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Abstract

Rationale: The risk of cardiovascular events after severe sepsis is not
known, and these events may explain increased long-term mortality
in survivors of severe sepsis.

person-years; P < 0.0001), and a 1.9-fold higher risk compared with
matched-population control subjects (P < 0.0001). Survivors of
severe sepsis had 1.1-fold higher risk compared with matched
hospitalized patients and infection hospitalizations (P = 0.002 and
0.001) and similar risk compared with matched-ICU control subjects.

Objectives: To determine whether survivors of severe sepsis
hospitalization have high long-term risk of cardiovascular events. We
examined whether higher risk is due to severe sepsis hospitalization
or poor prehospitalization health status, and if the higher risk is
also observed in patients hospitalized for infectious and
noninfectious reasons, and in other critically ill patients.

Conclusions: Survivors of severe sepsis have high risk of
cardiovascular events. The higher risk is mainly due to poor
prehospitalization health status, and is also seen in a broader
population of acutely ill patients.

Keywords: sepsis; severe sepsis; cardiovascular disease; mortality
Methods: Unmatched and matched-cohort analyses of Medicare
beneficiaries. For unmatched analysis, we compared patients with
severe sepsis admitted to the intensive care unit (ICU) and survived
hospitalization (n = 4,179) to unmatched population control
subjects (n = 819,283). For matched analysis, we propensity-score-
matched each patient with severe sepsis to four control subjects
(population, hospitalized, non-severe sepsis ICU control subjects,
and infection hospitalization). Primary outcome was 1-year
incidence rate of hospitalization for cardiovascular events.

At a Glance Commentary

Scientific Knowledge on the Subject: Cardiovascular
events may be an important reason for increased long-term
mortality in survivors of sepsis, but the long-term risk of
cardiovascular events after severe sepsis is not known.

What This Study Added to the Field: This study shows that
survivors of severe sepsis have high risk of cardiovascular
events, but the higher risk is mainly due to poor health status
before occurrence of severe sepsis, and is also seen in a broad
group of patients requiring acute care.

Measurements and Main Results: Cardiovascular events were
common among patients discharged alive after severe sepsis
hospitalization (29.5%; 498.2 events/1,000 person-years). Survivors
of severe sepsis had a 13-fold higher risk of cardiovascular events
compared with unmatched control subjects (498.2 vs. 36 events/1,000

Severe sepsis occurs in over 750,000
individuals in the United States, up to 19
million individuals worldwide annually, and
accounts for 10% of all intensive care unit

(ICU) admissions (1-3). Survivors of severe
sepsis have high long-term mortality (4),
and these consequences cannot be solely
explained by poor health status before the

infection (5, 6). A potential mechanism to
explain increased long-term mortality is
worsening of pre-existing chronic diseases
or emergence of new chronic diseases.
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Although prior studies have examined
whether severe sepsis increases the risk of
chronic diseases, such as dementia (7),
whether severe sepsis increases long-term
risk of cardiovascular disease (CVD) is not
known.

We analyzed the relationship between
severe sepsis and subsequent cardiovascular
events in over 1.6 million Medicare
beneficiaries. We focused on cardiovascular
events, including myocardial infarction,
stroke, transient ischemic attack (TTA), and
coronary artery revascularization, because
prior studies suggest that the short-term risk
of these events is high after less severe
infections (6, 8-11), cardiovascular events
are a leading cause of death in survivors of
infection hospitalization and the general
population (12), and prevention strategies
are readily available. We sought to address
three questions. First, we determined
whether patients with severe sepsis who
required ICU care and survived the
hospitalization had high risk of subsequent
cardiovascular events. Second, we examined
whether the higher risk is attributed to poor
prehospitalization health status or severe
sepsis hospitalization itself. Third, we
examined whether the higher risk of
cardiovascular events also occurs in similar
patients hospitalized for infectious or
noninfectious reasons or required ICU care,
but did not develop severe sepsis.

Methods

See the online supplement for additional
details.

Study Design

We conducted a retrospective matched-
cohort analysis where patients with severe
sepsis requiring ICU care were matched to
several control subjects. The patients with
severe sepsis and control subjects were
selected from a 5% random sample of fee-
for-service Medicare beneficiaries over

65 years of age from 2002-2006 (see the online
supplement). We identified patients with
severe sepsis and control subjects in 2003,
used data from 2002 with a 1-year lookback
approach to determine health status before
the index hospitalization (13), and used
data from the index hospitalization until
2006 or death to examine outcomes. We
randomly split the 2003 dataset into two
halves and used two approaches to identify
patients with severe sepsis and control
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subjects (Figure 1). First, we identified
patients with severe sepsis who were
admitted to the ICU and survived the
hospitalization in one half, and compared
their risk of cardiovascular events to all
Medicare beneficiaries in the other half
(unmatched population control subjects).
Second, we matched each patient with
severe sepsis admitted to the ICU from one
half and matched them to four propensity-
matched control subjects with similar
health status before the index
hospitalization from the other half. We
used an unbiased approach similar to
incidence density sampling to match
patients with severe sepsis and control
subjects (14), where each patient with
severe sepsis from one half of the dataset is
matched to control subjects from the other

half based on whether they were at risk for
severe sepsis during that quarter in 2002,
regardless of whether they developed severe
sepsis in later quarters (15). This research
was considered exempt from human
subject review by the University of
Pittsburgh Institutional Review Board,
because it involved secondary analyses of
deidentified data.

Severe Sepsis and Control Subjects
We identified patients with severe sepsis
using previously validated International
Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9 CM) codes
(16). For each patient with severe sepsis
admitted to the ICU, we matched four
control subjects to form a pentad. Control
subjects were matched population control

5% Medicare beneficiaries in
2003 (n=1,638,566)

Split dataset into two halves |

Identified 7,238 participants
hospitalized for severe sepsis in
the ICU from 819,283
beneficiaries

Matched each severe sepsis
subject to 4 controls identified from
819,283 beneficiaries:

ICU patients without severe sepsis (n=7,238)

Hospitalized with infection (n=7,238),
Hospitalized without infection (n=7,238)
General population (n=7,238)

Controls:

Unmatched Analysis
Severe sepsis ICU patients who were alive
at hospital discharge (n=4,179) vs.
Unmatched population controls (n=819,283)

Matched Analysis (4,179 pentads)
Severe sepsis ICU patients who were alive
at hospital discharge vs.

«  Without severe sepsis but required ICU
* Hospitalized with infection

* Hospitalized without infection

¢ General population

Figure 1. Flowchart describing selection of subjects for unmatched and matched analyses.

ICU = intensive care unit.

American Journal of Respiratory and Critical Care Medicine Volume 189 Number 9 | May 1 2014



subjects, those who were hospitalized, but
never had an infection (matched
hospitalized control subjects), individuals
admitted to the ICU, but not with severe
sepsis (matched ICU control subjects), and
those hospitalized with infection, but who

control group are described in Table 1 and
in brief subsequently here.

We compared the risk of cardiovascular
events among patients with severe sepsis to
unmatched and matched population control
subjects to determine whether the higher

risk of cardiovascular events after severe
sepsis is largely attributable to poor health

did not incur organ dysfunction (matched
infection hospitalizations). Reasons for each

Table 1: Incidence of Cardiovascular Events Was Compared among Patients with
Severe Sepsis Who Required Intensive Care Unit Care and Survived and Control
Subjects

Reasons for Choosing

Control Subjects n Control Group

819,283 To compare incidence of
cardiovascular events among
survivors of severe sepsis to
the average annual risk of
cardiovascular events among
all Medicare beneficiaries®

To compare incidence of
cardiovascular events among
survivors of severe sepsis to
individuals whose health status
was similar to patients with
severe sepsis

To compare incidence of
cardiovascular events among
survivors of severe sepsis to
patients who require acute
care. Inclusion of these control
subjects allowed for better
adjustment for
prehospitalization health status
(e.g., worsening physical
function) immediately before
the hospitalization, which may
not be captured in claims data,
and to account for diagnostic
(selection) bias. Diagnostic bias
may occur because events
during the hospitalization may
lead to additional investigations
during the hospitalization or
recovery to uncover coronary
artery disease and
subsequently require
revascularization.

To determine whether higher risk
is unique to patients with
severe sepsis (infection and
organ dysfunction) or occurs in
similar patients with infection
alone

To determine whether higher risk
is unique to patients with
severe sepsis who require ICU
care and survive hospitalization
or occurs in a broader
population of ICU patients
without severe sepsis.

Unmatched population control
subjects*

Matched population control 4,179

subjects*

Matched hospital control 4,179

subjects

Matched infection hospitalization 4,179

Matched ICU control subjects 4,179

Definition of abbreviation: ICU = intensive care unit.
*Incidence of cardiovascular events was compared among unmatched and matched control subjects
to determine the risk attributable to poor health status among patients with severe sepsis.
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status before the index hospitalization or
due to severe sepsis itself. We compared risk
of CVD among ICU patients with severe
sepsis and three control subjects, including
matched hospitalized control subjects,
infection hospitalizations, and ICU control
subjects. We chose matched hospitalized
control subjects to better account for
changes in prehospitalization health status
during the weeks before the index
hospitalization that may not be captured
using claims data, and to determine whether
the higher risk of CVD is observed in

a broader population of patients requiring
acute care (Table 1). We included infection
hospitalization to determine whether risk
of CVD varies by presence of organ
dysfunction. We included ICU control
subjects without severe sepsis to determine
whether higher risk is observed in similar
patients who required ICU care.

All three hospitalized controls were
constructed using methods similar to the
incidence density sampling approach and
selecting index hospitalizations that
occurred in the same quarter as that of
the corresponding severe sepsis case.
Population control subjects were individuals
who were not hospitalized during the same
quarter, regardless of whether they were
hospitalized at later time points, and were
randomly chosen individuals from the
Medicare dataset who had at least one claim
filed during 2003.

Propensity Score and

Control Subjects

We matched cases to control subjects based
on age, sex, admission for medical or
surgical reasons, CVD before the index
hospitalization, and propensity to be
hospitalized with severe sepsis. The
propensity score (see the online
supplement) was developed in one half of
the cohort and validated in the other half.
The propensity score included age, sex, and
detailed measures of different chronic
diseases, including CVD, and infection
hospitalization (Tables E3 and E4 in the
online supplement) (17-21). Although age,
sex, and prior history of CVD were
included in the propensity score, we
additionally matched for these variables,
because they are important confounders,
and were not matched well in some pentads
using propensity score alone. We matched
for CVD before the index hospitalization by
assigning subjects to four hierarchical
groups based on previously validated ICD-9
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Table 2: Clinical Characteristics of Patients Hospitalized with Severe Sepsis in the Intensive Care Unit

Propensity-matched Cohort Unmatched Cohort
Developed Required ICU Developed
Severe Care but Did Severe

Sepsis and Not Develop Hospitalized Population Sepsis and Population

Required ICU Severe with Hospitalized Control Required ICU Control

Care Sepsis Infection Patients Subjects Care Subjects
Variables (n =4,179) (n =4,179) (n =4,179) (n=4,179) (n =4,179) (n=4,179) (n=819,283)

Demographics
Age in years, mean 774 (7,77) 75.7 (18,77) 77.2(8,77) 774 (7,77) T77.4(7,77) 77.4 (7,77) 75.9 (7.3, 75)
(SD, median)

Race, % black 11.6 10.9 9.8 11.2 11.3 11.6 8
Sex, % male 44.2 44.2 44.2 44.2 44.2 44.2 41.3
Propensity score, 14.3 (8.4,13) 13.9(8.5,13) 14.1(8.3,13) 14.2(8.2,13) 14.1(8.2,13) 143 (8.4,13) 7.5(6.3,6)

mean (SD, median)
Health conditions
during the year
before index
admission
Diabetes, % 37.5 37.1 36.9 37.3 36.6 37.5 18
Lung disease, %
Chronic lung disease 31.7 31.8 31.2 31.4 30.9 31.7 19.2
Acute exacerbation of 12.7 13.1 14.5 10.7 13.7 12.7 29
chronic lung disease
CVD, %
<Two CVD risk 28.3 28.2 28.4 28.3 28.3 28.3 53.6
factors™
=Two CVD risk 15.7 15.1 15.7 15.7 15.7 15.7 17.6
factors*
Chronic CVD 26.6 26.7 26.4 26.6 26.6 26.6 15.7
Cardiovascular events 29.4 30.0 29.5 29.4 294 29.4 13.1
Dementia, % 1.6 1.0 1.4 1.0 1.3 1.6 3.2
Infection, %
As an outpatient 41.0 40.1 39.3 443 43.5 41.0 26.2
Hospitalized 24.5 24.9 27.7 229 241 245 5.8
Kidney disease, %
Chronic kidney 10.2 9.8 8.3 10.1 104 10.2 3.4
disease
Dialyses or acute 8.5 7.7 5.8 8.2 6.4 8.5 1.2
kidney injury
Cancer, %
Nonhematologic 29.1 32.7 31.0 35.5 30.8 29.1 20.7
cancer
Hematologic 3.1 3.0 3.2 3.5 3.5 3.1 1.3
cancer
Reason for admission
for hospitalized
subjects, %
Medical 63.7 63.8 65 63.7 — 63.7 —
Surgical 36.3 36.2 35 36.3 — 36.3 —
Length of stay in
days, median
(interquartile range)
Intensive care unit 6 (3-11) 2 (1-5) — — — 6 (3-11) —
Hospital stay 11 (7-18) 6 (3-10) 6 (3-10) 4 (2-6) — 11 (7-18) —

Definition of abbreviations: CVD = cardiovascular disease; ICU = intensive care unit.

Matched control subjects were matched based on age, sex, admission for medical or surgical reasons, and propensity score based on health conditions
during the year before index admission (score assigned as follows: 9 points for hospitalization for infection, dialysis or acute kidney injury, and respiratory
category 2; 6 points for age over 85 years; 5 points for chronic renal disease; 4 points for chronic pulmonary disease, leukemia, outpatient visit for
infection; 3 points for infection, chronic CVD, or unstable angina, black race; 2 points for men; 2 points for hospitalizations for conditions other than
infections; and 1 point for any other chronic disease (up to a maximum of 2 points). These subjects were in the ICU, hospitalized with infection, hospitalized
for other reasons, and general population. Only patients with severe sepsis and hospitalized control subjects who were alive at hospital discharge are
shown.

*CVD risk factors include smoking, hypertension, diabetes, and hyperlipidemia, and are based on the Framingham risk score.
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Table 3: Mortality during the Subsequent Year for Patients Hospitalized with Severe Sepsis in the Intensive Care Unit, Matched
Intensive Care Unit Control Subjects, Matched Hospitalized with Infection, Matched Hospital Control Subjects, and Matched and

Unmatched Population Control Subjects

Required ICU Care Hospitalized with Matched Unmatched
Developed Severe but Did Not Infection but Did Population Population
Sepsis and Develop Severe Not Require ICU Hospitalized Control Control
Required ICU Care Sepsis Care Patients Subjects Subjects
Variables (n =4,179) (n =4,179) (n =4,179) (n =4,179) (n =4,179) (n = 819,283)
Mortality, %*
1-yr mortality 40.8 254 27.9 20.5 12.8 5.3
2-yr mortality 51.2 36.5 38.9 30.7 21.3 10.3
3-yr mortality 58.9 44.3 48.2 39.1 28.5 15.3
Mortality for
those
discharged
home, %
1-yr mortality 27.4 17.83 21.4 16.1 — —
2-yr mortality 40.1 292 31.6 255 — —
3-yr mortality 47.2 36.9 40.6 33.7 — —

For definition of abbreviation see Table 1.

All hospitalized patients survived to hospital discharge during the index admission.
*P < 0.0001 for comparisons between patients with severe sepsis and control subjects.

CM codes (Tables E1 and E2): those with
cardiovascular events, presence of chronic
CVD, and presence of two or more

or less than two risk factors based on the
Framingham score (22). Details of the
1-year lookback approach to compare
health status (13), the ICD-9 CM codes
to identify different conditions, and model
performance are included in the online
supplement.

The Medicare 5% dataset included
1,638,566 eligible subjects (Figure 1). For the
matched analyses, we identified 4,179 patients
with severe sepsis who were admitted to the
ICU and survived hospitalization, and the
four sets of matched control subjects, for
a total cohort of 20,895. For the unmatched
analyses, we compared the 4,179 patients
with severe sepsis who survived severe sepsis
hospitalization to 819,283 unmatched
population control subjects.

Outcomes

The primary outcome was hospitalization
for cardiovascular events (stroke, TIA,
myocardial infarction, or coronary
revascularization, including percutaneous
coronary intervention and coronary artery
bypass graft surgery) during the first year
after hospital discharge, assigned based on
previously validated ICD-9 CM code-based
approaches (22-24).

Statistical Analysis
We constructed failure plots to compare
number of patients in each group that

incurred a new cardiovascular event after
the index hospitalization. A limitation of
time to event analysis is that it cannot
account for multiple events. We
therefore compared the incidence of
cardiovascular events in ICU patients

P<0.0001

10.0

g
o

6.0

4.0

least one cardiovascular event (%)

2.0

Proportion (%) of beneficiaries with at

with severe sepsis to unmatched
population control subjects and matched
control subjects. Patients with severe
sepsis had higher long-term mortality,
and comparing incidence rates allowed
us to account for differences in

0 Ql
-9-Matched population control

Q2 Q3 Q4

-B-Infection hospitalization

Matched hospitalized controls <¥-Severe sepsis requiring ICU care

-#-Matched ICU patients

Figure 2. Failure plots showing proportion of beneficiaries with at least one cardiovascular event after
the index hospitalization. Data are shown by quarter in the calendar year, because exact
hospitalization dates are not available. The first, second, third, and fourth quarter after the index
hospitalizations are labeled as Q1, Q2, Q3, and Q4, respectively. ICU = intensive care unit.
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<0.0001

<0.0001

0.002

600 0.0001

0.28

Incidence of cardiovascular events
(cases/1,000 person-years)

Severe sepsis patients

- requiring ICU

Matched population
controls

()

Hospitalized
controls

Hospitalized with

- infection
E ICU controls

Unmatched general

D population

Risk attributable to severe
sepsis

|

Risk attributable to acute care

Risk attributable to pre-
hospitalization

factors, including

age, sex, race, and poor
health status

Figure 3. Incidence rates of cardiovascular events among patients with severe sepsis who required the intensive care unit (ICU) and survived
hospitalization and matched and unmatched control subjects. Matched control subjects include ICU control subjects, infection hospitalizations,

hospitalized patients, and general population.

exposure time between patients with
severe sepsis and control subjects.
Because we conducted five comparisons,
we used a P value of less than 0.01 to
indicate statistical significance. We used
a negative binomial regression model to
compare the risk of cardiovascular
events (25). Details of statistical

approaches and sensitivity analyses are
included in the online supplement.

Results
Participant Characteristics

Table 2 shows clinical characteristics before
the index hospitalization. The average age

of all subjects was 77 years, 44% were men,
and 11% were black. Both ICU patients
with severe sepsis and matched control
subjects had a high burden of chronic
diseases. For instance, approximately 26%
had chronic CVD and 30% had
cardiovascular events within the preceding
year. Approximately 37% had diabetes, 31%

Table 4: Incidence Rates (Events per 1,000 Person-Years) of Cardiovascular Events, Myocardial Infarction, Stroke, and Transient
Ischemic Attack during the First Year after Hospital Discharge for Patients Who Survived Hospitalization with Severe Sepsis in the
Intensive Care Unit, Matched Control Subjects, and for Unmatched Control Subjects

Variables

Severe sepsis

Matched ICU control subjects

Matched infection hospitalization
Matched hospitalized control subjects
Matched population control subjects
Unmatched population control subjects

Cardiovascular Events

Acute Myocardial Infarction

Stroke and Transient
Ischemic Attack

498.2 119.7 353.7
479.3 113 326.5
434.8 83.2 331.2
446.5 83.7 331.1
257.6 36 203
36.0 12.3 11.0

For definition of abbreviation see Table 1.

Matched control subjects were in the ICU, hospitalized for noninfectious conditions, hospitalized with infection, and general population.
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150

Incidence of cardiovascular events in
those without pre-existing CVD

100
Matched population

controls

50
Hospitalized

controls

Hospitalized with

E0000

B <0.0001 infection
! 0.05 | ICU controls
I 0.11 I Severe sepsis
|—| patients requiring
500 0.98 Icu

445.23 445.75

450

400

350

300

250

200

150

Incidence of cardiovascular events in those
without cardiovascular events during index
hospitalization (cases/1,000 person-years)

100

50

0

Figure 4. Incidence rates of cardiovascular events for matched analyses comparing patients with severe sepsis requiring intensive care unit (ICU) and
surviving hospitalization, and control subjects. Each case was matched to four control subjects to form a pentad. Incidence rates are shown for those
without preiliness cardiovascular disease ([A] includes 1,840 pentads; n = 9,200), and those who did not incur a cardiovascular event during the index
hospitalization ([B] includes 2,562 pentads; n = 12,810). CVD = cardiovascular disease.

had chronic lung disease and cancer, 24%  control subjects had a lower burden of disease (10.2 vs. 3.4%). In addition,
were hospitalized with infection, and 10%  chronic diseases, including diabetes (37.5 acute health conditions were also less
had chronic kidney disease. In comparison  vs. 18%), chronic lung disease (31.7 vs. frequent among unmatched control

to patients with severe sepsis, unmatched 19.2%), CVD (26.6 vs. 15.7%), and kidney  subjects compared with patients with

Yende, Linde-Zwirble, Mayr, et al.: Severe Sepsis and Cardiovascular Events 1071



severe sepsis in the prior year, such as
acute exacerbation of chronic lung disease
(12.7 vs. 2.9%), cardiovascular events (29.4
vs. 13.1%), and infection hospitalization
(24.5 vs. 5.8%).

As expected, all ICU patients with
severe sepsis incurred organ failure, and
none of the patients hospitalized with
infection incurred organ failure. Of the
patients with severe sepsis, 449 (10.7%) had
shock. A small proportion of hospitalized
and ICU control subjects also incurred
organ dysfunction (13.5 and 9.5% of ICU
and hospitalized control subjects). As
expected, the cases and control subjects had
similar characteristics for variables used
for matching, such as demographic
characteristics (age and sex), propensity
score, and chronic diseases (Table 2).

Mortality

Patients with severe sepsis who required
ICU admission and survived had higher
mortality at 1, 2, and 3 years compared with
the control groups (Table 3). For instance,
the 1-year mortality for patients with severe
sepsis requiring ICU admission and
surviving was sevenfold higher compared
with unmatched population control
subjects (40.8 vs. 5.3%; P < 0.0001).
Patients with severe sepsis had threefold
higher mortality at 1 year compared with
matched population control subjects,
twofold higher compared with hospitalized
control subjects, and 1.5-fold higher
compared with those infection
hospitalization and ICU control subjects
with nonsevere sepsis (1-yr mortality for
severe sepsis requiring ICU, nonsevere
sepsis ICU control subjects, infection
hospitalization, hospital control subjects,
and population control subjects were 40.8,
254, 27.9, 20.5, and 12.8%, respectively;

P < 0.0001). For the subset that was
discharged home, the mortality rates were
lower for the different groups, but the
magnitude of differences was similar
(Table 3).

Cardiovascular Events

A cardiovascular event was common among
survivors of severe sepsis hospitalization.
For example, 29.5% incurred

a cardiovascular event over 1 year (498.2
events/1,000 person-years). Stroke was the
most common event, occurring in 18.3%,
TIA and acute myocardial infarction
occurred in 7.8 and 8.8%, respectively,
whereas 1.3 and 0.4% underwent
percutaneous coronary intervention and
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coronary artery bypass graft surgery. Of the
29.5% who incurred a cardiovascular event,
most patients incurred a single event
(23.1%), whereas 5.6, 0.7, and 0.1% incurred
two, three, and four cardiovascular events,
respectively. A total of 45% of survivors of
severe sepsis did not have CVD before the
hospitalization, and even this subgroup had
a high risk of subsequent cardiovascular
events (25.9%, 364.4 events/1,000 person-
years). The incidence was high even when
subjects who incurred a cardiovascular
event during severe sepsis hospitalization
were excluded (445.2 events/1,000 person-
years; n = 2,562).

The incidence of cardiovascular events
in unmatched population control subjects
(n = 819,283) was consistent with prior
studies (10.3 and 11 cases per 1,000 person-
years for myocardial infarction and stroke,
respectively) (23, 24, 26). Patients with
severe sepsis had a 13-fold higher risk of
cardiovascular events compared with
unmatched control subjects (incidence:
498.2 versus 36 events/1,000 person-years;
P < 0.0001).

Figure 2 shows the failure plots for
patients with severe sepsis and control
subjects who incurred a cardiovascular
event over the four quarters. In general,
patients with severe sepsis and matched
ICU, hospitalized, and infection
hospitalization control subjects had
similar 1-year risk of having at least
one cardiovascular event (9.7, 10.9, 8.9,
and 8.3%, respectively), and the risk was
lower for the matched general population
(4.5%).

Severe sepsis was associated with
a 1.9-fold higher risk of cardiovascular
events when compared with matched
population control subjects (incidence rates:
498.2 vs. 257.6 events/1,000 person-years;
P < 0.01; Figure 3). However, the risk
of cardiovascular events was only 1.1-fold
higher for patients with severe sepsis
compared with matched hospitalized
control subjects (incidence rates: 498.2 vs.
446.5 events/1,000 person-years; P = 0.002;
Figure 3) and similar among patients with
severe sepsis and ICU control subjects
without severe sepsis (498.2 vs. 479.3
events/1,000 person-years; P = 0.28). Thus,
the higher risk of CVD among patients with
severe sepsis was observed in a broad group
of patients hospitalized for infections and
noninfectious reasons.

A small increase in risk was observed
with organ dysfunction. For instance, the

risk of CVD was 1.1-fold higher for patients
with severe sepsis compared with matched
infection hospitalization control subjects
(incidence rates: 498.2 vs. 434.8 events/1,000
person-years; P = 0.0001; Figure 3). In
addition, in exploratory analyses, the risk of
CVD was slightly higher among those with
organ dysfunction compared with those
without organ dysfunction in hospitalized
control subjects and ICU control subjects,
but results were not statistically significant
(incidence rates: 514 vs. 446 events/1,000
person-years and 493 vs. 480 events/1,000
person-years, respectively; P > 0.05).
Similarly, the risk of CVD was 520 and 495
events/1,000 person-years in ICU patients
with severe sepsis with and without shock
(P =0.5).

Sensitivity Analyses

Sensitivity analyses showed that the
magnitude of differences between patients
with severe sepsis and matched control
subjects were similar for myocardial
infarction and stroke (Table 4). The
magnitude of differences were similar when
analyses were restricted to the pentads
without pre-existing CVD (Figure 4A). The
magnitude of differences were also similar
when pentads where at least one subject
with a cardiovascular event during the
index hospitalization were excluded

(2,562 pentads; Figure 4B), although

the results did not reach statistical
significance.

Discussion

We have shown that survivors of severe
sepsis who require ICU care had a high risk
of subsequent cardiovascular events. The
high risk is largely explained by poor
health status before the severe sepsis
hospitalization. We observed a 1.9-fold
higher risk for CVD for patients with severe
sepsis compared with matched population
control subjects. However, we also observed
a similar or slightly lower risk of CVD

for matched ICU control subjects or those
hospitalized for infectious or noninfectious
reasons. Thus, the higher risk of CVD
may be seen in a broad group of patients
requiring acute care. The 1.9-fold increased
risk is similar to the risk of cardiovascular
events observed for smoking cigarettes,
diabetes, and hypercholesterolemia (23,
24, 26). Our findings have important
implications to understand why survivors
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of severe sepsis, critical illness, or acute
care have high long-term mortality.

The higher risk of cardiovascular events
after severe sepsis can be due to the acute
episode of severe sepsis or to factors that
were present before the severe sepsis
hospitalization. For example, severe sepsis
occurs more often in older individuals,
African-American men, and those with
chronic diseases, such as diabetes and
kidney disease. Not surprisingly, the higher
risk of cardiovascular events was largely
attributable to factors that were present
before severe sepsis hospitalization. Acute
care, including severe sepsis hospitalization,
also independently increased risk of
cardiovascular events. We used multiple
control subjects to determine whether the
higher risk of severe sepsis was observed in
similar patients who required ICU care
and hospitalized for infectious and
noninfectious reasons. We observed similar
or small differences in risk between these
control subjects, suggesting that hospitalized
patients with health status similar to patients
with severe sepsis may increase risk for
CVD.

The association between acute care and
long-term risk of cardiovascular events
may be due to several mechanisms. First,
organ dysfunction occurred in patients with
severe sepsis and some of the control groups.
The organ dysfunction may persist during
recovery and increase risk of CVD. For
example, acute kidney injury may increase
risk of chronic kidney disease and
subsequent cardiovascular events (27).
Second, a dysregulated immune response,

particularly increased systemic
inflammatory markers (28), may fail to
resolve (29), and may persist during
recovery (12, 30). Persistently increased
vascular inflammation may convert stable
atherosclerotic plaques to vulnerable
plaques and increase risk of subsequent
cardiovascular events (31-33). Similarly,

a procoagulant response may persist during
recovery and increase risk of subsequent
cardiovascular events (34). Finally, reduced
physical function associated with or
unintentional discontinuation of
medication during hospitalization may also
play a role (35).

Regardless of whether the higher risk of
cardiovascular events after acute care is due
to prehospitalization risk factors or to an
acute episode itself, hospitalization may be
an important opportunity to initiate
primary prevention strategies, such as
statins or aspirin (36). For example,
approximately half of patients with severe
sepsis did not have pre-existing CVD, and
prior studies suggest that many of these
patients are not receiving statin therapy
(37). Future studies should test initiation of
statins and aspirin, and continue this
intervention after hospital discharge to
improve long-term outcomes in these
patients.

Our findings extend results of prior
studies that showed higher risk of acute
cardiovascular events after infection in two
areas (8-11). First, our results suggest that
the higher risk of CVD may be seen in
other acute conditions. Second, prior
studies largely focused on events occurring

over a few weeks to months after the
infection, whereas our results suggest that
the higher risk may persist for up to a year.
Strengths of our study include inclusion of
a nationally representative sample of
patients, large sample size, careful matching
of cases and control subjects based on
preillness characteristics, an unbiased
approach to selecting control subjects, and
inclusion of several control groups and
sensitivity analyses to account for potential
confounders.

Our study has limitations. First, we
were unable to account for the effect of
competing risk of death. The negative
binomial models accounted for different
exposure times, and the higher mortality
among patients with severe sepsis would
suggest that we may have underestimated
the risk of cardiovascular events after
severe sepsis. Second, our results apply
only to older patients. The relationship
between pre-existing health status, severe
sepsis, and subsequent cardiovascular
events may be different in younger
patients.

In conclusion, survivors of severe sepsis
have a high long-term risk of cardiovascular
events. The higher risk among survivors of
severe sepsis may be seen in a broader
population of patients requiring acute care.
Future studies should test preventive
strategies, such as statins or aspirin (36),
to improve long-term outcomes of these
patients.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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