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Background. Sepsis is associated with long-term health consequences. We sought to determine the long-term risks of acute and
fatal coronary heart disease (CHD) events after sepsis hospitalizations among community-dwelling adults.

Methods. 'We analyzed data from 30 329 participants in the population-based REasons for Geographic And Racial Differences in
Stroke (REGARDS) cohort. Sepsis events included hospitalizations for a serious infection with >2 systemic inflammatory response
syndrome criteria. Acute CHD events included myocardial infarctions (MIs; nonfatal and fatal) and acute CHD deaths. Fatal CHD
included deaths <28 days of an acute MI and acute CHD deaths. We age- and time-matched each sepsis participant with 5 nonsepsis
participants. We assessed the associations between sepsis hospitalizations and future acute and fatal CHD events using Cox regres-
sion, Gray’s model, and competing risks analysis, adjusting for comorbidities.

Results. The matched cohort contained 1070 sepsis and 5350 nonsepsis participants. Risk of acute CHD was higher for sepsis
than nonsepsis controls after adjusting for sex, race, education, income, region, tobacco use, and select chronic medical conditions
(0-1 year adjusted hazard ratio [HR], 4.38 [95% confidence interval (CI), 2.03-9.45]; 1-4 years, 1.78 [1.09-2.88]; and 4+ years, 1.18
[0.52-2.67]). Risk of fatal CHD was similarly higher for sepsis than nonsepsis individuals (0-1 year adjusted HR, 3.12 [95% CI,

1.35-7.23]; 1-4 years, 3.29 [1.89-5.74]; and 4+ years HR, 1.15 [0.34-3.94]).

Conclusions.
risk may be important for individuals surviving a sepsis event.
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Sepsis is the clinical syndrome of infection complicated by sys-
temic inflammation. Sepsis may lead to systemic vasodilation,
organ injury, shock, and death. Sepsis is a major public health
burden, resulting in more than 750000 hospitalizations and
200000 deaths annually in the United States [1]. Persons who
survive sepsis hospitalization may experience poor quality of life
and prolonged health sequelae such as cognitive dysfunction,
chronic kidney disease, and increased long-term mortality [2-6].

Cardiovascular disease is a leading cause of morbidity and
mortality [7]. Infections can raise the risk of cardiovascular
events through a variety of mechanisms, including increased
demand ischemia, depression of ventricular function, arrhyth-
mias, endothelial dysfunction, procoagulant changes in the
blood, inflammatory changes in atherosclerotic plaques,
impaired cardiovascular autonomic response, and impaired
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renal function [8, 9]. The heightened systemic inflammation
of infection may persist long after clinical resolution [10, 11].
While prior studies have linked select infection types with cor-
onary heart disease (CHD) risk, there have been no studies to
evaluate sepsis hospitalizations with long-term CHD risk in
community-dwelling adults [12-16].

The REasons for Geographic And Racial Differences in
Stroke (REGARDS) cohort is one of the nation’s largest ongo-
ing national longitudinal cohorts of community-dwelling
adults. Our objective in this study was to identify the associa-
tion between incident sepsis and subsequent risk of acute CHD
events in the REGARDS cohort.

METHODS

Study Design

We performed a matched cohort study using participants
from the REGARDS cohort. The University of Alabama at
Birmingham Institutional Review Board approved the study.

Data Source
REGARDS is one of the largest ongoing national longitudinal
cohorts, consisting of 30239 community-dwelling adults aged
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>45 years [17]. The REGARDS cohort was designed to evalu-
ate the predictors of racial and geographic differences in stroke
mortality. Among REGARDS participants, approximately 45%
are male, 41% are black, and 69% are aged >60 years. REGARDS
recruited participants between January 2003 and October 2007.
At 6-month intervals, REGARDS contacted the participants
by telephone to identify any hospitalizations of participants.
Further details for the REGARDS study methods are described
elsewhere [17]. While the goal of the REGARDS cohort was
to examine and characterize stroke events, the population
within REGARDS contained healthy adults at baseline. The
REGARDS-Sepsis ancillary study used the infrastructure of the
parent REGARDS study to independently identify sepsis hospi-
talizations [18].

Identification of Sepsis Cases
The primary exposure in this study was first hospitalization
for sepsis. We included hospitalization events reported from
1 January 2003 through 31 December 2012. Using the taxon-
omy of Angus et al, we identified all hospitalizations (emergency
department visits and/or hospital admission) attributed by par-
ticipants to a serious infection [1]. We defined sepsis cases as
hospital admission for a serious infection with the presence of at
least 2 systemic inflammatory response syndrome (SIRS) crite-
ria. The SIRS criteria included the following: heart rate >90 beats/
minute; fever (temperature >38.3°C or <36.0°C); tachypnea (>20
breaths/min) or PCO, < 32 mm Hg; and leukocytosis or leukope-
nia (white blood cells >12 000 or <4000 cells/mm? or >10% band
forms) [19, 20]. Since the study focused on community-acquired
(vs hospital-acquired) sepsis, we used vital signs and laboratory
test results for the initial 28 hours of hospitalization. Two trained
reviewers evaluated information from the corresponding medical
record, confirming the presence of a serious infection based on
diagnoses documented in the emergency department or admis-
sion physician record. Discordances were adjudicated among
abstractors, with additional physician review as needed.
International consensus conferences (Sepsis-3) have pro-
posed new definitions for sepsis [21]. Because of their common
use in prior sepsis epidemiology studies, we used the SIRS-
based sepsis definition in the primary analysis. However, in a
sensitivity analysis, we repeated the analysis using the Sepsis-3
definition of sepsis as the presence of a serious infection plus a
sequential organ failure assessment (SOFA) score >2.

Primary Outcome—Acute Coronary Heart Disease Events
The primary outcome was the occurrence of an acute CHD
event [22]. Acute CHD included fatal and nonfatal myocardial
infarctions (MI) and acute CHD death events. Expert teams
reviewed medical records and identified and adjudicated CHD
events using published guidelines [23, 24].

MI consisted of the presence of signs or symptoms suggestive
of ischemia; a rising and/or falling pattern in cardiac troponin

level or creatine phosphokinase-MB level over 6 or more hours,
with a peak level greater than twice the upper limit of normal
(diagnostic cardiac enzymes); and electrocardiogram changes
consistent with ischemia or MI. Electrocardiogram evaluation
followed the Minnesota code, classifying cases as evolving diag-
nostic, positive, nonspecific, or not consistent with ischemia
[25]. We included only definite or probable MIs. Definite MIs
included cases with diagnostic enzymes or electrocardiogram.
Probable MIs included cases with elevated but not diagnostic
(ie, equivocal) enzymes with a positive but not diagnostic elec-
trocardiogram or, if enzymes were missing, a positive electro-
cardiogram in the presence of ischemic signs or symptoms. We
classified MIs caused by an invasive procedure as procedure
related. Elective and urgent coronary revascularization proce-
dures were not included in the definition of MI.

For acute CHD deaths, adjudicators reviewed the medical
history, hospital records, interviews with next of kin or proxies,
and death certificate or national death index data to determine
if CHD was a definite or probable cause of death. Cases were
assigned to 2 adjudicators, and disagreements were adjudicated
by committee. The test for agreement between adjudicators
yielded a x level >0.80 for the presence of definite or probable
MI or definite or probable acute CHD death.

In a secondary analysis, we examined fatal CHD as the pri-
mary outcome, defined as acute CHD deaths or death within
28 days of an acute MI. To allow for at least 1 year of follow-up
after the last adjudicated sepsis event, we included all acute
CHD events during 1 January 2003 through 31 December 2013
(1 year beyond the last adjudicated sepsis event).

Prior studies examined the association between sepsis and
subsequent cardiovascular disease using a composite outcome
variable combining CHD and stroke events [12-16]. There are
important clinical and pathophysiologic distinctions between
stroke and heart disease. For example, stroke episodes may
involve ischemic or hemorrhagic subtypes and may entail ante-
cedent embolic events. Therefore, in this study we chose to
focus on CHD.

Selection of Matched Cohort

We created a matched cohort that consisted of sepsis partici-
pants matched with individuals who had not experienced a
sepsis event. Requirements for matching included that the
participant must not have experienced an acute CHD prior to
enrollment in REGARDS, the participant must not have expe-
rienced an acute CHD prior to the first sepsis event, and the
participant must have complete sepsis and acute CHD event
data during the follow-up period. For each sepsis participant,
we calculated the time from REGARDS enrollment to first sep-
sis event. For each eligible sepsis participant, we used incidence
density matching to select 5 nonsepsis controls, matching by age
15 years. Potential controls were participants who were alive for
at least the same presepsis time of the sepsis case but without
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a sepsis or acute CHD event. Cases and controls were selected
with replacement; sepsis participants could also be selected as
a matched control for another sepsis case during their presep-
sis period, and nonsepsis participants could serve as a matched
control for more than 1 sepsis participant.

Participant Characteristics

Participant characteristics used in the analysis included socio-
demographics, health behaviors, chronic medical conditions,
and select biomarkers. Sociodemographics included age,
race, sex, income, education, and geographic location. Health
behaviors included tobacco and alcohol use. Chronic medical
conditions included atrial fibrillation, chronic lung disease,
coronary artery disease, deep vein thrombosis, diabetes, dys-
lipidemia, hypertension, MI, obesity, chronic kidney disease,
peripheral artery disease, and stroke. Biomarkers in the analysis
included cystatin-C, high-sensitivity C-reactive protein (CRP),
serum creatinine (converted to estimated glomerular filtration
rate [eGFR]), and urinary albumin-to-creatinine ratio (ACR).
Medications included aspirin and statins. (Detailed partici-
pant characteristic definitions are provided in Supplementary
Appendix 1.)

Statistical Analyses

We compared characteristics between matched sepsis and non-
sepsis participants using conditional logistic regression. We fit
Cox proportional hazards models to determine the risk of acute
and fatal CHD events between matched sepsis and nonsepsis
persons. We censored individuals at the time of their event,
death, or end of follow-up (31 December 2012). Because we

performed sampling with replacement, we incorporated match-
ing stratum into all analytical models.

In developing risk adjustment strategies for the Cox mod-
els, we noted that the limited number of CHD and fatal CHD
events was insufficient to allow adjustment for all potential
sociodemographics, health behaviors, chronic medical con-
ditions, and biomarkers. Therefore, we adjusted the multi-
variate models using a backwards variable selection process.
First, we fit a model with all variables with univariate P < .2.
We then backwards eliminated variables with a multivariable
P > .05. The resulting model included sequential adjustment
for sex, race, education, income, and region; tobacco use; and
atrial fibrillation, chronic lung disease, diabetes, hyperten-
sion, obesity, peripheral artery disease, stroke, chronic kid-
ney disease, and abnormal ACR. To examine alternate risk
adjustment strategies, we fit a Cox model adjusting for the
REGARDS sepsis risk score only [26]. The REGARDS sepsis
risk score predicts 10-year risk of sepsis based on patterns of
sociodemographics, health behavior, chronic medical condi-
tions, and biomarkers.

We fit a series of analytic models to test the robustness of
the results. We fit a piecewise Cox model with 3 follow-up time
segments (<1 year, 1-4 years, >4 years). Because of the unclear
proportionality of hazards at later follow-up time points, we fit
a model using Gray’s piecewise constant time-varying coeffi-
cients model, which uses piecewise constant penalized splines
to better estimate temporal exposure effects [27]. We used Fine
and Gray’s model to examine all-cause mortality as a potential
competing risk for acute CHD events [28]. Finally, following
the Sepsis-3 consensus guidelines, we repeated the analysis

30 239

REGARDS
Participants

"""" >| 70 CHD before sepsis

4422 Excluded
3773 CHD prior to study entry

493  Missing sepsis or CHD follow-up

25817

Eligible for Selection

86 CHD during sepsis hospitalization

1070 Sepsis Cases

A

5350 Matched
Non-Sepsis Controls

87 CHD

(75 Fatal CHD) 983 No CHD

209 CHD

(185 Fatal CHD) 5141 No CHD

Figure 1. QOverview of study population. Abbreviations: CHD, coronary heart disease; REGARDS, REasons for Geographic And Racial Differences in Stroke.
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Figure 2. Kaplan-Meier failure curves depicting time to acute coronary heart disease (CHD) (4) and fatal CHD (B) events. Abbreviation: CHD, coronary heart disease.

defining sepsis as the presence of infection plus SOFA score >2.
We used R, SAS version 9.4, and Stata version 13 for all analyses.

RESULTS

Among 30239 REGARDS participants, 1529 experienced a
sepsis hospitalization. From 25817 eligible participants, we
selected a matched cohort of 1070 sepsis cases and 5350 age-
matched controls (Figure 1). Among these individuals, 143
developed sepsis after serving as a control. There were 87
CHD events (including 75 fatal events) among sepsis partici-
pants and 209 CHD events (including 185 fatal events) among
nonsepsis controls. Incidence of acute and fatal CHD were 3.6
events per 100000 person-years (95% confidence interval [CI],
3.2-4.0) and 3.1 events per 100000 person-years (95% CI, 2.7-
3.5), respectively (Figure 2). Median time to first sepsis event
was 3.5 years (interquartile range [IQR], 1.6-5.4). After the
first sepsis event, median times to acute and fatal CHD events
were 2.6 years (IQR, 0.9-4.7) and 2.7 years (IQR, 1.0-4.8),
respectively.

The most common infection types among the sepsis cases
were pneumonia (38.13%), urinary tract infections (16.82%),
and abdominal infections (16.82%; Table 1). Sepsis cases were
more likely to be male and white, exhibit lower education and
income, reside in the Stroke Belt, and use tobacco (Table 2).
Alcohol use was similar between sepsis cases and controls.
Baseline medical conditions were more common in sepsis cases
than controls. Sepsis cases had higher ACR and CRP levels, and
lower eGFR than nonsepsis controls. Sepsis cases were more
likely to be current aspirin users compared with nonsepsis
controls.

The risk of acute CHD was higher for sepsis cases than non-
sepsis controls after adjusting for age, sex, race, tobacco use,
education, income, region, ACR, and baseline medical condi-
tions. In piecewise models, this association persisted for 4 years
after sepsis hospitalization (0-1 year adjusted hazard ratio
[HR], 4.38 [95% CI, 2.03-9.45]; 1-4 years, 1.78 [1.09-2.88]; and

4+ years, 2.28 [0.52-2.67]; Table 3). The associations between
sepsis and subsequent acute CHD persisted with adjustment
by REGARDS sepsis risk score. The associations between sep-
sis and acute CHD risk persisted over 10 years of follow-up
when the relationship was modeled using Gray’s model, show-
ing a stronger association more proximal to the sepsis event
(Figure 2, Supplementary Appendices 2 and 3). Sepsis remained
associated with increased 4-year risk of acute CHD events
when death as a competing risk for acute CHD was considered
(0-1 year adjusted HR, 1.75 [95% CI, 1.35-2.26]; 1-4 years,
1.57 [1.25-1.98]; and 4+ years, 1.27 [0.69-2.32]; Supplementary
Appendix 4).

The risk of fatal CHD was higher for sepsis cases than non-
sepsis controls for 4 years after sepsis hospitalization (0-1 year
adjusted HR, 3.12 [95% CI, 1.35-7.23]; 1-4 years, 3.29 [1.89-
5.74]; and 4+ years, 1.15 [0.34-3.94]; Table 4). The associa-
tion between sepsis and subsequent fatal CHD persisted with
adjustment by REGARDS sepsis risk score. The associations
between sepsis and fatal CHD persisted when the relationship

Table 1. Clinical Characteristics of 1070 Sepsis Case Hospitalizations
Infection Type N (%)
Infection type
Pneumonia 408 (38.13)
Urinary tract infections 180 (16.82)
Abdominal 180 (16.82)
Bronchitis 104 (9.72)
Skin 89 (8.32)
Sepsis 56 (5.23)
Fever of unknown origin 21 (1.96)
Catheter/Other 32 (3.00)
Sequential organ failure assessment score
0 344 (32.15)
1 269 (25.14)
>2 457 (42.71)
Intensive care unit admission 84 (7.85)
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Table 2. Characteristics of Sepsis Cases and Matched Nonsepsis Controls

Nonsepsis
Sepsis Cases Controls
(N = 1070) (N = 5350)
Characteristic N (%) N (%) P Value
Age? 672 (9.2) 670 (9.1) —
Sex
Male 495 (46.26) 2038 (38.09) <.01
Female 575 (53.74) 3312 (61.91)
Race
Black 355 (33.18) 2064 (38.58) <.01
White 715 (66.82) 3286 (61.42)
Education
Less than high school 150 (14.03) 560 (10.47) <.01
High school graduate 286 (26.75) 1357 (25.36)
Some college 318 (29.75) 1432 (26.77)
College or higher 315 (29.47) 2001 (37.40)
Income
<$20 000 251 (23.46) 792 (14.80) <.01
$20 000-$34 000 294 (27.48) 1295 (24.21)
$35 000-$74 000 301 (28.13) 1684 (31.48)
>$75 000 116 (10.84) 823 (15.38)
Refuse 108 (10.09) 756 (14.13)
Geographic region
Stroke Belt (non-coastal portions of North Carolina, 415 (38.79) 1713 (32.02) <.01
South Carolina and Georgia; Tennessee, Mississippi,
Alabama, Louisiana and Arkansas)
Stroke Buckle (coastal plains of North 219 (20.47) 1363 (25.29)
Carolina, South Carolina and Georgia)
Non-Stroke Belt (other states) 436 (40.75) 2284 (42.69)
Tobacco use
Never 410 (38.46) 2643 (49.56) <.01
Past 468 (43.90) 2090 (39.19)
Current 188 (17.64) 600 (11.25)
Alcohol use
None 686 (65.46) 3336 (63.60) 27
Moderate (up to 1 drink per day for 320 (30.53) 1725 (32.89)
women or 2 drinks per day for men)
Heavy (>1 drink per day for women 42 (4.01) 184 (3.51)
and >2 drinks per day for men)
Baseline medical condition
Atrial fibrillation 120 (11.42) 417 (7.97) <.01
Chronic lung disease 191 (17.85) 468 (8.75) <.01
Coronary artery disease 6 (9.28) 349 (6.68) <.01
Deep vein thrombosis 6 (8.12) 269 (5.05) <.01
Diabetes 299 (28.08) 1108 (20.79) <.01
Dyslipidemia 646 (62.84) 2992 (57.57) <.01
Hypertension 701 (65.82) 3112 (58.26) <.01
Obesity 649 (60.82) 2754 (51.51) <.01
Peripheral artery disease 38 (3.55) 88 (1.64) <.01
Stroke 93 (8.73) 262 (4.91) <.01
Chronic kidney disease 175 (16.36) 601 (11.23) <.01
Biomarkers®
High-sensitivity C-reactive protein 3.39 (1.54-6.90) 1.98 (0.90-4.58) <.01
Albumin-to-creatinine ratio 9.38 (5.17-23.29) 7.30 (4.66-14.80) <.01
Estimated glomerular filtration rate 83.12 (66.21-95.48) 85.61 (72.81-96.34) <.01
Medications
Aspirin 493 (46.07) 2277 (42.58) .03
Statins 349 (32.62) 1652 (30.88) .26

®Mean (standard deviation).

°Median (interquartile range).

Sepsis and Acute CHD « CID 2017:65 (1 July) « 33



Table 3. Associations Between Sepsis Hospitalization and Risk of Subsequent Acute Coronary Heart Disease Events

Sepsis Cases Nonsepsis Controls

Risk of Acute CHD, Hazard Ratio (95% Confidence Interval)

Acute CHD Events Acute CHD Events

/No. at Risk (%) /No. at Risk (%) Crude Model 1 Model 2 Model 3 Model 4
Traditional Cox proportional hazards model

87/1070 (8.13) 209/5350 (3.91) 2.85(2.17-3.75) 2.74 (2.07-3.64) 2.64 (1.99-3.62) 2.14 (1.563-3.01) 2.08 (1.55-2.79)
Piecewise Cox proportional hazards model
0-1 year 29/1070 (2.71) 45/5350 (0.84) 3.62 (2.24-5.86) 3.67 (2.16-6.26) 3.55 (2.07-6.11) 4.38(2.03-9.45)  2.67 (1.58-4.49)
1-4 years 43/779 (5.52) 90/4630 (1.94) 3.22 (2.19-4.73) 2.94 (1.97-4.39) 2.86 (1.91-4.29) 1.78 (1.09-2.88) 2.05 (1.34-3.12)
4+ years 15/329 (4.56) 74/ 2,210 (3.35) 1.69 (0.86-2.94) 1.59 (0.84-3.01) 1.67 (0.82-3.02) 1.18 (0.562-2.67) 1.34 (0.70-2.56)

Model 1: adjusted for sex, race, education, income, and region. Model 2: additional adjustment for tobacco use. Model 3: additional adjustment for atrial fibrillation, chronic lung disease,
diabetes, hypertension, obesity, peripheral artery disease, stroke, chronic kidney disease, and albumin-to-creatinine ratio. Model 4: adjusted only for REasons for Geographic And Racial

Differences in Stroke sepsis risk score.
Abbreviation: CHD, coronary heart disease.

was modeled using Gray’s model (Figure 2, Supplementary
Appendices 2 and 3). Sepsis remained associated with increased
4-year risk of fatal CHD events when death as a competing risk
was considered (0-1 year adjusted HR, 1.81 [95% CI: 1.34-
2.43]; 1-4 years, 1.76 [1.28-2.42]; and 4+ years, 1.38 [0.64-
2.99]; Supplementary Appendix 5).

The risk of acute CHD was more pronounced when we mod-
eled sepsis as the presence of infection plus SOFA score >2
(Supplementary Appendix 6).

DISCUSSION

In this study we found that sepsis hospitalizations were associ-
ated with increased risks of subsequent acute CHD events for
at least 4 years. Furthermore, the risk of fatal CHD was also
increased for at least 4 years after sepsis hospitalization. Our
observations originate from REGARDS, one of the nation’s larg-
est population-based cohorts of community-dwelling adults and
were robust to a range of analytic approaches, including the use
of Gray’s models and accounting for competing risk of death.
The connection between sepsis and increased acute CHD
risk is biologically plausible. The pathophysiological mecha-
nisms that underlie acute CHD include vascular and systemic

inflammation, promotion of a prothrombotic state, vascular
stress, alteration in vascular tone, altered hemodynamic home-
ostasis, and altered metabolic balance [8, 9]. These vascular
pathologies are similarly prominent in sepsis [29, 30]. Survivors
of sepsis are known to have health sequelae including persis-
tent organ dysfunction, suggesting that these pathophysiologi-
cal abnormalities may persist long after recovery from an acute
sepsis episode [2-6]. Prior studies have linked biomarkers of
inflammation and hemostasis with long-term mortality after
pneumonia hospitalizations [10, 11].

Prior studies have linked specific infection types with subse-
quent risk of acute CHD [12-15]. In a case series study of the
United Kingdom General Practice Research Database, Smeeth
et al observed an increased risk of acute MI and stroke after
acute respiratory infections [13]. Corrales-Medina et al used
matched case cohorts from the Cardiovascular Health Study
and the Atherosclerosis Risk in Communities study to identify
increased long-term acute MI, stroke, or fatal coronary heart
disease [12]. Using data from a single academic medical center,
Jafarzadeh et al found that acute cardiovascular events (stroke,
transient ischemic attack, and MI) were associated with prior
episodes of bacteremia; however, the study relied on discharge
diagnoses and included only individuals who had had at least

Table 4. Associations Between Sepsis Hospitalizations and Risk of Subsequent Fatal Coronary Heart Disease Events

Sepsis Cases Nonsepsis Controls

Risk of Fatal Coronary Heart Disease, Hazard Ratio (95% Confidence Interval)

Fatal CHD Events Fatal CHD Events

/No. at Risk (%) /No. at Risk (%) Crude Model 1 Model 2 Model 3 Model 4
Traditional Cox proportional hazards model

75/1070 (7.01) 185/5350 (3.46) 2.63 (1.97-3.52) 2.70 (1.99-3.67) 2.60 (1.91-3.55) 2.07 (1.42-3.03)  2.05 (1.51-2.78)
Piecewise Cox proportional hazards model
0-1 year 25/1070 (2.86) 38/5350 (0.71) 3.45(2.07-5.77)  4.20 (2.35-7.49) 4.50 (2.49-8.14) 3.12 (1.35-7.23) 3.07 (1.81-5.20)
1-4 years 39/779 (5.01) 87/4630 (1.88) 3.56 (2.36-5.36)  3.66 (2.35-5.69)  3.54 (2.25-5.56)  3.29 (1.89-5.74) 2.36 (1.61-3.67)
4+ years 11/329 (3.34) 60/2210 (2.71) 1.11 (0.56-2.21) 1.63 (0.74-3.60) 1.39 (0.61-3.19) 1.15(0.34-3.94)  0.92 (0.45-1.89)

Fatal CHD included acute CHD deaths and death <28 days of an acute myocardial infarction. Model 1: adjusted for sex, race, education, income, and region. Model 2: additional adjustment
for tobacco use. Model 3: additional adjustment for atrial fibrillation, chronic lung disease, diabetes, hypertension, obesity, peripheral artery disease, stroke, chronic kidney disease, and
albumin-to-creatinine ratio. Model 4: adjusted only for REasons for Geographic And Racial Differences in Stroke sepsis risk score.

Abbreviation: CHD, coronary heart disease.
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2 hospitalizations at the medical center [14]. Yende et al used
Medicare claims data to assess 4179 intensive care unit survi-
vors of severe sepsis, finding high 1-year rates of cardiovascular
events compared with matched and unmatched hospitalized
controls [16].

Our study has numerous strengths that add to these prior
efforts. We used population-based data, which allowed us to
compare CHD risk against all community-dwelling individuals,
not just those admitted to the hospital. Rather than discharge
diagnoses, we identified sepsis and acute CHD events through
structured adjudicated review of hospital records. We were able
to adjust for a range of participant characteristics, affirming that
the increase in cardiovascular risk is independently associated
with the sepsis event and not comorbid burden. We were able to
identify sepsis and acute CHD events over a 10-year span. Our
focus on sepsis illuminates the link of acute CHD risk with a
range of infection types. Furthermore, we were able to differenti-
ate fatal CHD events from nonfatal CHD events. The larger HRs
observed with fatal CHD affirm that sepsis hospitalizations are
likely linked with more deleterious future cardiovascular events.

Our findings highlight important unanswered questions regard-

ing post-sepsis care. Current clinical and scientific initiatives focus
on the course and care of acute sepsis [31]. Recent efforts highlight
that sepsis survivors often have lingering health sequelae, such as
chronic kidney disease and cognitive decline, and increased all-
cause mortality. Our study highlights acute CHD as a potential
target for mitigating the long-term effects of sepsis. For example,
cornerstones of CHD prevention include hypertension and hyper-
lipidemia control; the use of antihypertensive and lipid-lowering
medications may be considered for sepsis survivors [32]. Exercise
and mobility are important for reducing cardiovascular risk; phys-
ical rehabilitation may potentially play an important part of sepsis
recovery. Likewise, smoking cessation may potentially play a role.
While proven effective in reducing cardiovascular disease risk,
additional study must evaluate if these measures are effective, or
feasible, in post-sepsis patients.
Our study did have limitations. As discussed previously,
because of their differing pathophysiology compared with
CHD, we did not include strokes in this analysis. We assumed
that baseline participant characteristics did not vary over the
10-year follow-up period. We adjusted for a comprehensive
set of confounders, but additional unidentified confounders
may have influenced the analysis. We were able to obtain data
on the presence or absence of chronic medical conditions,
but not disease severity. REGARDS included only black and
white participants. Because of our focus on community-ac-
quired sepsis, we did not include sepsis that occurred during
hospitalization. Also, because REGARDS is not a surveillance
study, we may not have been able to detect all sepsis events.
Because of the limited number of CHD events, we may have
not been able to identify associations with longer-term risk of
CHD after sepsis.

In the REGARDS cohort, incident sepsis hospitalizations
were associated with increased risk of subsequent acute and
fatal CHD. Acute CHD prevention may be an important con-
sideration in post-sepsis care.
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