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Background.  Acute myocardial infarction (AMI) events have been reported among patients with certain viral and bacterial
infections. Whether invasive pneumococcal disease (IPD) increases the risk of AMI remains unclear. We examined whether
laboratory-confirmed IPD was associated with the risk of AML

Methods. We conducted a self-controlled case series analysis among adult Tennessee residents with evidence of an AMI
hospitalization (2003-2019). Patient follow-up started 1 year before the earliest AMI and continued through the date of death,
1 year after AMI, or study end (December 2019). Periods for AMI assessment included the 7 to 1 days before IPD specimen
collection (pre-IPD detection), day 0 through day 7 after IPD specimen collection (current IPD), day 8 to 28 after IPD specimen
collection (post-IPD), and a control period (all other follow-up). We used conditional Poisson regression to calculate incidence
rate ratios (IRRs) and 95% confidence intervals (CIs) for each risk period compared with control periods using within-person
comparisons.

Results. We studied 324 patients hospitalized for AMI with laboratory-confirmed IPD within 1 year before or after the AMI
hospitalization. The incidence of AMI was significantly higher during the pre-IPD detection (IRR, 10.29; 95% CI: 6.33-16.73)
and the current IPD (IRR, 92.95; 95% CI: 72.17-119.71) periods but nonsignificantly elevated in the post-IPD risk period (IRR,
1.83; 95% CI: .86-3.91) compared with control periods. The AMI incidence was higher in the post-IPD control period (29 to

365 days after IPD; IRR, 2.95; 95% CI: 2.01-4.32).
Conclusions.
Keywords.

Hospitalizations with AMI were strongly associated with laboratory-confirmed IPD.
acute myocardial infarction; invasive pneumococcal disease; self-controlled case series.

Acute myocardial infarction (AMI) is a leading cause of global
mortality [1]. Previous studies have reported that acute viral
and bacterial respiratory infections can increase the risk of
AMI, compounding the burden of those common infections
[2]. It has been postulated that acute infections may trigger an
AMI through an acute inflammatory process that involves platelet
activation and endothelial dysfunction and through increased
metabolic demand and stress on the vascular system [2]. Acute
bacterial infections have been consistently associated with an in-
tense inflammatory response and, generally, with greater clinical
severity than acute viral infections and are thus potentially associ-
ated with a higher risk of cardiac events [3-6].
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Streptococcus pneumoniae is a leading cause of acute
community-acquired infections. Although pneumococcal in-
fections have been linked to the occurrence of cardiac events,
previous studies have not clearly distinguished between inva-
sive and noninvasive S. pneumoniae infections [2, 4, 5, 7, 8].
Recent studies have reported that pneumococcus can directly
invade and damage the myocardium during bacteremic
episodes. However, it remains unclear whether bacteremic or
other invasive pneumococcal disease (IPD) is associated with
a high risk of AMI that is distinct from the more common re-
spiratory infections with S. pneumoniae [2, 9, 10].

Therefore, we sought to build on prior work in this area by
using state-based laboratory- and hospital-based surveillance
data to conduct a self-controlled case series (SCCS) study to ex-
amine both the short- and longer-term associations between
laboratory-confirmed IPD and AMI.

METHODS

Study Population and Data Sources

We identified study patients using data from the Tennessee
Active Bacterial Core Surveillance (ABCs) System and linked
healthcare encounter data from the Tennessee Hospital
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Discharge Data System (HDDS; Supplementary Appendix) [11,
12]. Using these data, we identified a retrospective cohort of
adult (aged >18 years) patients on the date they experienced
their first hospitalization for AMI from 1 July 2004 to 31
December 2018 and experienced a laboratory-confirmed
IPD-related hospitalization within 365 days before or after
the admission date of the hospitalization for AMI. We used
this follow-up interval to reduce potential time-varying con-
founding from the inclusion of longer observation periods.
The institutional review boards of Vanderbilt University
Medical Center and the Tennessee Department of Health re-
viewed and approved the study protocol.

Following the SCCS design, we included only patients with
evidence of AMI and IPD identified during follow-up
(the date of hospitalization with AMI was classified as t,).
The study observation period (t,) started on day 365 before
the earliest observed AMI admission date (Figure 1), with
follow-up continuing up to t; and through the earliest of
the end of the study (31 December 2019), death, residence
in a county not captured by the ABCs surveillance network,
or day 365 after t;. We identified patients on the date of their
first AMI hospitalization from available data during the study
(1998-2019), but only included patients with an AMI hospi-
talization during the period for which ABCs data were avail-
able in the year before and after the AMI hospitalization
(ABCs data only available 2003-2019). Therefore, we includ-
ed a patient’s first detected AMI hospitalization with an ad-
mission date between 1 July 2004 and 31 December 2018,
such that each patient had a look-back period of at least
78 months for prior AMI hospitalizations. We also excluded
those with evidence of a non-IPD invasive infection in the
18 months prior to t;.

Outcome

The occurrence of AMI was identified from hospitalizations,
23-hour observational stays, and emergency department visits
using diagnosis and procedure codes derived from prior studies
that examined infection and AMI and listed in any discharge
diagnosis position (Supplementary Table 1) [8, 13, 14]. An
AMI hospitalization that occurred within 30 days of a previous
AMI (ie, AMI readmission) was considered part of the
prior AMI episode. The primary outcome of interest was any
evidence of AMI (encompassing ST-elevation myocardial in-
farction [STEMI], non-ST-elevation myocardial infarction
[NSTEMI], or unspecified myocardial infarction). To explore
the potential mechanism of the association with AMI, second-
ary analyses also examined the association between IPD and
individual AMI types (STEMI, NSTEMI, unspecified).

Exposures

For each study participant, each person-day of follow-up was
classified into 1 of 5 mutually exclusive periods relative to the
first reported IPD specimen collection date (Figure 1), including

control period (t, to day 8 before IPD specimen collection),
pre-IPD detection period (7 days to 1 day before IPD specimen
collection), current IPD risk period (day 0 through day 7 after
IPD specimen collection), post-IPD risk period (day 8 through
day 28 after specimen collection), and control period (day 29 af-
ter IPD through end of follow-up). The majority of ABCs IPD
cases represent specimen collections at the onset of hospitaliza-
tion for IPD. Thus, we included day 0 in the current IPD risk
period for the primary analysis. Additionally, the pre-IPD detec-
tion period was used not only as a buffer period in the SCCS de-
sign but also as a period a patient may have active infection prior
to having a specimen collected or being hospitalized.

Statistical Analyses

We characterized baseline characteristics and distribution of the
IPD specimen collection dates relative to the occurrence of
AMI. For the primary SCCS analysis, we used conditional
Poisson regression to estimate incidence rate ratios (IRRs)
with 95% confidence intervals (CIs) comparing the risk of
AMI during the 3 periods of interest (pre-IPD detection, current
IPD risk, post-IPD risk) relative to both control periods, ac-
counting for patient age, seasonality, and pneumococcal conju-
gate vaccine (PCV) era at the start of each period (to account for
potential secular trends) [8]. In our sample size calculation, we
determined that 206 cases were necessary to estimate a relative
incidence of 4.0 with 90% power at the 5% significance level for
the current IPD risk period (8 days) with a median follow-up of
595 days in our cohort (28 necessary to estimate a relative inci-
dence of 15 for stratified analyses described below).

Secondary analyses stratified estimates by age groups (<65
and > 65 years) specific AMI types (STEMI,
NSTEMI). To examine the robustness of our findings to the
choice of control and risk periods, we conducted 2 additional

and for

sensitivity analyses, including an analysis using only the
pre-IPD control period as the reference and an analysis classi-
fying an additional period between the pre-IPD detection and
current IPD period (day —1 to day 0 of specimen collection).

Since one assumption of the SCCS design is that the length of the
observation period is independent of the occurrence of the out-
come (AMI), we conducted a sensitivity analysis that excluded pa-
tients who died within 28 days of AMI hospitalization and a
separate analysis that excluded any patient who died during follow-
up. Additionally, as the SCCS design assumes that recurrent events
within an individual are independent, we conducted a sensitivity
analysis that excluded patients with a subsequent AMI hospitaliza-
tion detected after the initial AMI hospitalization (t;).

RESULTS

Study Population
Among 5877 patients with evidence of laboratory-confirmed
IPD identified from ABCs surveillance data and with evidence
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Figure 1. Demonstration of baseline, control, and risk periods during follow-up. Patient A represents a patient with an AMI hospitalization identified in the post-IPD control

period. Patient B represents a patient with an AMI hospitalization identified during a current IPD risk period (with IPD specimen collection date 1 day prior to date of admission
for the AMI hospitalization). Patient C represents a patient with an AMI hospitalization during the pre-IPD control period. Abbreviations: AMI, acute myocardial infarction; IPD,

invasive pneumococcal disease.

of linked hospitalization data in the Tennessee HDDS, 5.5%
(n =324) had a specimen collection within 1 year before or
after the patient’s earliest admission date for AMI. Among
these patients, 14 (4.3%) experienced a subsequent AMI in
the year after the earliest AMI (Supplementary Table 2).
Approximately 18% of IPDs were identified with a serotype
covered by the 7-valent PCV (PCV7) or 13-valent PCV
(PCV13), 53% with a nonvaccine serotype, and 29% with an
unspecified serotype.

Nearly half of the patients died within 365 days after their
earliest AMI, with patients whose earliest AMI did not occur

during the pre-IPD detection or IPD risk periods having a lon-
ger time to death after AMI (mean, 133 days; median,
110.5 days) compared with those whose earliest AMI did occur
during one of these periods (mean, 46.9 days; median, 9 days).
The most common AMI type was NSTEMI (74.3%) followed by
unspecified AMI type (16.3%) and STEMI (8.9%).

Description of Healthcare Encounters With Admission or Discharge
Proximal to IPD Specimen Collection

We identified a spike in the frequency of hospitalizations for
AMI with an admission date 1 day before or on the same day
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as IPD specimen collection (Figure 2), with an even distribution
of AMIs in the control periods (Figure 2). Of the 338 hospitali-
zations for AMI in the study period, 56.5% (n = 191) involved an
admission during the pre-IPD detection (5.6%), current (48.8%),
or post-IPD (2.1%) periods (Table 1). For AMIs in the current
IPD period (n = 165), 86.7% had a positive IPD specimen collec-
tion on the date of admission for the AMI hospitalization.

Self-Controlled Case Series Analysis

The incidence rate of AMI was substantially higher in the
pre-IPD detection period (7 to 1 day before IPD specimen col-
lection) and current IPD period (day 0 to day 7 after IPD speci-
men collection; 306.0 and 2547.2 AMI per 100 person-years
[py], respectively) compared with the pre-IPD control (22.9
per 100 py), post-IPD secondary risk (48.3 per 100 py), and
post-IPD control (41.8 per 100 py) periods.

In the SCCS analysis accounting for age, PCV era, and season-
ality comparing incidence rates by period type, we observed that
the incidence of AMI was nearly 93 times higher in the current
IPD period compared with the pre- and post-IPD control
periods (95% CI: 72.2-119.7). Furthermore, we observed an ele-
vated incidence of AMI in the 1 to 7 days before IPD detection
and a nonsignificant but elevated incidence in the 8 to 28 days af-
ter IPD (Table 1).

The secondary analysis stratified by age (<65 and >65 years)
produced results similar to those from the primary analysis. In

the analysis stratified by AMI type, we observed a consistent in-
crease in the incidence of AMI in the current IPD risk period
compared with the control period for both STEMI and
NSTEMI AM]I, although the association was strongest for
NSTEMI AMI (Table 2).

Results were consistent in our planned sensitivity analyses
(Table 2), including the analysis using only the pre-IPD control
period as the reference. In this analysis, the risk of AMI was sig-
nificantly higher in the post-IPD control period (29 to 365 days
after IPD specimen collection) compared with the pre-IPD
control period (IRR, 2.95; 95% CI: 2.01-4.32). The results
from the analyses excluding any patient who died within
28 days after IPD specimen collection or at any time during
follow-up or those with more than 1 AMI were consistent
with results from the primary analysis (Table 2). We observed
a significantly higher incidence, albeit substantially closer to the
null, in the current IPD (IRR, 9.49; 95% CI: 5.55-16.23) and
pre-IPD detection period (IRR, 3.90; 95% CI: 1.82-8.36) com-
pared with the control period when the period encompassing
day —1 and day 0 prior to specimen collection was classified
as a separate period.

DISCUSSION

We demonstrated a higher incidence of AMI-related hospital-
izations during IPD episodes compared with control periods.
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Figure 2. Distribution of dates for IPD specimen collection relative to date of AMI admission, 2004-2019. Day 7 to 1 before IPD specimen collection represents the pre-IPD
detection period. Day 0 to Day 7 after IPD specimen collection represents the current IPD risk period. Day 8 to 28 after IPD specimen collection represents the post-IPD risk
period. Abbreviations: AMI, acute myocardial infarction; IPD, invasive pneumococcal disease.
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Table 1.
Case Series Analysis, 2004-2019

Incidence Rate Ratios for Acute Myocardial Infarction (AMI) Episodes by Period Type Among Patients With AMI, Included in Self-Controlled

Acute

IPD Risk and Control Myocardial Cumulative  Incidence Rate Crude Adjusted?

Periods Infarction p-y per 100 py 95% ClI IRR 95% ClI IRR 95% Cl

Pre- and post-IPD 147 498.20 29.51 (24.93-34.68) 1.00 (reference) 1.00 (reference)
control

Pre-IPD detection 19 6.21 305.99 (184.22-477.83) 9.78 (6.07-15.76) 10.29 (6.33-16.73)
period (day 1 to day 7
before IPD)

Current IPD risk (day 0 165 6.48 2547.18 (2173.34-2966.86)  88.03  (69.92-110.83) 92.95 (72.17-119.71)
to day 7 after IPD)

Post-IPD risk (day 8 to 7 14.48 48.34 (19.44-99.60) 1.76 (.83-3.75) 1.83 (.86-3.91)
day 28 after IPD)

Total 338 525.36 64.34 (57.66-71.57)

Abbreviations: Cl, confidence interval; IPD, invasive pneumococcal disease; IRR, incidence rate ratio; py, person-years.
?Adjusted for pneumococcal conjugate vaccine era, seasonality, and patient age at start of period.

Table 2. Secondary and Sensitivity Analyses for Acute Myocardial Infarction Episodes by Period Type, 2004-2019

Current IPD Risk Period vs
Control Period

Pre-IPD Detection Period vs
Control Period

No. of No. of AMI Adjusted Adjusted
Sensitivity Analysis Patients Episodes IRR 95% ClI IRR 95% Cl
Primary analysis 324 338 92.95 (72.17-119.71) 10.29 (6.33-16.73)
Age-stratified analysis®
<65y 141 149 94.90 (66.72-134.97) 10.55 (5.08-21.90)
>65y 181 184 91.97 (63.59-133.01) 10.53 (5.46-20.29)
AMI-stratified analysis
ST-elevation myocardial infarction 30 30 49.51 (19.42-126.22) 13.10 (3.67-46.80)
Non-ST-elevation myocardial infarction 242 251 91.74 (68.35-123.12) 7.32 (3.77-14.21)
Sensitivity analyses
Excluded if death <28 day after IPD specimen collection 235 249 80.07 (60.86-105.34) 11.34 (6.49-19.83)
Excluded if death any time during follow-up 168 175 99.57 (72.73-136.32) 16.30 (8.85-30.01)
Excluded if >1 AMI episode during follow-up 310 310 97.14 (73.61-128.19) 10.83 (6.52-17.99)
Including only pre-IPD detection period as reference 324 338 151.47 (109.16-210.18) 16.13 (9.63-27.03)
Including additional buffer period for day —1 and day 0 of 324 338 9.49° (5.55-16.23) 3.90%° (1.82-8.36)

specimen collection

Abbreviations: AMI, acute myocardial infarction; Cl, confidence interval; IPD, invasive pneumococcal disease; IRR, incidence rate ratio.

?Includes only patients who were in age group throughout follow-up.

®The current IPD risk period in this analysis included only day 1 to day 7 after IPD specimen collection date.

°The pre-IPD detection period in this analysis included only day —7 to day —2 before IPD specimen collection date.
9The adjusted IRR for the updated concurrent IPD buffered period (day —1 and 0 of specimen collection date) was 316.84 (95% Cl: 248.85-403.40).

More than 85% of IPD identified cases had a specimen collected
on the admission date for the hospitalization during which an
AMI was identified. A significantly elevated incidence of
AMI-related hospitalizations was observed in the 1 to 7 days
prior to the IPD specimen collection date and in the 8 to
28 days after IPD specimen collection, indicating an elevated
risk of AMI diagnosis prior to laboratory confirmation of active
IPD infection and an ongoing elevated risk of subsequent AMI
in the intermediate and long-term follow-up period after IPD.

The literature supports a causal relationship between pneu-
monia and short-term cardiac risks involving several postulat-
ed mechanisms, including direct invasion of the myocardium

during infection, formation of microscopic lesions due to infec-
tion of heart tissue, and destabilization of atherosclerotic pla-
ques due to the inflammatory response or scar formation
after antibiotic treatment among patients at high risk for cardi-
ac events [2, 15]. These mechanisms are also plausible in IPD.
Previous studies have also suggested that pneumolysin may
play a role in myocardial infarction specific to S. pneumoniae
infection [9, 16-19]. There is also evidence to suggest that myo-
cardial injury can occur earlier than myocardial inflammation
in acute experimental myocarditis, suggesting that injury can
occur during infection without distinct clinical findings of
myocarditis [20].
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The biological plausibility of AMI induced by IPD is further
supported by prior studies among patients with influenza and
hospitalized with community-acquired pneumonia (CAP).
One Ontario-based SCCS study examined the role of influenza
infection on the risk of AMI and found that compared with
control periods before and after influenza infection, the risk
of AMI was 6.3 times higher in the first 1-3 days after infection
and 5.8 times higher from day 4 to day 7 after infection, though
no difference was observed after day 7 post-infection [21]. A
meta-analysis of 24 studies examining the association between
CAP and cardiac complications reported that 17.7% of patients
hospitalized with CAP experienced cardiovascular complica-
tions, including heart failure, acute coronary syndromes, and
cardiac arrhythmias [7]. In a study among 4988 hospitalized
patients with CAP but without heart failure (2000-2002) who
were matched to 23 060 adult patients without pneumonia or
heart failure, the hazard of incident heart failure or death was
61% higher among patients with CAP compared with patients
without (95% CI, 1.44-1.81) and 86% higher within 1 year [22].
Among 2 cohorts of hospitalized patients with pneumonia
through 2010, the largest risk of AMI, stroke, or fatal coronary
heart disease was observed in the first 30 days after pneumonia
hospitalization (4.07 and 2.38 in each respective cohort), with
elevated risks through 1 year after hospitalization [4]. While
those studies have described the association between pneumo-
nia and cardiovascular events, the etiology of pneumonia in
those studies remains unclear, and whether specific pneumonia
etiologies may directly increase the risk of subsequent cardio-
vascular events needs further study.

Prior studies specifically examining the association between
IPD and AMI have reported rates of AMI during hospital ad-
mission among patients hospitalized with pneumococcal pneu-
monia (7.1%) and IPD (1.7%), with higher rates observed when
considering all major adverse cardiovascular events [23-25]. In
an SCCS study among patients aged >40 years with laboratory-
confirmed respiratory pneumococcal or viral infections (not
limited to hospitalizations) experiencing an AMI or stroke
identified from the national health registry in Scotland
(2002-2014; n=1227 with AMI; 762 with stroke), the age-
and seasonality-adjusted IRR for pneumococcal infections
and AMI was 5.98 (95% CI, 2.47-14.4) in day 1-3 after infec-
tion and remained elevated through day 7 [8]. Yet, pneumococ-
cal infections identified in these studies included sputum
samples. In contrast, all IPD identified in our study was based
on demonstration of bacterial invasion defined as isolation of
pneumococci from sterile sites. Our findings were also consis-
tent, though effect estimates were higher, with a similar study
examining AMI and infections with S. pneumoniae (including
but not limited to laboratory-confirmed IPD) in a nationally
representative population from Denmark [26]. In our study,
IPD cases were commonly identified in patients who required
hospitalization, thus representing a population with more

severe disease and requiring the use of different risk periods
than the prior 2 studies. We do note that the effect estimates
in this study were substantially closer to the null and more
comparable to estimates from both prior studies when the
day before and day of specimen collection were excluded
from the current IPD risk interval. Furthermore, the current
study included hospitalizations with an AMI diagnosis code
listed in both the primary and secondary positions. Thus, al-
though our findings are qualitatively consistent, the focus on
only IPD as an outcome and choice of risk periods likely
explains most of the difference in observed effect estimate
magnitude.

Our work adds to the body of literature by demonstrating an
association between AMI-related hospitalizations and labora-
tory-confirmed IPD. The timing of AMI was strongly centered
around the time of invasive infection. Future work will be nec-
essary to better understand the association between IPD and
specific AMI types, as well as to identify the subgroups of pa-
tients with IPD and pneumococcal pneumonia at highest risk
for cardiac events. Additional work should examine whether
pneumococcal vaccination is protective against specific cardiac
outcomes and whether different treatment strategies for infec-
tion might be associated with different risks of subsequent car-
diac outcomes [15].

One important strength of our study was the identification of
laboratory-confirmed IPD from the ABCs active surveillance
system that limits concern of potential exposure misclassifica-
tion. However, this highly specific outcome limited our ability
to characterize the risk of AMI among patients with noninva-
sive or less severe S. pneumoniae infections or other infections
that may not have been detected (eg, if cultures were not ob-
tained or if prior antibiotic use precluded bacterial isolation).
Although we identified each patient’s earliest hospitalization
for AMI during the study period and used coding algorithms
used in prior work examining hospitalizations for AMI from
observational data, we cannot rule out the possibility of ascer-
tainment bias from hospitalizations for AMI representing co-
morbid conditions rather than incident AMI due to the
inclusion of AMI diagnoses in secondary coding positions for
the outcome definition. We do not suspect ascertainment
bias related to increased detection of IPD related to the AMI
hospitalization though, as the majority of IPD cases reported
to the ABCs Surveillance System represent specimen collec-
tions at the onset of hospitalization for IPD. Additionally, we
recognize the potential for reverse causation in our study (ie,
AMI hospitalization increases the risk of hospital-acquired
IPD) but expect it to be unlikely to explain the observed asso-
ciation as nearly all IPD cases reported to the ABCs surveillance
system in the current IPD risk period had a positive specimen
identified on the same day of admission or day 1 after admis-
sion for the AMI-related hospitalization. Furthermore, we
identified confirmed IPD cases and AMI hospitalizations
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among a large, representative population in the state of
Tennessee not limited to patients from a single insurance payor
or those receiving care within a single hospital healthcare sys-
tem, thus improving the generalizability of our findings.
However, the specific relative IRRs may differ in other settings
with different underlying burdens of comorbidities and cardiac
risk. The use of the SCCS design allowed us to account for
person-specific measurable and unmeasurable factors, though
we were unable to examine stratified analyses based on IPD
treatment type and pneumococcal vaccination status, as these
data were not available.

CONCLUSIONS

Laboratory-confirmed IPD is associated with a greater inci-
dence of hospitalizations with diagnosed AMI. Since IPD is
vaccine-preventable, effective vaccination programs that pre-
vent IPD may also reduce the risk of major acute cardiovascular
events.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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