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Abstract

Rationale: Pneumonia is a frequent cause of hospitalization, yet
drivers of post-pneumonia morbidity remain poorly characterized.
Causes of hospital readmissions may elucidate important sources of
morbidity and are of particular interest given the U.S. Hospital
Readmission Reductions Program.

Objectives: To review the primary diagnoses of early (<30 d)
and late (>31 d) readmissions after pneumonia hospitalization.

Methods: Systematic review of MEDLINE, Embase, and CINAHL
databases. We identified original research studies of adults aged
18 years or older, hospitalized for pneumonia, and for whom
cause-specific readmission rates were reported. Two authors
abstracted study results and assessed study quality.

Measurements and Main Results: Of the 1,243 citations
identified, 12 met eligibility criteria. Included studies were
conducted in the United States, Spain, Canada, Croatia, and
Sweden. All-cause 30-day readmission rates ranged from 16.8 to
20.1% across administrative studies; the weighted average for the
studies using chart review was 11.6% (15.6% in United States–
based studies). Pneumonia, heart failure/cardiovascular causes,
and chronic obstructive pulmonary disease/pulmonary causes are
the most common reasons for early readmission after pneumonia

hospitalization. Although it was the single most common cause
for readmission, pneumonia accounted for only 17.9 to 29.4% of
all 30-day readmissions in administrative studies and a weighted
average of 23.0% in chart review studies. After accounting for
study population, there was no clear difference in findings
between claims-based versus chart-review studies. Few studies
assessed readmissions beyond 30 days, although the limited
available data suggest similar primary diagnoses for early and
late readmissions. No studies assessed whether reasons for
readmission were similar to patients’ reasons for healthcare use
before hospitalization.

Conclusions: Pneumonia, heart failure/cardiovascular disease,
and chronic obstructive pulmonary disease/pulmonary disease
are the most common readmission diagnoses after pneumonia
hospitalization. Although pneumonia was the most common
readmission diagnosis, it accounted for only a minority of all
readmissions. Late readmission diagnoses are less thoroughly
described, and further research is needed to understand how
hospitalization for pneumonia fits within the broader context of
patients’ health trajectory.
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After childbirth, pneumonia is the most
common cause of hospitalization in the
United States (1). Each year, 1.1 million
patients are hospitalized with pneumonia,
and the vast majority of patients survive to
hospital discharge (2). Once believed to be an
acute illness with minimal repercussions,
pneumonia is increasingly recognized to be
a fundamental turning point in patients’
lives (3), resulting in new functional
limitations (4), cognitive decline (4, 5), and
increased long-term mortality (3, 6–8).
The causes of this persistent mortality
burden remain unclear, and reasons for
rehospitalization may identify important
sources of morbidity in this population.

After the launch of the Hospital
Readmission Reduction Program in 2013
(9), U.S. hospitals with greater-than-
expected 30-day readmission rates after
acute myocardial infarction, pneumonia,
and congestive heart failure hospitalizations
have been subject to penalties from the
Center for Medicare and Medicaid Services
(9). Penalties average z$125,000 per
hospital (10) and can reach $1 million for
large academic centers paying the highest
penalty rate (11).

As a result of the new legislation,
hospitals across the United States have
scrambled to develop interventions to
reduce readmissions. To inform these
efforts, Jencks and colleagues (12) and
Dharmarajan and colleagues (13) analyzed
Medicare claims in fee-for-service
beneficiaries to determine the primary
diagnoses associated with early hospital
readmission. However, administrative
data—particularly diagnosis-related groups
(DRGs)—may not reliably identify
hospitalizations for pneumonia (14). More
recent work has also demonstrated that
pneumonia is increasingly coded as sepsis
(15). Beyond these concerns about the
validity of diagnoses in administrative data,
Jencks and Dharmarajan (12, 13) do not
consider readmission diagnoses in non-
Medicare patients or reasons for
readmission beyond 30 days.

Given the long-lasting—and
incompletely defined—impact of
pneumonia, the current regulatory
incentives to reduce readmissions, concern
about the validity of administrative data,
and the rising incidence of pneumonia
(16, 17), we sought to systematically
review studies measuring the causes
of readmission after pneumonia
hospitalization. We aim to answer several

questions in this review: (1) What
methodological approaches have been used
to measure the reasons for readmission
after pneumonia hospitalization, and do
findings differ by study methodology? (2)
What are the primary diagnoses associated
with early (<30-d) readmission after
pneumonia hospitalization, relevant to
the financial penalties? (3) What are the
primary diagnoses associated with late
(>31-d) readmissions that may help
explain the morbidity and excess mortality
experienced by pneumonia survivors? (4)
To what extent are the reasons for hospital
readmission after pneumonia similar to
patients’ reasons for healthcare use before
pneumonia?

Methods

Information Sources and
Search Strategy
To identify studies that assessed the reason
for readmission after a pneumonia
hospitalization, we searched MEDLINE via
PubMed (1966–2014), Embase (1974–
2014), and CINAHL (1981–2014) as of
May 14, 2014. We used Boolean operators,
Boolean logic, and—in MEDLINE and
EMBASE searches—controlled vocabulary
for each keyword. Specifically, we
performed the following searches: In
PubMed, “pneumonia” [MeSH] OR
“pneumonia” [title/abstract] AND “patient
readmission” [MeSH] OR “patient
readmission” [title/abstract]; in Embase,
‘pneumonia’/exp OR ‘pneumonia’ AND
‘hospital’/exp OR ‘hospital’ [Emtree] AND
(‘readmission’/exp OR readmission); in
CINAHL, SU “pneumonia” AND TX
“readmission.” We set no limits on
language, patient age, or type of study in
the initial searches but did exclude trade
magazine and dissertation publications
in our CINAHL search. We also hand-
searched the reference lists of included
citations.

Because pneumonia hospitalizations
are increasingly coded as sepsis (15), we
conducted preliminary searches for studies
examining readmissions after sepsis
hospitalizations. We used an identical
search strategy to the one described above,
substituting “sepsis” for “pneumonia.”
However, we identified just one conference
abstract that evaluated reasons for
readmissions after sepsis hospitalization;
given the paucity of published information,

we maintained our focus on pneumonia
for ease of presentation. To increase the
sensitivity of our search, we also performed
[title/abstract] searches of the word
“rehospitalization.” This yielded an
additional 71 citations not identified in our
controlled vocabulary search, all of which
we excluded after title review.

Study Eligibility and Selection Criteria
Criteria for study eligibility were (1) adult
subjects, aged 18 years or older; (2)
identification of index hospitalization for
pneumonia; (3) measurement of cause-
specific readmission rates; and (4) original
research publication. Exclusion criteria
included (1) case reports, (2) case series
with fewer than 10 subjects, and (3)
nonoriginal research articles. For studies
using identical datasets, we included the
study reporting outcomes on the most
patients.

One author (H.C.P.) reviewed all titles
for possible inclusion. Two authors (H.C.P.
and M.W.S.) independently reviewed all
abstracts identified potentially eligible after
title review. Two authors (H.C.P. andM.W.S).
then independently reviewed the full text
of each article selected for inclusion by one
or more authors. Disagreement regarding
eligibility of a full text was adjudicated by
discussion between H.C.P. and M.W.S. We
calculated interrater agreement between the
authors with kappa coefficients for (1)
selection of abstracts for full text review,
and (2) selection of full texts for inclusion
(18).

To encompass all available
information, we also present readmission
statistics from the Nationwide Inpatient
Sample (NIS)—a stratified 20% sample of
U.S. community hospitals—available online
for 2009 to 2011 at the Healthcare Cost and
Utilization Project website (19). We queried
readmission rates after hospitalizations
with a primary diagnosis of pneumonia,
defined by clinical classification software
category for pneumonia. We determined
the rate of all-cause readmission,
readmission with a primary diagnosis
of pneumonia, and readmission with
a secondary diagnosis of pneumonia in
2009 to 2011 for patients 18 years of age or
older and for the subset of patients 65 years
of age or older.

Data Abstraction
For each eligible study, two authors (H.C.P.,
M.W.S.) independently abstracted data on

SYSTEMATIC REVIEW

1092 AnnalsATS Volume 11 Number 7| September 2014



study methodology, definitions of exposure
and outcome variables, and the overall and
cause-specific rates of readmission using
a standardized abstraction tool (see
Appendix E1 in the online supplement).
Discrepancies in abstracted data were
adjudicated by discussion between H.C.P.
and M.W.S.

Calculation of Readmission Rates
Some studies reported readmission rates
stratified by a particular characteristic (e.g., by
year of index admission). To simplify the
presentation of results, we combined the strata
and calculated a single readmission rate.

Studies also used different equations to
calculate readmission rates:
To allow for meaningful comparisons across

studies, we recalculated readmission rates
when necessary to present all readmission
rates using Equation 2. When necessary, we
contacted study authors to obtain additional
data to complete these calculations. Due
to marked heterogeneity in the sample size,
demographics, and methodology across
studies, we did not perform a metaanalysis.
However, we present pooled estimates of
readmission rates (weighted by study size)
for studies using chart review to assign
readmission diagnosis.

Study Quality
For each eligible study, H.C.P. and M.W.S.
independently assessed study quality using
criteria adapted from the STrengthening
the Reporting of OBservational studies
in Epidemiology guidelines for reporting
observational research: (1) representativeness
of the study population, (2) mechanism to
identify the index hospitalization for
pneumonia, and (3) mechanism to identify and
assess the cause of hospital readmission (20).

Unfortunately, there is no generally
accepted optimal method to identify index
hospitalizations or readmissions for
pneumonia. Studies assessing claims-based
algorithms reach differing conclusions
regarding the validity of administrative data
(14, 21). Furthermore, the signs and
symptoms of pneumonia are nonspecific,
and no collection of signs, symptoms,
or even radiologic findings confirm a
diagnosis of pneumonia. Thus, reviewing
patients’ charts may also result in
misclassification of the primary hospital
diagnosis. With no consensus on the best
method to identify pneumonia, we did
not rate studies on quality and did not
exclude any studies based on quality
assessment.

Results

Search Results
We identified 1,460 citations, of which 12
studies met eligibility criteria (Figure 1).
Reviewer agreement on selection of
abstracts for full-text evaluation was 88.9%
(k = 0.62) and for inclusion of articles in
the review was 100% (k = 1.0).

Characteristics of the
Included Studies
Study characteristics are provided in
Table 1, and study-specific main findings
are detailed in Table 2. Studies varied

widely in their size, methodology, length
of follow-up, and demographics. Study
populations ranged from single hospital
units to nationwide administrative datasets.
The number of readmissions evaluated
ranged from fewer than 100 in most of the
chart review studies to more than 100,000
in the larger studies of administrative
claims. Mean age of the patients ranged
from 59 to 81 years, and some studies were
limited to elderly populations. Follow-up
ranged from 30 days to several years.
Studies were conducted in the United States
(n = 8), Spain (n = 2), Canada (n = 1),
Croatia (n = 1), and Sweden (n = 1).

Methodology of Included Studies

How were index hospitalizations for
pneumonia identified? Studies varied in
their approach to identifying index
hospitalizations (Table E2). Five used
prospective clinical assessment (22–26), two
used retrospective clinical assessment (27,
28), and five relied on administrative claims
data (29–33). Studies using clinical
assessment often required (1) a clinical
presentation consistent with pneumonia,
and (2) radiologic evidence of an infiltrate.
Some studies specified the clinical
symptoms necessary for diagnosis of
pneumonia (24, 27).

Claims-based definitions drew on
various administrative data, including
International Classification of Diseases,
Ninth Revision, Clinical Modification

-53 studies did not report causes of readmission
-6 studies of patients without pneumonia admission
-4 articles were not original research
-2 were abstracts only

65 citations excluded based on
abstract review

1,161 citations excluded based on
title review

1,243 Unique Citations

Medline
186

Embase
1,114

CINAHL
158

Other
2

5 citations excluded based on
full text review

-3 did not report causes of readmission
-2 used datasets identical to included citations

12 Citations
Included in the Review

17 Citations Selected
for Full Text Review

82 Citations Selected
for Abstract Review

Figure 1. Flow diagram for study search.

number of patients readmittedOnumber
of patients with an index
hospitalization (1)

number of patients readmittedOnumber
of patients  discharged alive  from
index hospitalization (2)

number of patients readmitted for
a specific conditionOtotal number
of patients readmitted: (3)
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(ICD-9-CM) (13, 29), ICD-10 (31), and
DRG codes (12, 30). All studies required
a primary diagnosis code or DRG for
pneumonia, with the exception of one
study that also included hospitalizations
with principal diagnoses of sepsis
(038.0–038.9) or respiratory failure
(518.21), with a secondary diagnosis of
pneumonia (29).

How were the reasons for hospital
readmission assessed? Studies varied in their
approach to defining the cause of readmission.
Five studies used retrospective clinical
assessment (23, 25–27), and seven studies used
administrative data (12, 13, 29–31) (Table E3).

To define pneumonia as the cause of
readmission, clinical assessment strategies
required both (1) clinical symptoms of
pneumonia, and (2) radiographic evidence
of an infiltrate on admission. In the event of
insufficient documentation to determine
presence of an infiltrate, two studies
accepted alternate criteria of hypoxia (26)
or hypoxia and leukocytosis (23).

Studies using administrative claims
relied on various data sources, including

DRGs (12, 30), ICD-9-CM codes (24, 29),
ICD-10 codes (24, 31), and Centers for
Medicare & Medicaid Services condition
categories (13). Most claims-based
definitions required a principal diagnosis of
pneumonia, but some studies accepted
additional principal diagnoses, such as
the DRG for “respiratory diagnosis with
ventilator support” (475) (30) or the
ICD-9-CM for sepsis (038.0–038.9) or
respiratory failure (518.21) with a
secondary diagnosis of pneumonia (29).

Studies used varying degrees of
specificity to assign causes for readmission
for diagnoses other than pneumonia, but
followed two general approaches: (1)
assigning a specific diagnosis (e.g., chronic
obstructive pulmonary disease [COPD])
(12, 28, 30), or (2) assigning the general
organ system (e.g., pulmonary) or broad
clinical category (e.g., neoplastic) (23–26)
(Table E4). Two studies fell toward the
middle of this continuum and combined
specific diagnoses into discrete categories
with more specificity than the general
organ system or clinical category approach

(e.g., a category of asthma or COPD)
(13, 22). No studies assessed whether
readmissions were due to new
comorbidities versus exacerbations
of preexisting conditions.

Early Readmissions after
a Hospitalization for Pneumonia

How often are patients readmitted within
30 days? Eight studies assessed all-cause
30-day readmissions after pneumonia
hospitalization, with rates ranging from
7.3 to 20.1% (12, 13, 23, 25–28, 30) across
individual studies. In the NIS 2009 to 2011,
16.8% of adults 18 years or older and
18.1% of adults 65 years or older were
readmitted for any cause within 30 days of
hospital discharge. The pooled all-cause
30-day readmission was 11.6% in studies
using chart review and 15.6% in the subset
of U.S.-based studies.

Rates of all-cause 30-day readmission
were generally higher in U.S.-based versus
non–U.S.-based studies and in elderly
populations (>65 yr) versus general adult

Table 1. Characteristics of studies reporting reason for readmission after hospitalization for pneumonia

Author
(Reference)

Country Study
Population

Enrollment
Years

Index
Discharges

(Alive)

Age,
(Mean
or

Median, yr)

Follow-up
Duration

All-Cause
30-d

Readmission
Rate (%)

30-d
Readmission

Rate for
Pneumonia (%)

Studies using claims assessment to determine of cause for readmission
Hedlund (22) Sweden 1 Hospital,

specific unit
1987 241 62 Up to 3 yr — —

1991–1993 95 69.6 6 mo — —
Metersky (29) United

States
Connecticut
Medicare
Beneficiaries

1992–1997 34,500 80 30 d — 3.4

Bohannon (30) United
States

1 Hospital 1999–2000 892 81.3 1 yr 16.8 —

Polić-Vizintin (31) Croatia 7 Hospitals 1998–2000 180 66 Up to 3 yr — —
Johnstone (24) Canada 6 Hospitals 2000–2002 2,950 68.9 Median 3.8 yr 2.2
Jencks (12) United

States
All fee-for-service
Medicare
beneficiaries

2003–2004 — — 1 yr 20.1 5.9

Dharmarajan (13) United
States

All fee-for-service
Medicare
beneficiaries

2007–2009 1,168,624 80 30 d 18.3 4.1

HCUP (NIS,
patients
181 yr) (19)

United
States

20% Stratified
sample of U.S.
community
hospitals

2009–2011 2,544,265 — 30 d 16.8 3.0

Studies using chart review to determine cause for readmission
Jasti (23) United

States
7 Hospitals 1998–1999 577 71 30 d 12 2.4

Capelastegui (25) Spain 1 Hospital 2003–2007 1,117 69 30 d 7.3 2.6
Adamuz (26) Spain 1 Hospital 2007–2009 828 71 30 d 8.7 3.4
Aliberti (27) United

States
1 Hospital 2001–2006 464 72 30 d 13.6 3.9

Shorr (28) United
States

1 Hospital 2010 771 59 30 d 19.3 1.4

HCUP = Healthcare Cost and Utilization Project; NIS = Nationwide Inpatient Sample.
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Table 2. Major findings of studies reporting reason readmission after hospitalization for pneumonia

Author (Reference) Year Country Major Findings

Studies with claims assessment to determine of cause for readmission
Hedlund (22) 1995 Sweden 20.7% of patients were readmitted with pneumonia

within average of 31 mo follow-up period; 8.1
episodes pneumonia per 100 person-years in
pneumonia survivors vs. 1.2 in survivors of
nonpneumonia hospitalizations.

Hedlund (22) 1995 Sweden At 6 mo, 22% of patients were readmitted.
Readmissions for respiratory tract infections
occurred in 5.3%. The next most common
reasons for readmission were vascular diseases
(5.3%) and malignancy (3.2%).

Metersky (29) 2000 United States At 30 d, 3.4% of patients readmitted with
pneumonia.

Bohannon (30) 2003 United States All-cause readmissions were 16.8% at 30 d, 35.6%
at 6 mo, and 46% at 1 yr. At 1 yr, 8.1% of
patients were readmitted for pneumonia-related
causes. The next most common causes were
CHF (3.8%), COPD (1.8%), and sepsis (1.7%)

Polić-Vizintin (21) 2005 Croatia At 1 yr, 12.2% of patients were rehospitalized with
pneumonia. (Readmissions within 30 d were
excluded, as these were believed to be
nonresolution of the index pneumonia.)

Johnstone (24) 2008 Canada Pneumonia-related readmissions occurred in 2.2%
at 30 d, 9.2% at 1 yr, and 16% during the median
3.8 yr of follow-up. At study end, 72% of patients
had been readmitted, and 69% had
a pneumonia-unrelated readmission. Of the
pneumonia-unrelated readmissions at 3.8 yr, the
most common reasons were other respiratory
diagnoses, circulatory disorders, digestive
disorders, fall-related injuries, and cancer.

Jencks (12) 2009 United States At 30 d, 20.1% of patients were readmitted.
Pneumonia-related admissions occurred in
5.9%. The next most common reasons for
readmissions were heart failure (1.5%), COPD
(1.2%), and septicemia (0.7%).

Dharmarajan (13) 2013 United States At 30 d, 18.3% of patients were readmitted.
Pneumonia accounted for 4.1% of admissions.
The next most common reasons for readmission
were heart failure (1.6%), COPD/asthma (1.4%),
sepsis (1.1%), renal disorders (1.0%),
cardiorespiratory failure (0.8%), arrhythmias
(0.5%), Clostridium difficile infection (0.5%),
urinary tract infection (0.4%), gastrointestinal
hemorrhage (0.4%), and stroke/TIA (0.4%).

HCUP (NIS, patients 181 yr) (19) 2009–2011 United States At 30 d, 18.1% of patients > 65 yr and 16.8% of all
adult patients > 18 yr were readmitted for any
cause. The rate of 30-d readmission for primary
diagnosis of pneumonia was 3.2 and 3.0% in >
65 yr and > 18 yr, respectively. The rate of
30-d readmission for primary or secondary
diagnosis of pneumonia was 7.5 and 7.0% in >
65 yr and > 18 yr, respectively.

Studies with chart review to determine of cause for readmission
Jasti (23) 2008 United States At 30 d, 12.1% of patients were readmitted.

Pneumonia-related admissions occurred in 2.5%
and nonpneumonia readmissions in 9.0%; the
remaining 0.6% were attributed to both
pneumonia and other causes. Of the
comorbidity-related readmissions, the most
common reasons were cardiovascular (3.3%),
pulmonary (1.0%), neurologic (1.0%),
gastrointestinal (0.9%), genitourinary (0.9%),
orthopedic (0.7%), and neoplastic (0.5%).

(Continued )
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populations (>18 yr). Studies using claims
assessment tended to report higher rates
of early readmission, although this is
confounded by the fact all claims-based
studies reporting all-cause 30-day
readmission rates were U.S.-based studies
of elderly populations. Comparing the 30-
day readmission rate in the NIS 2009 to
2011 (16.8%) to the pooled estimate in
U.S.-based chart review studies (15.6%)
yields similar readmission rates.

How often are early readmissions for
pneumonia? Nine studies assessed early
readmissions for pneumonia, with rates
ranging from 1.4 to 5.9% (12, 13, 23–29)
across studies, or 7.3 to 39.1% of all 30-day
readmissions (12, 13, 23, 25–28) (Figure 2).
Within the NIS 2009 to 2011, rates of
readmission for a primary diagnosis of
pneumonia were 3.0% in adults 18 years or
older and 3.2% in those 65 years or older,
or 17.9 and 17.7% of total readmissions,
respectively. The pooled estimate of 30-day
readmissions for pneumonia across chart
review studies was 2.7%, or 23.0% of the
total readmissions.

What are the leading causes of early
readmission after pneumonia? Six studies—
two claims based and four chart review—
assessed the rate of early readmissions for

causes other than pneumonia (Table 3) (12,
13, 23, 25, 26, 28). The leading diagnoses
of early readmission were pneumonia,
heart failure/cardiovascular disease, and
COPD/pulmonary disease. In both claims-
based studies, the single most common
reason for early readmission was
pneumonia, followed by heart failure, then
COPD with or without asthma (12, 13).
In each of these studies, readmission
for pneumonia (22.4–29.1% of total
readmissions) was significantly more
common than readmission for heart
failure (7.4–8.7% of total readmissions)
(12, 13).

The four studies using chart review
each assessed a much small number of
readmissions (range, 70–149; totaling 372
readmission across the four studies) and
had discrepant findings regarding the
most common reason for readmission;
pneumonia was most common in two
studies (25, 26), cardiovascular disease in
one (23), and COPD in the fourth study
(28). Pooling the results from these four
studies, there were an equal number of
readmissions for pneumonia (22.0% of
total readmission) and for heart failure/
cardiovascular disease (22.3% of total
readmissions), followed by readmissions for

COPD/pulmonary disease (16.9% of
readmission).

The two claims-based studies found
that readmissions for sepsis or septicemia
(diagnosed by DRG [12, 30] or Centers for
Medicare & Medicaid Services condition
category [13] for septicemia) occur in 0.7 to
1.1% of survivors within 30 days (12, 13),
representing the fourth most common cause
of readmission in each of these studies. The
studies using chart review did not assess
specifically for readmissions due to sepsis.

Late Readmissions after
a Hospitalization for Pneumonia

How common is readmission 31 days or more
after pneumonia hospitalization? No studies
specifically assessed all-cause late
readmissions separately from early
readmissions. However, four studies
assessed cumulative readmission rates at
time periods beyond 30 days and found rates
of 22 to 35.6% at 6 months (22, 30), 46% at
12 months (30), and 72% after a median
3.8 years of follow-up (24).

How common are late readmissions
for pneumonia? Three studies assessed
readmissions for pneumonia at 1 year and
determined that 9.2 to 17.2% of pneumonia

Table 2. (Continued )

Author (Reference) Year Country Major Findings

Capelastegui (25) 2009 Spain At 30 d, 7.3% of patients were readmitted. 2.5%
had pneumonia-related readmissions, 4.7% had
pneumonia-unrelated readmissions. Of the
pneumonia-unrelated readmissions, the most
common reasons for readmission were
cardiovascular (1.6%), pulmonary (1.1%),
gastrointestinal (0.6%), orthopedic (0.2%), and
neurologic (0.2%).

Adamuz (26) 2011 Spain At 30 d, 8.7% of patients were readmitted.
Pneumonia-related readmissions occurred in
3.4%, and pneumonia-unrelated readmissions in
3.7%. The remainder were attributed to both
pneumonia and other causes. Of the
nonpneumonia readmissions, the most common
reasons were cardiovascular (1.5%), pulmonary
(1.0%), neoplastic (0.6%), and infection (0.2%).

Aliberti (27) 2011 United States At 30 d, 13.6% of patients were readmitted.
Pneumonia-related readmissions occurred in
3.9% and pneumonia-unrelated readmissions in
9.7%.

Shorr (28) 2013 United States At 30 d, 19.3% of patients were readmitted.
Pneumonia readmission occurred in 1.4%. The
most common reasons for readmission were
COPD (4.8%) and CHF (4.4%). Infection
(including pneumonia) occurred in 3.4%.

Definition of abbreviations: CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; HCUP = Healthcare Cost and Utilization
Project; NIS = Nationwide Inpatient Sample; TIA = transient ischemic attack.
For each percentage reported in this table, the denominator is patients discharged alive from the hospital.
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survivors are readmitted for pneumonia
in the year after discharge (24, 30, 31).
One of these studies excluded early
readmissions and found a 12.2%
pneumonia-related readmission rate
in the 31 to 365 days after hospital
discharge, compared with 1.2% for the
survivors of other hospitalizations (P ,
0.001) (31). A fourth study, with a mean
of 31 months’ follow-up, found that
pneumonia survivors experienced
pneumonia-related readmission at a rate
of 8.1 per 100 person-years, compared
with 1.2 per 100 person-years in patients
surviving hospitalizations for alternate
causes (22).

What are the leading diagnoses of late
readmissions? Three studies assessed
readmission diagnoses beyond 30 days for
diagnoses other than pneumonia (22, 24,
30). One study of nearly 900 patients found
that readmission diagnoses at 1 year were
very similar to those identified in the
studies of early readmissions: pneumonia,
heart failure, COPD, and sepsis were the
most frequent primary diagnoses of
readmission (30). A second, smaller study
identified respiratory infection, vascular
disease, and malignancy as the leading
readmission diagnoses at 6 months (22).
A third study found respiratory diseases,
pneumonia, circulatory disorders, and

digestive disorders to be the most common
reasons for hospitalization during a median
3.8-year follow-up period.

How do the primary diagnoses of late
readmissions compare with patients’ prior
reasons for healthcare use? No studies
compared reasons for hospital readmission
after pneumonia to patients’ baseline
reasons for healthcare use.

Quality of the Included Studies
Characteristics of study design and quality
are detailed in Table 4. All studies
adequately reported inclusion and
exclusion criteria. One study had an
institution-specific sampling frame and no
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Figure 2. Percentage of patients readmitted within 30 days of discharge from pneumonia hospitalization. Studies with an asterisk did not report all-cause
30-day readmission rates. Readmissions attributed to pneumonia, to both pneumonia and other causes, and to other causes alone are represented in
dark blue, green, and light blue bars, respectively. Study country is listed in parenthesis, below study author and publication year. NIS = Nationwide
Inpatient Sample.

Table 3. The most common causes of hospital readmission by study

Duration of
Follow-up

30 d 6 mo 12 mo Median 3.8 yr

Study Author
(Reference)

Jasti (23) Capelastegui (25) Adamuz (26) Shorr (28) Jencks (12) Dharmarajan (13) Hedlund (22) Bohannon (30) Johnstone (24)

Readmission
assessment

Chart review Chart review Chart review Chart review Claims assessment Claims assessment Claims assessment Claims assessment Claims assessment

Reasons for
readmission

Most frequent Cardiovascular Pneumonia Pneumonia COPD Pneumonia Pneumonia Respiratory infection Pneumonia Respiratory
2nd Most

frequent
Pneumonia Cardiovascular Cardiovascular Heart failure Heart failure Heart failure Vascular Heart failure Pneumonia

3rd Most
frequent

Pulmonary Pulmonary Pulmonary Infection COPD COPD/asthma Malignancy COPD Circulatory

4th Most
frequent

Neurologic Gastrointestinal Neoplastic Pneumonia Sepsis Sepsis — Sepsis Digestive
system

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.
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method to capture readmissions to other
hospitals, suggesting the possibility for loss
to follow-up. The rates and reasons for
readmission reported in this study were not
substantively different than the findings of
other studies.

Discussion

Our study systematically reviews the
literature on the primary diagnoses of
hospital readmission after pneumonia. We
compare findings across studies of disparate
methodologies—large analyses of
administrative claims and smaller studies in
which the investigators reviewed charts
to determine readmission diagnosis. We
found that hospital readmission after
pneumonia is common, particularly in the
United States, where 12.1 to 20.1% of
patients were readmitted within 30 days.
The most frequent readmission diagnoses
are pneumonia, heart failure/cardiovascular
disease, and COPD/pulmonary disease.
These top three diagnoses were consistent
across claims-based and chart-review

studies, general adult populations, and
studies conducted in different countries.
The consistency of findings between studies
using chart review and administrative data
suggests that administrative data provide
useful information, despite concerns about
decreased diagnostic sensitivity relative to
chart review. Furthermore, administrative
data may be the only feasible method
to identify less common causes for
readmission that are nonetheless important
on a population scale.

The relative proportion of readmissions
attributed to pneumonia versus heart failure
or cardiovascular causes differed slightly
between claims-based and chart review
studies. However, this difference likely
results from the fact that chart review
studies tended to classify readmissions as
being due to “cardiovascular” problems,
whereas claims-based studies broke down
cardiovascular readmissions into discrete
categories of heart failure, arrhythmias,
myocardial infarction, etc.

A few studies assessed readmissions for
sepsis using ICD-9-CM codes for sepsis or
septicemia and found it to be the fourth

most common cause for readmission.
However, explicit sepsis codes have poor
sensitivity relative to other claims-based
measurements of sepsis (32) and are
likely to underestimate the true incidence
of readmissions for this reason. Future
studies should assess the proportion
of readmissions due to infection and
sepsis.

Few studies assessed readmission
diagnoses beyond 30 days. Those that did
indicate that pneumonia, cardiovascular
disease, and pulmonary disease remain
the most common diagnoses. No studies
assessed whether leading causes of
readmission were similar to patients’
reasons for healthcare use before index
pneumonia admission.

As the Hospital Readmissions
Reduction Program has drawn attention to
the topic of hospital readmissions, many
people have noted that 30-day readmissions
often occur for diagnoses other than the
index admission (12, 13, 23, 33). Our study
affirms this finding: studies with differing
patient populations, country of origin, and
methodologies have consistently found that a

Table 4. Quality assessment of included studies

Author Patients
Included

No. of
Readmissions

Assessed

Sampling Frame Identification and
Classification of Index

Hospitalization

Identification and
Classification of
Readmission

Includes
All

Readmissions

Hedlund (22) 95 21 Single hospital
unit

Prospective clinical Claims Yes

Metersky (29) 34,500 .1,000 Connecticut
Medicare
beneficiaries

Claims Claims Yes

Bohannon (30) 892 150 Single hospital Claims Claims No
Polić-Vizintin (31) 180 ,100 7 Hospitals Claims Claims Yes
Jasti (23) 577 70 7 Hospitals Prospective clinical Retrospective

clinical
Yes

Johnstone (24) 2,950 410 6 Hospitals Prospective clinical Claims Yes
Capelastegui (25) 1,117 81 Single hospital Prospective clinical Retrospective

clinical
Yes

Jencks (12) — .1,000 All FFS Medicare
beneficiaries

Claims Claims Yes

Adamuz (26) 828 72 Single hospital Prospective clinical Retrospective
clinical

Yes

Aliberti (27) 464 63 Single hospital Retrospective clinical Retrospective
clinical

Yes

Dharmarajan (13) 1,168,624 214,239 Elderly FFS
Medicare
beneficiaries

Claims Claims Yes

Shorr (28) 771 149 Single hospital Retrospective clinical Retrospective
clinical

Yes

HCUP (NIS,
patients 181 yr in
2009–2011) (19)

2,544,265 427,0041 20% Stratified
sample of U.S.
community
hospitals

Claims Claims Yes

Definition of abbreviations: FFS = fee for service; HCUP = Healthcare Cost and Utilization Project; NIS = Nationwide Inpatient Sample.

SYSTEMATIC REVIEW

1098 AnnalsATS Volume 11 Number 7| September 2014



majority of readmissions after pneumonia
are not for pneumonia. However, this
does not mean that they are completely
unrelated.

No studies included in the review
evaluated the extent to which the causes
for hospital readmission reflect patients’
baseline comorbidities versus new
problems. It is possible that pneumonia
hospitalization contributes to a patient’s
cardiovascular (or pulmonary) comorbidity
burden—either by hastening the
development of new cardiovascular disease
or by worsening the severity or control of
preexisting cardiovascular disease. Acute
respiratory infections have been associated
with increased rates of acute myocardial
infarction (34–37), stroke (35), congestive
heart failure (37), and cardiac arrhythmias
(37) in the days to weeks after pneumonia
diagnosis. The mechanisms underlying this
relationship are unproven, and there are
at least three plausible mechanisms. First,
pneumonia may be associated with
increased surveillance for and labeling of
disease but not necessarily hasten the
development or long-term progression of
that comorbidity. Second, pneumonia
might reduce patients’ physiologic reserve,
leading to increased vulnerability and

more rapid manifestations of existing
comorbidities. Third, pneumonia may lead
to increased inflammation, dysbiosis,
hypercoagulability, immune dysregulation
and other biologic impairments that
accelerate the development and long-term
progression of comorbidities.

Going forward, it will be important to
understand the extent to which pneumonia
or its treatment contributes causally to the
most common causes of readmission—
those for pneumonia, heart failure, COPD,
and other infections.

There are several limitations to our
study. The studies included in this this
review would traditionally be considered
of low to moderate quality because they
are observational studies, often without
a comparison group. However, as exposure
to pneumonia cannot be randomly
allocated, we depend on observational
research to understand readmissions after
pneumonia. One study sampled patients
from a single hospital and had no
mechanism to capture readmissions to other
hospitals, but we did not identify systematic
differences in the findings from this study.
As with any systematic review, there is
potential for bias in the included studies. To
limit this possibility, we placed few limits in

our initial search and instead excluded case
reports, case series, nonoriginal research
studies, and studies of pediatric populations
during our selection process.

Conclusions
Although pneumonia is the leading early
readmission diagnosis across studies,
it explains only a minority of total
readmissions. Congestive heart failure
and COPD were the next most common
early readmission diagnoses. And, in
those studies that assessed for it, sepsis
was the fourth most common readmission
diagnosis. These findings were consistent
across studies with differing populations
and methodologies. The limited
available data on readmissions beyond
30 days suggest that causes are similar to
those of early readmission. Whether the
reasons for readmission simply reflect
patients’ preexisting comorbidities or are
somehow altered by pneumonia remains
unclear. n
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