3) ref

5-10 years 294 (20.4) 260 (21) 34 (16.8) 1.07 (0.68, 1.69)

>10 years 450 (31.2) 384 (31) 66 (32.7) 1.38(0.89, 2.14)

CD4 ” (cells/mm3), median (IQR)

177 (56,395)

191 (62,414)

118 (32,257)

>350 360 (25) 327 (26.4) 33(16.3) ref
201-350 222 (15.4) 198 (16) 24 (11.9) 1.18 (0.69, 2.01)
51-200 391 (27.1) 328 (26.5) 63 (31.2) 1.87(1.20, 2.91)
<50 283 (19.6) 223 (18) 60 (29.7) 2.51(1.61,3.92)
Missing 186 (12.9) 164 (13.2) 22 (10.9) 1.36 (0.80, 2.31)
HIV viral load *(copies/mL)
<400 499 (34.6) 436 (35.2) 63 (31.2) ref
>400 699 (48.5) 597 (48.1) 102 (50.5) 1.16 (0.85, 1.60)
Missing 244 (16.9) 207 (16.7) 37(18.3) 1.19 (0.79, 1.79)

ART use prior to index hospitalization
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Index hospitalizations 30-day readmission
Unadjusted models uHR
Total (N = 1442) No (N=1240%)  VYes(N=202) (95% Cl)

No 362 (25.1) 294 (23.7) 68 (33.7) ref

Yes 1080 (74.9) 946 (76.3) 134 (66.3) 0.64 (0.47, 0.87)
Time on ART (years), median (IQR) 42(1.1,9.1) 42(11,91)  42(08,86)
Length of stay, median (IQR) * 12(7.22) 12(7.22) 16 (8,28)

<7 days 12 (7,22) 364 (29.4) 45 (22.3) ref

8-14 days 409 (28.4) 356 (28.7) 50 (24.8) 1.12 (0.75, 1.67)

15-21 days 406 (28.2) 198 (16) 34 (16.8) 1.35 (0.86, 2.12)

>21 days 232 (16.1) 322 (26) 73(36.1) 1.74 (1.19, 2.54)
Type of discharge *

Medical discharge 1300 (90.2) 1128 (91) 172 (85.1) ref

Against medical advice 42 (2.9) 31 (2.5) 11 (5.4) 2.35(1.25, 4.42)

Transfer 33(2.3) 25 (2) 8 (4) 1.87 (0.98, 3.59)

Unknown 67 (4.6) 56 (4.5) 11 (5.4) 1.25 (0.68, 2.30)
ICU admission ™ 148 (10.3) 117 (9.4) 31(15.3) 1.68 (1.14, 2.48)
Medical visit within 30 days after 1002 (69.5) 926 (74.7) 76 (37.6) 0.75 (0.55, 1.03)
discharge®
Year of hospitalization 0.87 (0.81, 0.94)9

2007 126 (8.7) 101 (8.1) 25 (12.4)

2008 217 (15) 177 (14.3) 40 (19.8)

2009 226 (15.7) 196 (15.8) 30 (14.9)

2010 211 (14.6) 170 (13.7) 41 (20.3)

2011 268 (18.6) 241 (19.4) 27 (13.9)

2012 220 (15.3) 198 (16) 22 (10.9)

2013 174 (12.1) 157 (12.7) 17 (8.4)

MSM: Men who have sex with men; IDU: Injectable drug use; ART: combination antiretroviral therapy; ICU: intensive care unit; uHR: unadjusted

hazard ratio.

*
Refers to index hospitalization or index hospitalization admission date.

alncludes 16 patients who died within 30 days (without been readmitted)

bLength of time of ART use prior to index hospitalization admission.

Defined as a medical visit before end of follow-up or readmission, for those who readmitted.

Year of hospitalization was included in the model as a continuous variable.
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