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Abstract. Rognvaldsson KG, Bjarnason A, Kristins-
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son G, et al. Acetylsalicylic acid use is associated
with improved survival in bacteremic pneumococ-
cal pneumonia: A long-term nationwide study. J
Intern Med. 2022;00:1-12.

Background. Pneumonia is commonly caused by
Streptococcus pneumoniae (pneumococcus) and
associated with subsequent cardiovascular compli-
cations and increased mortality. Potential short-
term survival benefits conferred by acetylsalicylic
acid (ASA) use in pneumonia remain controversial,
and long-term outcomes have not been studied.

Objectives. To evaluate the association between ASA
use and survival for up to 1 year following bac-
teremic pneumococcal pneumonia.

Methods. All bacteremic pneumococcal episodes in
Iceland from 1975 to 2019 were reviewed. The
study cohort consisted of individuals at least 18
years of age with symptoms and imaging results
consistent with pneumonia. Differences in survival
were assessed at 30 days, 90 days and 1 year
using propensity score weighting (inverse probabil-

ity weighting). Splitting and stratifying on survival
at 7 days was done for the 30-day survival, because
of nonproportionality.

Results. In total, 815 bacteremic pneumococcal
pneumonia episodes (median age 67 years, females
48%) were identified. Cox regression using propen-
sity score weighting on the association of ASA
with survival at 30 days showed an average haz-
ard ratio (HR) of 0.60 (95% confidence interval [CI]
0.34-1.05). A significantly improved survival was
observed within 7 days (HR = 0.42, 95% CI 0.19-
0.92) but not during days 7-30 (HR = 1.08, 95%
CI 0.46-2.55). ASA was associated with survival at
90 days (HR = 0.53, 95% CI 0.32-0.87) and 1 year
(HR = 0.48, 95% CI 0.31-0.75).

Conclusion. Use of ASA upon admission for bac-
teremic pneumococcal pneumonia is associated
with significantly reduced mortality for up to 1 year
after diagnosis. ASA therapy in patients with pneu-
monia and other infectious syndromes warrants
further study.

Keywords: aspirin, pneumonia, population-based,
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Introduction

Pneumonia is an exceedingly common disease
with high mortality rates. Even before the current
COVID-19 pandemic, an estimated 2 million lives
were lost due to pneumonia annually [1].

Streptococcus pneumoniae (pneumococcus) is one
of the most common pathogens identified world-
wide among adults hospitalized with community-

acquired pneumonia (CAP) [2—-6]. Importantly, only
a minority of pneumococcal pneumonia cases are
associated with bacteremia or sepsis, but a positive
blood culture establishes the etiologic diagnosis.

Cardiovascular complications within 30 days of
admission to hospital have been reported in 27%—
32% of patients admitted with pneumonia [7, 8],
with half of those complications developing within
24 h [8]. While these complications are most
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prominent during the first days, patients may
remain at increased risk for months or years
when compared to age-matched controls [9]. The
cardiovascular risk associated with bacteremic
pneumonia is higher than that of pneumonia with-
out bacteremia and other respiratory infections,
and the more severe the respiratory infection, the
longer the cardiovascular risk remains elevated
[10].

Pneumonia caused by S. pneumoniae has been
linked to subsequent cardiovascular compli-
cations [11-13]. A retrospective study found a
20-fold increased risk of myocardial infarction and
a 26-fold increased risk of stroke during the first
3 days following invasive S. pneumoniae infection
compared to a reference period. An increased,
albeit smaller, risk was noted with respiratory
viruses [14].

Acetylsalicylic acid (ASA), commonly known as
aspirin, reduces clustering of platelets and inhibits
cyclooxygenase 1 and production of prostaglandins
[15]. Furthermore, ASA reduces the risk of myocar-
dial and cerebral infarction when used in sec-
ondary prevention [16]. The potential benefits
conferred by ASA among patients with CAP
remain controversial, with some studies suggesting
decreased short-term mortality [17, 18] while other
investigators have failed to find a significant short-
term benefit [19, 20]. ASA is a low-cost generic drug
that is widely used without prescription, impeding
studies of its effects using information from pre-
scription databases. Pneumonia represents a het-
erogeneous group of patients with multiple under-
lying microbial etiologies, some of which may have
varying clinical courses. Therefore, studying a well-
defined and detailed cohort of patients with severe
pneumonia caused by a single pathogen, such as
S. pneumoniae, is a suitable approach to address
this question in a rigorous manner.

The goal of this study was to estimate the asso-
ciation between ASA use and overall survival and
causes of death in a nationwide cohort of adults
with microbiologically confirmed bacteremic pneu-
mococcal pneumonia.

Material and methods

All necessary permits were obtained in accordance
with Icelandic law and the Declaration of Helsinki.
Research permission was granted by the National
Bioethics Committee.

Study design and data sources

A national database of confirmed invasive S. pneu-
moniae infections was generated by identifying all
positive cultures with this pathogen from sterile
sites in clinical microbiology records. All positive
cultures with retrievable medical records over the
45-year period from 1975 to 2019 were subse-
quently reviewed in detail with respect to demo-
graphics, clinical characteristics, underlying medi-
cal conditions and medication use upon admission
(including ASA), infection site, imaging and labora-
tory test results, treatment, and vital status. Infor-
mation regarding vital status and eventual date
of death was derived from the Icelandic National
Registry in January of 2021. Data on cause of
death were collected from the Icelandic Causes
of Death Register for cases diagnosed from 1975
to 2015.

Criteria for inclusion in the pneumonia group were
(1) a blood culture positive for S. pneumoniae, (2)
infiltrates consistent with pneumonia as judged by
a radiologist, and (3) clinical symptoms consistent
with pneumonia. The exposure of interest was the
current use of ASA (any dosage) according to med-
ication history at admission. Underlying medical
conditions listed in medical records were included
for adjustment.

Study outcomes

The study outcomes were the survival at 30 days,
90 days, and 1 year of patients receiving ASA
at admission compared to patients not receiving
the drug. Secondary outcomes were the causes of
death of studied individuals.

Statistical analysis

Statistical tests of significance were two sided,
and p-values of less than 0.05 were deemed sig-
nificant. Survival plotting was done with Kaplan—
Meier graphs. Cox regression using propensity
score weighting (PSW) was performed. Data were
collected from medical records and registered using
FileMaker Pro 8th edition (Claris International Inc.,
USA). Subsequently, data were exported to R (R
core Team 2021) and Rstudio (Rstudio Team 2021)
for statistical analysis (Survival and Weightlt R
packages) [21, 22].

Survival analysis

The entry time was the gathering of blood culture,
and the endpoint was all-cause death. The unit of
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survival time was number of days (or the fraction of
a day if less than 1 day). Individuals were censored
at end of study or upon re-infection. Cox regres-
sion with clustering of individuals was performed.
We assessed the proportionality of the hazards and
outlying observations. In cases where the effect of
ASA violated the proportionality assumption, the
survSplit function was used to split the survival
time into chunks guided by changes in the effect
slope [23]. The average hazard ratio (HR) when the
proportionality assumption was violated was also
presented [24].

Propensity score weighting (inverse probability
weighting)

Based on the current literature and availability, we
selected a priori for PSW [25, 26]: age in tertiles (18—
57.9, 57.9-74.7,74.8-101.0), sex, ischemic heart
disease (IHD), dementia, malignancy, statin use,
cerebrovascular disease (CeVD), chronic obstruc-
tive pulmonary disease (COPD), heart failure (HF),
chronic kidney failure (CKF), diabetes mellitus
(DM), glucocorticosteroid use, liver disease, alco-
holism, and macrolide antibiotic treatment. Vari-
able selection is explained in the supplementary
chapter.

Propensity score was created using logistic regres-
sion utilizing the Weightlt package in R [21, 22,
27]. Using the PSW, inverse probability weight-
ing was performed to estimate the average treat-
ment effect of the treated (ATT) [28]. The ATT esti-
mates the difference in outcome if those treated
with ASA had not received ASA [29]. To increase
the balance using the propensity score, multiple
interactions between variables were done [26]. The
balance was deemed acceptable if the mean dif-
ference was less than 0.1 for each variable and
overall.

Sensitivity analysis

Cox regression adjusting for underlying diseases
with direct covariate adjustment was performed.
It was planned following the general rule of
minimum of 10 endpoints per covariate [30-
32]. Variables were chosen based on the current
literature.

Sensitivity analyses—Cox regressions using PSW—
were carried out assessing the effect of beta block-
ers, statins, proton pump inhibitors (PPIs), and
macrolides on mortality.

Missing data

Survival information was missing for individuals
who moved abroad (14 cases) but was otherwise
universally available. Information on active smok-
ing was missing in 273/815 (33.5%) of episodes.
The smoking variable was included in the propen-
sity score in two sensitivity analyses—a complete
case analysis and in the use of multiple imputa-
tions by chained equations (MICE). For the sensi-
tivity analysis utilizing MICE, 20 imputations were
performed, and the within approach was used in
assembling PSW from the imputed datasets using
the MatchThem package in R [33].

Results
Characteristics of the population-based sample

A flow chart describing the generation of the final
patient cohort is shown in Fig. 1. The yield of the
chart review was 1457/1505 (96.8%) (Fig. 1). Indi-
viduals in the ASA group were older than their
counterparts and more commonly had DM, hyper-
tension, IHD, CeVD, and HF. They were also more
likely to be receiving statins, beta blockers, or PPIs
on admission (Table 1). On average, they had a
higher Acute Physiology And Chronic Health Eval-
uation II (APACHE II) severity score. However, their
current smoking and alcoholism rates were lower
than in the group not taking ASA (Table 1). The
balance before and after PSW is shown in Fig. S1.

Unadjusted results

Overall, the all-cause mortality rate for the entire
group was 110/814 (13.5%) at 30 days, 147/811
(18.1%) at 90 days, and 203/806 (25.2%) at 1
year (Table S1). All but eight of 110 deaths within
30 days occurred while the patients were still in-
hospital. Unadjusted all-cause mortality rates for
patients taking ASA were 19/128 (14.8%), 23/128
(18.0%), and 29/128 (22.7%) for 30-day, 90-day,
and 1-year mortality, respectively. Corresponding
figures were 91/686 (13.3%), 124/683 (18.2%),
and 174/678 (25.7%) for patients not taking ASA
(Table S1). The unadjusted 30-day Kaplan-Meier
survival curves are shown in Fig. 2a.

Results after covariate adjustment

Kaplan—-Meier survival curves adjusted with PSW
are depicted in Fig. 2b. As shown, a steep increase
in mortality occurs during the first few days for
patients with pneumococcal pneumonia, affect-
ing ASA users less than nonusers. The maximal
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Fig. 1 Patient flow chart illustrating the definition of
the final cohort. In total, 1505 Streptococcus pneumoniae
bloodstream infections were diagnosed in the country dur-
ing 1975-2019. Medical records were available for 1457
of those, 365 episodes were diagnosed in children, and
235 were not pneumonia. Of the remaining 857 pneumo-
nia cases, clinical information was not available in 42. The
final cohort consisted of 815 episodes of bacteremic pneu-
mococcal pneumonia in 795 adults. Twenty re-infections
occurred over the whole 45-year period, thereof nine within
1 year of the first infection. One patient had two episodes
with different serotypes 15 days apart; therefore, these
were judged to be two separate events.

separation between the adjusted curves was
reached at around 1 year after the infection, and
then the separation between the lines decreases
(Fig. 3).

The Cox regression using PSW did not meet the
assumption of proportional hazards at the 30-
day survival (Fig. S2). However, the average HR
was 0.60 (95% confidence interval [CI] 0.34-1.05)
(Fig. 4). To address the nonproportionality, survival
time was split into two periods (less than 7 days
and 7-30 days). This yielded an HR of 0.42 (95%
CI 0.19-0.92) for the association between ASA and
survival in the first 7 days and 1.08 (95% CI 0.46—
2.55) for the 7-30 day survival (Fig. 4). The 90-day
and 1-year mortality resulted in an HR 0of 0.53 (95%
CI 0.32-0.87) and an HR of 0.48 (95% CI 0.31-
0.75), respectively.

Causes of death

Unadjusted underlying causes of death of patients
diagnosed with invasive pneumococcal pneumo-
nia in the period 1975-2015 are summarized
in Table 2. Cardiovascular diseases were the
underlying cause of death in 2/108 (1.9%) patients
receiving ASA and in 13/573 (2.3%) among the
non-ASA patients within 30 days, in 3/108 (2.8%)
patients receiving ASA and in 16/569 (2.8%)
among the non-ASA patients at 90 days, and
in 5/108 (4.6%) patients receiving ASA and in
22/567 (3.9%) among the non-ASA patients at
1 year. Malignancies were the underlying cause
of death in 2.8% of ASA patients and 3.3% of
non-ASA patients within 30 days, and in 4.6% of
ASA patients and 10.2% of non-ASA patients at 1
year. The differences were nonsignificant.

Sensitivity analysis

The multivariable Cox models for the 30-day, 90-
day, and 1-year survival did not meet the propor-
tionality assumption. The average HR was 0.66
(95% CI 0.39-1.09) for the 30-day survival, 0.59
(95% CI 0.36-0.98) for the 90-day survival, and
0.54 (95% CI 0.35-0.82) for the l-year survival
(Table S2).

Complete case analysis with the active smoking
variable added to the PSW (n = 541) yielded an
average HR of 0.70 (95% CI 0.29-1.66) for 30-
day mortality, 0.52 (95% CI 0.25-1.05) for 90-
day mortality, and 0.47 (95% CI 0.27-0.85) for
l-year mortality (Table S3). Imputation of miss-
ing information on smoking resulted in an average
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Table 1. Characteristics at the time of admission for the 815 pneumonia episodes

ASA prior to Not on ASA prior Standard
admission to admission mean
(n=128) (n=687) p-value? difference
Re-infections within 1 year of prior 0 9 (1.3%) 0.37 0.16
episode
Age median (IQR) 75 (68-82) 65 (48-77) <0.001 0.79
Females 56 (43.8%) 331 (48.2%) 0.39 0.09
Malignancy 27 (21.1%) 139 (20.2%) 0.81 0.02
Diabetes mellitus 19 (14.8%) 43 (6.3%) 0.002 0.28
Kidney failure 13 (10.2%) 50 (7.3%) 0.28 0.10
Hypertension 46 (35.9%) 127 (18.5%) <0.001 0.40
Liver disease 1 (0.8%) 12 (1.7%) 0.70 0.09
HIV or AIDS 0 8 (1.2%) 0.62 0.15
Chronic obstructive pulmonary 25 (19.5%) 97 (14.1%) 0.14 0.15
disease
Dementia 8 (6.2%) 26 (3.8%) 0.23 0.11
Ischemic heart disease 61 (47.7%) 79 (11.5%) <0.001 0.86
Cerebrovascular disease 17 (13.3%) 27 (3.9%) <0.001 0.34
Heart failure 19 (14.8%) 42 (6.1%) 0.002 0.29
Current smoking (missing 273/ 29 (34.5%) 245 (53.5%) 0.002 0.39
815 = 33.5%) (missing 34.4%) (missing 33.3%)
Asthma 9 (7.0%) 35 (5.1%) 0.39 0.08
Alcoholism 4 (3.1%) 75 (10.9%) 0.005 0.31
Statin therapy 34 (26.6%) 26 (3.8%) <0.001 0.67
Beta blockers 58 (45.3%) 97 (14.1%) <0.001 0.73
Proton pump inhibitors 31 (24.2%) 88 (12.8%) 0.002 0.30
Long-term glucocorticoid therapy 13 (10.2%) 65 (9.5%) 0.75 0.02
APACHE II score, median (IQR) 13 (10-16) 12 (8-16) 0.02 0.15
Intensive care in admission 26 (20.3%) 139 (20.2%) 1.00 0.00
Treatment included macrolide 35 (27.3%) 190 (27.7%) 1.00 0.01
Treatment in the first 2 days 118 (92.2%) 630 (91.7%) 1.00 0.00

included beta-lactam antibiotics

Abbreviations: AIDS, acquired immunodeficiency syndrome; APACHE II, Acute Physiology And Chronic Health Evaluation
II; ASA, acetylsalicylic acid; HIV, human immunodeficiency virus; IQR, interquartile range.
ap-value was calculated using Fisher’s exact test for categorical values and independent two-group Mann-Whitney U test

for continuous variables.

HR of 0.60 (95% CI 0.34-1.07) for 30-day mortal-
ity, 0.52 (95% CI 0.31-0.86) for 90-day mortality,
and 0.49 (95% CI 0.31-0.78) for 1-year mortality
(Table S4).

No significant association with 30-day, 90-day, or
1-year survival was found with use of beta block-
ers, PPIs, or statins at admission and macrolide
therapy after admission in Cox regression mod-
els with PSW using the same covariates as in
prior analysis, including ASA (Tables S5, S6, S7,
and S8). Statin use showed a slight trend towards

protection, especially in the first 30 days, but
this was nonsignificant. Sensitivity analyses on
the putative effects of ASA within decades all
showed a protective trend (Table S9). The appar-
ent protective effect of ASA was more pronounced
within the influenza season (December to May;
Table S10).

Discussion

In this large study of bacteremic pneumococcal
pneumonia spanning 45 years in a nationwide
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Fig. 2 Survival of patients with bacteremic pneumococcal pneumonia by acetylsalicylic acid (ASA) use on admission. Patients
taking ASA are indicated by red lines, whereas patients not taking ASA are shown with black lines. (a) Unadjusted 30-day
survival analysis; (b) 30-day survival curves adjusted with propensity score weighting.
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Fig. 3 Survival of patients with bacteremic pneumococcal pneumonia by acetylsalicylic acid (ASA) use on admission, 5 years
following infection. Patients taking ASA are indicated by red lines, whereas patients not taking ASA are shown with black
lines. (a) Unadjusted; (b) adjusted using propensity score weighting.

cohort, ASA use at the time of diagnosis was asso-
ciated with improved survival at 90 days and 1
year in the propensity score-weighted models. Our
observations indicate a protective effect of ASA on
medium-term survival (90 days to 1 year) result-
ing in HRs of around 0.5-0.6. However, the pro-
portionality assumption did not hold for the 30-day

survival, and the effect varied noticeably within the
period. A significantly improved survival was noted
within 7 days but not for days 7-30.

The highest death rates occurred during the first
few days following diagnosis; however, rates were
higher in the first days for the non-ASA patients
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Cox regression
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30 day mortality* f | f 0.60 [0.34-1.05]
Survival 0-6 days t | { 0.42[0.19-0.92]
Survival 7-30 days f | | 1.08 [0.46-2.55]
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Fig. 4 Cox regression with propensity score weighting on the association of acetylsalicylic acid use and mortality at 30 and
90 days and 1 year after diagnosis of bacteremic pneumococcal pneumonia. The proportional hazard assumption did not
hold for the 30-day survival; after observing the changes in the slope of the hazard, the survival analysis was split at 7

days into two intervals—less than 7 days and 7-30 days.

Table 2. Underlying causes of death for patients diagnosed during 1975-2015

30-day mortality

90-day mortality 1-year mortality

ASA Not on ASA ASA Not on ASA ASA Not on ASA

(n=108) (n=573%) (n=108) (n = 569?%) (n=108) (n=567%)
Cardiovascular, n (%) 2 (1.9) 13 (2.3) 3(2.8) 16 (2.8) 5 (4.6) 22 (3.9)
Malignancy, n (%) 3 (2.8) 19 (3.3) 3 (2.8) 31 (5.4) 5 (4.6) 58 (10.2)
Pneumonia, n (%) 6 (5.6) 31 (5.4) 6 (5.6) 37 (6.5) 6 (5.6) 37 (6.5)
Respiratory disease, n (%) 1(0.9) 1(0.2) 1(0.9) 2 (0.4) 2 (1.9) 8 (1.4)
Accidents, n (%) 0 (0) 1(0.2) 0 (0) 1(0.2) 1(0.9) 1(0.2)
Other illnesses, n (%) 1 (0.9) 6 (1.0) 1 (0.9) 9 (1.6) 2 (1.9) 15 (2.6)
Missing information, n (%) 0 3 0 4 0 4

Abbreviation: ASA, acetylsalicylic acid.

aRepeated infections within the relevant endpoint were omitted along with cases with missing information on cause of
death. One individual had a repeated episode within 30 days of the prior episode, four had repeated episodes within 90

days, and nine within 1 year.

than the ASA patients. Even without adjust-
ment, the survival curve indicates a plausible
protective effect among patients on ASA. This
group of patients is otherwise at highest risk of
death, being older with more severe disease and
more underlying comorbidities at diagnosis. The
results were robust in various different sensitivity
analyses.

Interpretation of the time-varying effects of ASA
observed here within 30 days is not straightfor-
ward. The benefit seen during the first days could
be explained by a protective effect against the dra-
matically increased rate of acute cardiovascular
events observed during the first 3 days following an
acute infection [14]. Highlighting this possibility is

the recommended use of ASA along with other mea-
sures in the immediate treatment of myocardial
infarction [34]. The fact that ASA was not signifi-
cantly protective in the 7-30-day period is harder
to explain but could be due to reduced treatment
effect following the acute inflammatory episode or
simply represents a lack of statistical power within
the period.

Prior studies on the association of ASA with sur-
vival following pneumonia have only examined
short-term mortality (30 days) [17, 18, 35], and
they have lacked information regarding causes of
death. In the present study, analysis of unadjusted
underlying causes of death indicated that patients
with pneumonia receiving ASA did not die more
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frequently from cardiovascular causes than other
patients despite having a four times higher IHD
prevalence.

Prior observational studies on short-term mortal-
ity (30 days) in patients with pneumonia have
given inconsistent results with respect to ASA use
[17-20]. A recent study utilizing diagnostic codes
identified a protective effect of the drug against
subsequent cardiovascular complications among
pneumonia patients in primary care [36]. The only
randomized study examining ASA treatment fol-
lowing diagnosis of pneumonia was open-label
and included patients with certain cardiovascular
risk factors but excluded patients with prior coro-
nary artery disease, malignancy, and heart fail-
ure [35]. Only 198 of 1223 screened individuals
were enrolled and randomized [35]. While there
were significantly fewer acute coronary syndrome
events and cardiovascular-related deaths in the
ASA-treated group, the difference in all-cause mor-
tality at 30 days was not statistically significant
(p = 0.15) [35].

A prior observational study on bloodstream infec-
tions found ASA treatment to be associated with
lower mortality among those infected with Staphy-
lococcus aureus but not Escherichia coli [37]. Possi-
ble protective effects of ASA in the setting of sepsis
could therefore depend on the clinical syndrome of
infection as well as the specific microbial etiology.
The site of infection may also play a role, as uri-
nary tract infections seem to have a weaker asso-
ciation with these complications than pneumonia
[38]. Indeed, there seems to be a specific relation-
ship between pulmonary inflammation and subse-
quent cardiovascular disease, as reviewed by Van
Eeden et al. [39].

Cardiovascular complications in the setting of
pneumonia are thought to be caused by a com-
bination of factors, including hypoxemia, damage
to the myocardium, inflammatory response, plaque
destabilization, platelet activation, and diminished
perfusion of coronary arteries [10, 13, 20, 40,
41]. Finally, pneumococcal antigen persistence can
result in a chronic inflammatory response, which
could also play a role [42, 43].

The protective effects of ASA reported here were
independent of statin use, a potential confounder
which has been associated with a survival bene-
fit in pneumonia in some studies [44, 45]. Statin
use was uncommon in our cohort, especially in the

first half of the period. Because of the small num-
ber of patients on statins, the sensitivity analysis
we performed on its effect on survival is underpow-
ered to detect nondramatic effects. However, only
1/34 (2.9%) of patients on both statins and ASA
died within 30 days, compared to the 13.5% over-
all mortality in the period. This raises questions
regarding the possible combined protective effect
of ASA and statins.

ASA is an inexpensive generic drug that is avail-
able over the counter and therefore difficult to
study by analysis of prescriptions only. Many of its
wide-ranging effects are related to its inhibition of
thromboxane A2 at low dose and cyclooxygenase
1, which is important in prostaglandin production
[15]. ASA is known to reduce the risk of myocardial
and cerebral infarction when used as secondary
prevention or in individuals at high risk [16]. Fur-
thermore, ASA has been shown to reduce the risk
of acute cardiovascular events among previously
healthy individuals with mildly elevated inflamma-
tory markers [46].

Inflammation plays a part in the pathogenesis of
many chronic illnesses [47, 48], and the ability
of elderly patients to resolve inflammation follow-
ing a triggering event such as pneumonia is often
impaired, resulting in a prolonged hyperinflamma-
tory state [49]. It is plausible that increased stress
and inflammation associated with invasive pneu-
mococcal pneumonia may both expose and accel-
erate undiagnosed or subclinical cardiovascular
disease, with effects extending well beyond the
infection episode, making ASA wuseful during
the subsequent months. Therefore, observation
extending beyond 30 days may be required to eluci-
date longer-term benefits of ASA following the diag-
nosis of pneumonia. The potential benefits of ASA
in pneumonia caused by other pathogens and in
other infectious syndromes warrant further study.

Limitations

There are several limitations to our retrospective
and observational study. Unobserved and unad-
justed confounders or bias may have been present,
although multiple sensitivity analyses to assess the
robustness of the results were performed. Prior
to the implementation of the ICD-10 coding sys-
tem, only the primary underlying cause of death
was registered, making it more difficult to ana-
lyze other contributing causes. Further, we did not
have information on medication changes during
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follow-up, but such an occurrence would be
expected to dilute the observed effects of ASA.
The analysis was limited to the ATT. The observed
effects of ASA usage could also theoretically be
explained if ASA therapy leads to less severe pneu-
mococcal pneumonia. The literature does not sup-
port this possibility [S50, 51], and patients in this
study who were taking ASA had, in fact, more
severe illness, as determined by APACHE II. We
were not able to directly adjust for a possible
healthy user effect or a socioeconomic variable.
However, given the public universal health care
system, this effect is thought to be less notable in
this population than in many other settings. Addi-
tionally, in sensitivity analyses excluding patients
not taking any drugs, similar HRs were noted.
The cohort studied is bacteremic pneumococcal
CAP, and the results should be interpreted with
that patient group in mind. Many patients on ASA
have presumably been taking the drug for a long
time, and those that did not tolerate it well or had
adverse events can be expected to have stopped
using it. It is possible that those that tolerate the
drug well have some underlying favorable survival
factors not otherwise adjusted for. Having informa-
tion on changes to ASA therapy during follow-up
would have increased the precision of the longer-
term results.

Conclusions

In this large, nationwide, long-term study of
patients with documented bacteremic pneumococ-
cal pneumonia, a significant survival benefit was
demonstrated among patients who were receiving
ASA upon admission. The accuracy of the diagno-
sis (with confirmed microbial etiology of the infec-
tion), medication use, and the clinical details of
the underlying conditions and infection severity
combined with long-term follow-up and cause of
death grant this study novelty and robustness
beyond previous work. The potential beneficial
effects of ASA therapy upon admission in pneu-
monia patients should be studied further in other
cohorts and infectious syndromes, with respect
to cardiovascular complications and all-cause
mortality.
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