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Background: Recent studies of community-acquired pneumonia (CAP) have recognized
acute cardiac complications—such as myocardial infarction, arrhythmia, or congestive heart
failure (CHF)—as frequent complications during the acute process. As well, a prolonged
vulnerability to exacerbations of underlying comorbidities—such as CHF and COPD—has
been observed following CAP. We hypothesized that young adults with underlying asthma
could also be adversely impacted over a prolonged time period following CAP.

Methods: Using a retrospective matched-cohort design and data from a US private health-
care claims repository (>15 M persons annually), we selected all adults 18-49 years of age
with evidence of asthma as their only comorbidity for inclusion in the source population.
Then, from the source population, we matched one comparison patient to each CAP patient
based on index date, age, sex, and selected markers for health status (eg, history of asthma-
related healthcare encounters), and evaluated subsequent outpatient and inpatient encounters
for asthma exacerbations.

Results: Asthma exacerbations were identified twice as often in the 12 months subsequent to
acute CAP. Cumulative incidence proportions for asthma exacerbations requiring hospitali-
zation or emergency department care after 12 months of follow-up were 19.9% for those
previously hospitalized with CAP versus 9.0% for matched comparison patients (difference,
10.9%; p<0.001), and were 12.4% for non-hospitalized CAP patients versus 7.7% for
matched counterparts (difference, 4.7%; p<0.001).

Conclusion: Our analysis provides further evidence that acute CAP has a prolonged impact
on respiratory health.
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Introduction

Many investigators, including ourselves, have observed a link between recur-
rent wheezing or asthma and increased incidence of invasive pneumococcal
disease (IPD) in both children and adults, although the mechanisms that
increase risk are uncertain.' In 18-49 year-old adults with asthma, an age
group more likely to have extrinsic disease, we reported a nearly three-fold
increase in IPD incidence compared with age-matched, healthy counterparts.”
The increased risk of IPD has also been associated with age and asthma
severity, with the relative risk as large as 6.6 for children less than 5 years
of age with severe asthma compared to age-matched, healthy children.® We
also observed that children and adults with asthma had more than a three-fold
increased incidence of all-cause pneumonia, and a comparable increased risk
for pneumococcal pneumonia.> Although some argue that the increase in
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“pneumonia” is confounded by atelectasis, we think the
observed increase in IPD supports the likelihood that
persons with asthma are at increased risk for pneumo-
coccal pneumonia and potentially other pneumonia
pathogens.

Peyrani and Ramirez recently reported that adults
surviving acute episodes of community-acquired pneu-
monia (CAP) were at greater risk of death during the
subsequent year, long after the acute event.* We pre-
viously reported that adults with congestive heart fail-
ure (CHF) or COPD had more frequent exacerbations
of their underlying disease in the 12 months following
acute CAP episodes relative to matched comparison
patients without CAP.> Accordingly, we hypothesized
that, in addition to an increased incidence of all-cause
pneumonia as demonstrated in previous studies,
adults with asthma would also have increased rates of
exacerbations of their disease following recovery from
an acute CAP episode.

Methods

Study design and data source

A retrospective matched-cohort design and data from
a US private healthcare claims repository (>15 M per-
sons annually) were employed. A detailed description of
our methodological approach and data source has been
previously reported.’

Ethics approval and consent to participate
The data extract was de-identified prior to its release to
study investigators, and thus its use for health services
research is compliant with the HIPAA Privacy Rule and
federal guidance on Public Welfare and the Protection of
Human Subjects, and IRB status is exempt.

Source and study populations
The
>18 years who, between January 2009 and June 2013,

source population comprised patients aged
had evidence of asthma based on >1 acute-care inpa-
tient diagnosis (ICD-9 493.XX), or >2 ambulatory
diagnoses (separated by >30 days) plus >1 filled pre-
scription for inhaled albuterol. From the source popu-
lation, beginning in January 2010 and on a month-by-
month basis thereafter, patients who had continuous
health benefits, defined

above), and no evidence of pneumonia during the

evidence of asthma (as

prior year, and who had an incident CAP episode in

that month, were identified. CAP episodes were ascer-
tained based on diagnosis codes, procedure codes, and
drug codes, and were stratified by care setting (hospital
vs ambulatory); patients requiring inpatient care who
died or spent >30 days in hospital were excluded. The
date of the initial CAP encounter plus 30 days was
defined as the index date.

One comparison patient was matched to each CAP
patient based on index date, age (£l year), sex, and
selected markers for health status (eg, history of asthma-
related healthcare encounters, comorbidity profile). Like
CAP patients, comparison patients were required to have
continuous health benefits, evidence of asthma, and no
evidence of pneumonia during the year prior to the
index date. Once matched, both the CAP patient and
comparison patient were included in the study popula-
tion and removed from the source population. The same
process was repeated for each subsequent calendar
month ending in May 2013.

Measures and analyses

Asthma exacerbations were ascertained over the 1-year
period following the index date, and were defined as
a hospitalization with a principal diagnosis of asthma or
an emergency-department (ED) visit with an asthma
diagnosis in any position. Cumulative incidence propor-
tions for asthma exacerbations were compared between
CAP patients and matched comparison patients using
the McNemar test. Base-case analyses were restricted
to asthma patients aged 18—49 years without other
chronic conditions because chronic obstructive pulmon-
ary disease (COPD), which has a different pathogenesis,
is often misclassified as asthma in older adults. For
purposes of comparison, however, sensitivity analyses
were conducted for adults aged 18—49 years with asthma
and >1 comorbidity.

Results

Patient characteristics

Among the 1.2M asthma patients aged >18 years in the
source population, 28,957 (2.4%) developed CAP during
the 3.5 year observation period and were matched to
comparison patients. Among the 28,957 matched pairs,
4,048 were aged 18-49 years and had no other chronic
conditions, and thus were included in base-case ana-
lyses. One-third of CAP episodes required hospitaliza-
and their

tion. Among hospitalized CAP patients
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matched counterparts, 62% were aged 35-49 years and
11%
prior year; other characteristics and duration of follow-

had an asthma-related hospitalization in the

up were largely comparable. Characteristics of ambula-
tory CAP patients and their matched counterparts were

similar.
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Asthma exacerbations

Cumulative incidence proportions for asthma exacerba-
tions—including those requiring hospitalization or ED
care only—at month 12 of follow-up were 19.9% for
hospitalized CAP patients versus 9.0% for matched com-
parison patients (difference, 10.9%; p<0.001), and 12.4%
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Figure 1 Cumulative incidence proportions for asthma exacerbations among CAP patients and matched comparison patients aged 18-49 years without other chronic
conditions (ie, other than asthma), by care setting of CAP episode (hospital vs ambulatory) and care setting of asthma exacerbation (hospital vs ED).

Abbreviation: CAP, Community-acquired pneumonia.
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for ambulatory CAP patients vs 7.7% for matched counter-
parts (difference, 4.7%; p<0.001) (Figure 1). For both the
hospitalized and ambulatory subgroups, differences in
asthma exacerbations between CAP patients and compar-
ison patients persisted from month 2 through the end of the
12-month observation period, and interval differences
between each 2-month period demonstrated that the
increased risk of asthma exacerbations persisted for at
least the subsequent 12 months following the CAP epi-
sode. Results among adults aged 18—49 years with asthma
and >1 comorbidity were comparable.

Discussion

Our analysis suggests that acute CAP increases the one year
incidence of asthma exacerbations among adults 1849 years
of age. Asthma exacerbations were identified twice as often
in the 12 months subsequent to acute CAP, irrespective of
care setting (ie, following outpatient or hospitalized CAP),
relative to matched comparison patients. The need for hospi-
talization, perhaps a marker of severity, at the initial respira-
tory event was linked to the risk of further exacerbations;
those hospitalized had a greater risk (19.9% vs 12.4%) of
subsequent exacerbations requiring ED visits or hospital
admissions compared to those initially managed in the ambu-
latory setting. The difference in exacerbations between CAP
and comparison groups was evident by month 2 after the
acute CAP episode, and persisted for the entire follow-up
period. The excess in ED visits or hospitalizations was pre-
sent for both the group in which asthma was the single
comorbidity as well as those who had additional comorbid-
ities (data not reported).

CAP is associated with increased local and systemic
cytokine responses, specifically pro inflammatory cyto-
kines that attract and activate neutrophils as part of the
host defense mechanisms.® Pro-inflammatory cytokines
(IL-6, IL-12, IL-17, and IL-18) are important mediators
in the innate response to pneumococci and elevated con-
centrations often persist beyond the acute phase of pneu-
monia, especially IL-6. Pro-inflammatory cytokines, such
as TNF-a, IL-1p, and IL-6, are found in increased amounts
in the sputum and BAL fluid in individuals with asthma,
and are credited with enhancing inflammation and airway
reactivity supporting the potential interaction between
CAP and subsequent asthma exacerbations.’

Other pulmonary conditions, such as bronchiectasis, also
have been reported to be associated with asthma exacerba-
tions. For example, Kang and colleagues reported a three-
fold increase in exacerbations in patients with asthma and

bronchiectasis compared to asthma only.® He hypothesized
that chronic airway inflammation or possible persistent air-
way colonization could be triggers for the exacerbations.
Peyrani and Ramirez suggest the long-term mortality follow-
ing CAP may be linked to a persisting inflammatory
response, resulting in “inflammaging.”* They cite persistent
elevated levels of cytokines at the time of hospital discharge
as evidence of the potential for prolonged local inflamma-
tion. Support for a role for such chronic inflammation is
suggested by the success of long term azithromycin in redu-
cing asthma exacerbations in adults, albeit there may be other
mechanisms by which azithromycin is effective.’

The limitations of our analysis are related to use of
a healthcare claims database to identify and match patients
with asthma and CAP to individuals with asthma but without
CAP. Although subjects were matched on demographic fea-
tures and asthma-related encounters in the prior year, it would
have been preferable (but not possible) to match on physiologic
measures of pulmonary function. As well, the use of healthcare
claims data does not allow us to match on smoking status.

Our findings support the increasing evidence that CAP is
not simply an acute event with complete resolution but leaves
a residual impact on the risk of disease exacerbations over
a prolonged period of time. As with patients with comorbid-
ities such as CHF and COPD, our findings also support the
prioritization of pneumonia prevention strategies among
adults with asthma, including use of the 23-valent pneumo-
coccal polysaccharide vaccine and annual influenza vaccine,
both of which are currently recommended for all individuals
aged 18—64 years with asthma.'®

Data sharing statement

There are restrictions on data sharing. The study used health-
care claims data to evaluate patients with asthma, and to
determine the impact of CAP on their underlying comorbidity.
The healthcare claims database (Truven Health Analytics
MarketScan® Databases) is proprietary, provided by a third-
party vendor, and the authors do not have permission to dis-
seminate this data without vendor approval. The study sponsor
has purchased access to the Truven MarketScan Database (on
a contract per-project use). Access to this data set is available
to any other interested parties for a fee set by Truven Health
Analytics (http:/truvenhealth.com/your-healthcare-focus/ana
lyticresearch/marketscan-research-databases).
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