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INTRODUCTION: Although some factors associated with
rehospitalization after community-acquired pneumonia
have been identified, other factors such as medical care uti-
lization and medication usage have not been previously
studied. We investigated novel predictors of rehospitaliza-
tion in patients admitted with pneumonia.

METHODS: Using Department of Veteran Affairs (VA)
administrative data from October 2001 to September 2007,
we examined a cohort of patients 65 years old and older,
who were hospitalized with pneumonia, in 150 VA acute
care hospitals. The cohort was randomly split into derivation
and validation samples, and then logistic regression models
were used to identify and validate predictors of all-cause
rehospitalization within 30 days.

RESULTS: Of the 45,134 subjects, 13% were rehospitalized
within 30 days. No significant differences were noted

between the derivation and validation cohorts. Factors
associated with readmission included age, marital status,
chronic renal disease, prior malignancy, nursing home resi-
dence, congestive heart failure, use of oral corticosteroids,
number of emergency department visits a year prior, prior
admission, number of outpatient clinic visits in a year prior,
and length of hospital stay. The C statistics for the deriva-
tion and validation models were 0.615 and 0.613,
respectively.

CONCLUSIONS: Factors associated with readmission were
largely unrelated to the underlying pneumonia, but were
related to demographics, comorbidities, healthcare
utilization, and length of stay on index admission. Journal of
Hospital Medicine 2014;9:379-383. 2014 Society of
Hospital Medicine

Pneumonia remains a significant problem in the United
States, both in terms of mortality as well as cost to the
healthcare system. Each year, over 1 million patients
are hospitalized for pneumonia, with costs conserva-
tively estimated at more than $7 billion in 2010." One
contributing factor for these costs is that pneumonia is
the second most frequent reason for rehospitalization.?
Rehospitalization after admission for pneumonia is
now used as a marker for quality of care.

Given the cost and adverse outcomes of pneumonia,
it is important to examine early rehospitalization to
better understand what factors play a role. Studies
have examined factors associated with readmission
following an initial pneumonia-related hospitalization.
Adamuz et al. showed that additional healthcare visits
and rehospitalizations within 30 days of discharge
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from the hospital were common and were associated
with worsening of signs or symptoms of pneumonia
and/or comorbidities.> Other studies demonstrated
that “instability” on hospital discharge, as well as
treatment failure, were associated with increased risk
of rehospitalization.*’ Jasti et al. found rehospitaliza-
tions following pneumonia were usually comorbidity
related, primarily cardiopulmonary and/or neurologic
disease, rather than due to the index pneumonia.®
Many of these studies, and others looking at age,
activity of daily living score, socioeconomic status,
and comorbidity characteristics, were performed in
relatively small cohorts. Predictors of rehospitalization
have not been studied in a large cohort of patients in
an integrated healthcare system.

Our study looks at factors not addressed in prior
studies that have used administrative claims data to
identify factors associated with early readmission. We
also evaluated these admission risk factors in a vet-
eran population, whereas prior studies have primarily
focused on those who receive Medicare. The purpose
of this study was to examine predictors of early (<30
days) readmission in the Veterans Affairs (VA) health-
care system for patients age 65 years and older hospi-
talized for pneumonia. Our a priori hypothesis was
that comorbid illnesses, such as congestive heart fail-
ure and chronic obstructive pulmonary disease, and
patients with high medical complexity, such as high
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number of medications and/or prior hospitalizations
and nursing home residence, are the primary factors
associated with increased risk of rehospitalization.

METHODS

For this national cohort study, we used data from the
VA healthcare system administrative and clinical data-
bases that serve as repositories of clinical data from
more than 150 VA hospitals and 850 outpatient clin-
ics throughout the United States. The institutional
review boards of the University of Texas Health Sci-
ence Center at San Antonio and VA North Texas
Health Care System approved this study. Details
regarding the study design and methods were previ-
ously published.”

Inclusion Criteria
Patients included in this study were hospitalized
between October 2001 and September 2007, had a
primary diagnosis of pneumonia/influenza (Interna-
tional Classification of Diseases, 9th Revision [ICD-9]
codes 480.0-483.99 or 485-487) or a secondary dis-
charge diagnosis of pneumonia with a primary diag-
nosis of respiratory failure (ICD-9 code 518.81) or
sepsis (ICD-9 code 038.xx),® and were aged 65 years
or older on the date of admission. To ensure patients
obtained their care primarily at the VA, at least 1 VA
outpatient clinic visit in the year preceding the index
admission and at least 1 active and filled outpatient
medication from a VA pharmacy within 90 days of
admission were required for inclusion.

If a patient was admitted more than once during
the study period, only the first hospitalization was
included as the index admission.

Exclusion Criteria

Patients who died during the initial hospitalization
were not included in this study. Patients admitted to
hospitals with fewer than 25 reported hospitalizations
during October 2001 to September 2007 were
excluded, as these hospitals are neither representative
nor generalizable. This resulted in the removal of 59
patients from 5 different hospitals.

Data Sources and Definitions
We used inpatient and outpatient demographic, utili-
zation, and comorbidity data from the National
Patient Care Database. Pharmacy data were extracted
from the Decision Support System National Data
Extracts and Pharmacy Benefits Management. Vital
status information was obtained from the Vital Status
file, which incorporates data from veterans’ death
benefits claims, inpatient deaths, Medicare Vital Status
files, and the Social Security Administration’s death
master file. We used encrypted patient identifiers link
to information across these databases.

We obtained demographic information (age, sex,
race, marital status) from inpatient and outpatient
data. We categorized race as white, black, Hispanic,

and other/unknown. To infer active smoking and/or
tobacco cessation attempts, we identified ICD-9 codes
for tobacco use (305.1, V15.82), smoking cessation
clinic use, and/or use of medications for the treatment
of nicotine dependence (Zyban, nicotine replacement,
or varenicline). We used VA priority status as a proxy
for socioeconomic and disability status. VA priority
groups are a way for the VA to focus limited funds to
those veterans most in need. The highest group (prior-
ity group 1) must have at least a 50% service-
connected disability. Priority groups 2 through 6
include veterans with up to 40% service-connected
disability, former prisoners of war, those awarded cer-
tain honors, veterans with lower incomes, and the cat-
astrophically disabled. The lowest groups (priority
groups 7 and 8) include veterans with relatively higher
incomes who agree to pay copayments.’

We also obtained information on comorbid condi-
tions from inpatient and outpatient administrative
data. We defined alcohol abuse using ICD-9 codes
291, 303, 305.0, and illicit drug use with ICD-9 codes
292, 304, 305 excluding 305.0-.1. We used the Charl-
son Comorbidity Index to quantify levels of preexist-
ing comorbidity'® adapted for administrative
databases, using ICD-9 codes for 19 comorbid condi-
tions from prior outpatient and inpatient encounters.
We defined cardiovascular events and lung cancer that
were diagnosed during the hospitalization as previ-
ously described.'!"'?

Outcomes

Our primary study outcome was readmission within
30 days of hospital discharge for pneumonia from any
VA acute care hospital only. Medicare has used 30-
day readmission as a quality indicator, as readmissions
that occur closer to discharge are believed to be more
likely due to events during the index hospitalization.'?

Statistical Analyses
We randomly divided patients from our initial cohort
into equal derivation or validation cohorts. We assessed
differences between the 2 groups using the Student #
test for continuous variables and % test for categorical
variables. We performed univariate logistic regression
analyses in the derivation cohort to examine the rela-
tionship between 30-day rehospitalization and each of
our potential covariates. We entered covariates that
were significant at P<0.10 in the univariate analyses
into a multiple regression model. Significant covariates
at P<0.10 were then entered into the final model. For
this model, we used bootstrapping with replacement in
1000 replications to obtain standard errors of our coef-
ficients and associated P values. Because some subjects
had more than 1 index admission, we used robust var-
iance—covariance matrix estimators to compute stand-
ard errors for model coefficients.

We used the C statistic to assess the discrimination
of our model. Calibration of this model was measured
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TABLE 1. Comparison of Patients Hospitalized With
Pneumonia in the Derivation and Validation Cohorts

Derivation Validation
Cohort, Cohort,
Characteristics N = 22,567 N = 22,567 P Value
Sociodemographics
Age, mean (SD) 71.3(6.5) 77.2(6.5) 030
Male, no (%) 22,133(%8.1) 22,175(983) 0.14
White, no (%) 18,858 (83.6) 18,719(83.0) 0.08
Black, no (%) 2,562 (11.4) 2,583 (11.5) 0.76
Hispanic, no (%) 1,337 (5.9) 1,414 (6.3) 013
Married, no (%) 12,166 (53.9) 12,258 (54.3) 039
VA priority group, no (%) 0.28
1 4,286 (19.0 4,281 (19.0
2-6 16,306 (72.3) 16,399 (72.8)
7-8 1,954 (8.7) 1,860 (8.3)
Nursing home residence, no (%) 199(09) 216 (1.0) 0.41
Smoker status, no (%) 8,579 (38.0) 8,677 (38.5) 0.34
Index hospitalization factors
Myocardial infarction during 469 2.1) 452(2.0) 057
hospitalization, no (%)
Heart failure during hospitalization, no (%) 4,817 (21.4) 4772(21.2) 0.61
Arrhythmia during hospitalization, no (%) 4,356 (19.3) 4,287 (19.0) 041
Length of stay, mean (SD) 72(104) 72(117) 0.76
Lung cancer diagnosis during 31(0.1) 31(0.1) 1.00
hospitalization, no (%)
ICU admission, no (%) 2,282 (10.1) 2,336 (10.4) 040
Guideling concordant antibiotics, no (%) 20,724 (91.9) 20,643 (91.5) 017
Invasive mechanical ventilation, no (%) 793 (3.5) 832 (3.7) 032
\iasopressor use, no (%) 495(2.2) 489(2.2) 0.85
Hospital complications, no (%)
Renal organ failure 2,671 (11.8) 2,640 (11.7) 065
Cardiac organ failure 1,004 (4.5) 959 (4.3) 0.30
Hepatic organ failure 33(0.2) 40(02) 0.41
Respiratory organ failure 1,623(7.2) 1,583 (7.0) 046
Comorbid illnesses
Medical, no (%)
Myocardial infarction 1,528 (6.8) 1,542 (6.8) 0.79
Congestive heart failure 5,815 (25.8) 5,697 (25.2) 0.20
Peripheral vascular disease 343 (15.1) 3,454 (15.3) 059
Cerebrovascular disease 3993 (17.7) 4,078 (18.1) 030
Dementia 1,141 (6.1) 1,110(49 0.50
CoPD 12,168 (53.9) 12,076 (53.5) 0.39
Rheumatologic disease 646 (2.9) 660 (2.9) 0.69
Peptic ulcer disease 795 (3.5) 723(3.2) 0.06
Severe liver disease 169 (0.8) 169 (0.8) 1.00
Mild liver disease 78(0.4) 80(04) 0.87
Diabetes 7310 (32.4) 7410 (32.8) 032
Diabetes with complications 2,229(9.9) 2,248 (10.0) 077
Chronic renal disease 2,836 (12.6) 2,745(12.2) 019
Hemi/paraplegia 319(1.4) 338 (1.5) 0.46
Any prior malignancy 5226 (23.2) 5,269 (23.4) 0.63
Metastatic solid tumor 748 (3.9) 795 (3.5) 0.2
AIDS 56 (0.3) 49(0.2) 049
HIV 23(0.1) 13(0.1) 0.10
Alcohol abuse 897 (4.0) 934 (4.9) 0.38
Drug abuse 254(1.1) 255(1.1) 0.96
Psychiatric, no (%)
Anxiety disorder 1,692 (7.5) 1,722 (1.6) 059
Depression indicator 3,655 (16.2) 3,718 (16.5) 042
Bipolar disorder 430(1.9) 433(1.9) 0.92
Cataract indicator 6,106 (27.1) 6,180 (27.4) 043
Prostatitis indicator 4,680 (20.7) 4,593 (20.4) 0.31
Schizophrenia indicator 685 (3.0) 676 (3.0) 0.80
Post-traumatic stress disorder 844 (3.7) 862 (3.8) 0.66
Medication history within 90 days
Cardiovascular drugs, mean (SD) 1.8(1.6) 1.8(1.6) 0.65
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TABLE 1. Continued

Derivation Validation
Cohort, Cohort,

Characteristics N = 22,567 N = 22,567 P Value

Diabetes drugs, mean (SD) 03(0.7) 03(0.7) 0.60

Inhaled corticosteroids, mean (SD) 04(0.9 04(09 0.28

Pulmonary drug, mean (SD) 1.3(2.0) 1.3(2.0) 0.36

Oral corticosteroids, no (%) 5,363 (23.8) 5,505 (24.4) 0.12
Prior medical utilization

Number of primary care clinic visits 49(4.2) 49(4.2) 0.67

within 1 year, mean (SD)

Number of emergency department visits 1.2(2.0) 12(2.0) 0.86

within 1 year, mean (D)

Number of outpatient clinic visits 147(13) 146(13.0) 033

within 1 year, mean (SD)

Number of speciatty clinic visits 34(5.5) 3.3(54) 0.50
within 1 year, mean (SD)
Prior hospital admission
within 90 days, no (%)

5,062 (22.4) 5141(22.8) 037

NOTE: Abbreviations: AIDS, acquired immune deficiency syndrome; COPD, chronic obstructive pulmonary
disease; HIV, human immunodeficiency virus; ICU, intensive care unit; SD, standard deviation.

using the Hosmer-Lemeshow y* goodness of fit test,
using 10 quantiles to group the data. We evaluated
differences in discrimination between the derivation
and validation cohorts by comparing C statistics.

Last, using the final model in the derivation cohort,
5 categories of severity were created based on sub-
jects” predicted risk values for readmission. Severity
categories in both the derivation and validation
cohorts were then graphically evaluated.

We defined statistical significance as a 2-tailed P
value of <0.05. We used Stata 12 (StataCorp, College
Station, TX) for all analyses.

RESULTS

Patient Characteristics

Of the 45,134 eligible patients, 13.2% were rehospi-
talized within 30 days, and rates by hospital ranged
from 1.6% to 20.7%. Table 1 presents the compari-
son of baseline difference between the derivation and
validation cohorts. There were no statistically signifi-
cant differences between the 2 groups. Overall, the
mean age was 77 years, 98% were male, and 54%
were married. Over 90% of the patients received
guideline-concordant antibiotics, and only 10%
required a stay in the intensive care unit (ICU). The

average length of stay was 7 days (standard deviation
of 11 days).

Predictors of 30-Day Readmission

All variables listed in Table 1 were evaluated. The
derivation logistic regression model is shown in Table
2, and only includes predictors associated with reho-
spitalization. Antibiotic concordance and time in the
ICU were evaluated and did not predict readmission.
Variables that were significantly associated with
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TABLE 2. Multivariable Predictors of 30-Day
Readmission (Derivation Cohort)*

95% Cl
Predictors OR Lower Upper P Value
Sociodemographics
Age at admission 1.01 1.00 1.02 <0.01
White 1.14 1.02 1.28 0.02
Nonwhite" 1.00
Hispanic 1.26 1.07 147 0.01
Not Hispanict 1.00
Married 0.89 0.82 0.96 <0.01
Not married® 1.00
Nursing home residence 1.68 118 2.39 <0.01
Comorbid illngsses
Peptic ulcer disease 124 1.02 1.50 0.03
Chronic renal disease 118 1.06 1.33 <0.01
Any prior malignancy 117 1.06 1.28 <0.01
Metastatic solid tumor 120 098 147 0.08
AIDS 1.99 1.06 374 0.03
Index admission factors
Heart failure on initial admission 118 1.07 1.29 <0.01
Length of stay (per day) 097 097 098 <0.01
Medication history
Cardiovascular drug count 90 days prior ~ 1.03 1.00 1.06 0.02
Oral corticosteroids 90 days prior 1.16 1.06 1.2 <0.01
Prior medical utilization
Number of emergency department 1.04 1.02 1.06 <0.01
visits within 1 year
Number of speciatty clinic visits 1.01 1.00 1.02 0.01
within 1 year
Prior hospital admission within 90 days ~ 1.60 1.46 1.75 <0.01
Number of nonpharmacy clinic visits 1.00 1.00 1.01 <0.01
within 1 year

NOTE: Abbreviations: AIDS, acquired immune deficiency syndrome; Cl, confidence interval; OR, odds
ratio.

“Includes only predictors from Table 1 that predicted readmission.
*Reference group includes native Hawailan, American Indian, black, Asian, and unknown.

“Reference group includes non-Hispanic white, non-Hispanic black, Asian, American Indian, and
unknown.

SReference group includes never married, separated/divorced, widowed, and unknown.

rehospitalization in the models included age, marital
status, the number of emergency department clinic vis-
its a year prior, prior admission within 90 days, num-
ber of nonpharmacy clinic visits in a year prior, and
hospital length of stay. The increasing age and num-
ber of emergency department and clinic visits were
associated with higher odds of readmission. The lon-
ger the length of stay and those patients who were
married had a lower odds of subsequent readmission.
Other variables included were the presence of chronic
renal disease, prior malignancy, nursing home resi-
dence, congestive heart failure, and prior use of oral
corticosteroids. The C statistics for the derivation and
validation models were 0.615 and 0.613, respectively.
There were no significant differences in any of the var-
iables between the derivation and validation cohorts.

Figure 1 shows that the derivation and validation
models are similar in percent rehospitalization group
in all severity groups.

DISCUSSION

Sociodemographics and comorbidities, which are
“host” factors, were significantly associated with reho-
spitalization of elderly patients admitted for pneumonia
and length of hospital stay, the only pneumonia-
specific variable associated with readmission.®'*-1¢
Higher rates of all types of prior utilization (inpatient,
outpatient, emergency department visits) were also
associated with higher risk of rehospitalization. Our
findings highlight the role that host factors play in
rehospitalization of elderly patients with pneumonia
and that there are few potentially modifiable targets to
help reduce readmissions after pneumonia.

These findings may indicate 2 things: patients in this
cohort are sicker than the general population at baseline
and therefore require more medical care, and/or they are
being evaluated by more providers increasing the chance
they will be readmitted. For the former, an example is the
association of prior use of oral corticosteroids with reho-
spitalization, which may demonstrate poorly controlled
comorbidities (eg, chronic obstructive lung disease with
recent exacerbation) that require steroid use. Given the
VA’s integrated healthcare system, greater access to pri-
mary care providers may lead to more opportunities for
patients to voice their complaints, which can lead to more
readmissions among severely ill patients. Weinberger et al.
found an increase in hospital readmissions with increased
access to primary care.'” The association of readmission
and length of stay is less likely related to pneumonia-
related clinical instabilities on discharge, but rather to the
ability to address other potential issues related to the
patient’s underlying comorbidities.’

Our study presents a model looking at rehospitaliza-
tion of patients with pneumonia, including factors not
addressed in a prior publication by Lindenauer et al.,
the model Centers for Medicare and Medicaid Services
(CMS) uses to predict early rehospitalization.'® Linde-
nauer’s model included 39 variables (of which 37 were
clinical variables), including vertebral fractures, other
injuries, other gastrointestinal disorders, other urinary
tract disorders, as well as demographic and comorbid-
ity factors that were similar to some of those included
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FIG. 1. Risk of 30-day readmission in the derivation versus validation cohort
by pneumonia severity on admission.
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in our study. Their 30-day rehospitalization medical
record and administrative models had a C statistic of
0.59 and 0.63, respectively. A major difference between
our presented model and the latter are the data on uti-
lization of medical care. Despite these additional data,
the resulting C statistics of 0.615 and 0.613 were not
qualitatively better.

The similar C statistics demonstrates that factors
playing a significant role in determining rehospitaliza-
tion have yet to be identified, and it is not clear if
researchers will be able to identify potentially modifi-
able risk factors for rehospitalization. Examples of
other potential factors that should be examined in
future studies include family/community support,
quality of the transition of care back to their resi-
dence, and quality of inpatient care. Calvillo-King
et al. found a broad range of social factors that poten-
tially affect the risk of postdischarge readmission for
chronic heart failure.!” For pneumonia, there were
few studies that assessed the risk of social factors on
readmission, and these were most commonly rather
broad categories such as race/ethnicity or nursing
home residence. In the publications that studied social
factors and readmissions, there were inconsistent asso-
ciations between hospital readmission with lower edu-
cation, low income, and unemployment. Future
articles may benefit from taking these additional fac-
tors into account.

Potential limitations to our study include the over-
whelming majority of patients being male and in a
VA population, which may limit generalizability. In
addition, no data were available on the quality of the
transition of care. Furthermore, limitations include the
age of the data and the lack of evaluation of outpa-
tient follow-up and antibiotics on discharge. Though
our data are up to 10 years old, this study evaluates
risk factors that are still relevant. Finally, some varia-
bles noted in the CMS model were not evaluated in
our study, such as protein-calorie malnutrition, skin
ulcers, and fracture history. Given these differences,
we were unable to directly compare the performance
of the 2 models.

Despite examining novel factors related to prior
healthcare utilization, our model still performed sub-
optimally in identifying subjects at risk for rehospitali-
zation after pneumonia. Future studies need to
examine other social factors and patient frailty that
may increase the risk of readmissions, as well as
examine the impact of clinical stability on discharge.
It remains to be determined if readmissions after

Rehospitalization After Pneumonia | Tang et al.

pneumonia are truly preventable or mostly attribut-
able to the patient’s prior health status.
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