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Abstract

Background Sepsis survivors are at elevated risk for cardiovascular disease during long-term follow-up. Whether
diabetes influences cardiovascular risk after sepsis survival remains unknown. We sought to describe the association
of diabetes with long-term cardiovascular outcomes in adult sepsis survivors.

Methods Population-based cohort study in the province of Ontario, Canada (2008-2017). Adult survivors of a first
sepsis-associated hospitalization, without pre-existing cardiovascular disease, were included. Main exposure was pre-
existing diabetes (any type). The primary outcome was the composite of myocardial infarction, stroke, and cardio-
vascular death. Patients were followed up to 5 years from discharge date until outcome occurrence or end of study
period (March 2018). We used propensity score matching (i.e, 1:1 to patients with sepsis but no pre-existing diabetes)
to adjust for measured confounding at baseline. Cause-specific Cox proportional hazards models with robust stand-
ard errors were used to estimate hazard ratios (HR) alongside 95% confidence intervals (Cl). A main secondary analysis
evaluated the modification of the association between sepsis and cardiovascular disease by pre-existing diabetes.

Results 78,638 patients with pre-existing diabetes who had a sepsis-associated hospitalization were matched

to patients hospitalized for sepsis but without diabetes. Mean age of patients was 71 years, and 55% were female.
Median duration from diabetes diagnosis was 9.8 years; mean HbATc was 7.1%. Adult sepsis survivors with pre-
existing diabetes experienced a higher hazard of major cardiovascular disease (HR 1.25; 95% Cl 1.22-1.29)—including
myocardial infarction (HR 1.40; 95% Cl 1.34-1.47) and stroke (HR 1.24; 95% Cl 1.18-1.29)—during long-term follow-
up compared to sepsis survivors without diabetes. Pre-existing diabetes modified the association between sepsis
and cardiovascular disease (risk difference: 2.3%; 95% Cl 2.0-2.6 and risk difference: 1.8%; 95% C| 1.6-2.0 for the effect
of sepsis—compared to no sepsis—among patients with and without diabetes, respectively).

Conclusions Sepsis survivors with pre-existing diabetes experience a higher long-term hazard of major cardiovas-
cular events when compared to sepsis survivors without diabetes. Compared to patients without sepsis, the absolute
risk increase of cardiovascular events after sepsis is higher in patients with diabetes (i.e., diabetes intensified the higher
cardiovascular risk induced by sepsis).
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Introduction

Sepsis is conceptualized as a life-threatening acute organ
dysfunction in response to infection and represents a
leading cause of morbidity and mortality worldwide [1-
5]. Acute complications of sepsis may be related to both
the infection itself and the host’s response and are char-
acterized by distinct organ failures and high risk of mor-
tality [3, 5, 6]. Moreover, there is an increasing awareness
of the long-term health risks of sepsis, including—but
not limited to—recurrent sepsis, clinical decondition-
ing and re-hospitalization, mental health problems, and
cardiovascular events (which can be considered as part of
the so-called post intensive care syndrome) [7-17].

Social determinants of health and baseline burden of
disease such as nutrition, lifestyle choices, and comorbid
conditions may all interact with the risk of both short-
and long-term outcomes following sepsis [6, 18-23].
Diabetes mellitus may be a particularly important deter-
minant of sepsis-related outcomes due to the associated
cardiovascular changes and its high and ever-increasing
prevalence [24—26]. Diabetes may affect post-sepsis car-
diovascular disease either (1) directly, (2) through its
association with other comorbidities such as hyperten-
sion, (3) through the varying severity of the sepsis epi-
sode, or (4) through the amplification of changes (e.g.,
inflammation cascade) that may occur after sepsis [23,
27]. However, once sepsis develops in patients with dia-
betes, the impact on organ failure, in-hospital events,
and long-term clinical outcomes remains unclear [28,
29]. Overall, short-term mortality and risk of acute
lung injury following sepsis may be reduced compared
to patients without diabetes, while acute renal failure
appears to be more common [23, 25, 30—33]. Diabetes
is an established risk factor for cardiovascular disease,
but the degree to which diabetes increases the risk of
experiencing cardiovascular outcomes after sepsis (e.g.,
the potential additive risk in sepsis survivors) remains
incompletely characterized [23, 27].

We sought to describe the association of pre-existing
diabetes with long-term cardiovascular outcomes in
adult sepsis survivors using population-based data from
the province of Ontario. We hypothesized that pre-exist-
ing diabetes would be associated with a higher risk of
cardiovascular disease in sepsis survivors.

Methods

Data sources and study population

We created the study cohort using population-based
provincial health administrative databases contained
at ICES, an independent, non-profit research institute
whose legal status under Ontario’s health information
privacy law allows it to collect and analyze healthcare and
demographic data, without consent, for health system
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evaluation and improvement. These datasets were
linked using unique encoded identifiers. Our study was
developed in accordance with the amended Declaration
of Helsinki, and this report follows the Strengthening
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) [34]. The use of data in this project was
authorized under Sect. 45 of Ontario’s Personal Health
Information Protection Act, which does not require
review by a Research Ethics Board.

Our cohort included adults (age 18 years or older) in
the province of Ontario, Canada, who survived a first
sepsis-related hospitalization between April 2008 and
April 2017. The study dates were chosen to optimize
data completeness, and to allow a minimum follow-up
of one year for all patients (to March 2018). Sepsis was
identified using a previously validated algorithm [35, 36].
To control for baseline confounding, patients with pre-
existing cardiovascular disease (identified during a 5-year
lookback period) were excluded [14]. For all patients, the
start of follow-up (i.e., index date) was defined as the date
of hospital discharge. Patients were followed until out-
come occurrence up to a maximum of five years or end of
the study period.

Main exposure and outcomes of interest

Our exposure of interest was pre-existing diabetes at the
time of sepsis hospitalization, defined using a previously
validated algorithm [26]. This algorithm has high sensi-
tivity and specificity but does not differentiate between
type 1 or type 2 diabetes mellitus [26]. The composite
primary outcome of interest was comprised of any of
myocardial infarction, stroke, or cardiovascular death,
defined using International Classification of Diseases
10-CA codes [37-39]. Secondary outcomes of interest
included myocardial infarction, stroke, recurrent sepsis
within 1 year, and the competing risk of non-cardiovas-
cular death [14]. Table S1 in the supplement describes
specific coding strategies used to define main variables of
interest; details can be found elsewhere [14, 26, 35, 39].

Statistical analysis

Patients’ demographic, clinical, and hospital level charac-
teristics were summarized using proportions for categor-
ical variables and mean and standard deviation (SD) or
median and interquartile range (IQR) for continuous var-
iables, as appropriate. Baseline characteristics of patients
with or without diabetes were compared using standard-
ized mean differences (SMD) [40]. SMD greater than 10%
were considered relevant.

We used propensity score matching to control for
measured confounding [40]. Specifically, we created a
propensity score (i.e., disease risk score) for pre-existing
diabetes using a logistic regression model including the
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following measured confounders identified using sub-
ject matter knowledge: age, sex, income quintile, long-
term care residency, classic cardiovascular risk factors
such as hypertension, dyslipidemia, and atrial fibrilla-
tion, and baseline comorbid conditions such as chronic
kidney and pulmonary disease. To avoid overmatching
on hospital characteristics that may lie within the causal
pathway between pre-existing diabetes and cardiovas-
cular disease, we did not match for severity of sepsis
or intensity of organ support [14]. We then performed
one to one greedy matching without replacement with
a caliper width of 0.15 on the logit scale [40]. Outcome
occurrence was summarized using cumulative inci-
dence during long-term follow-up, alongside cumula-
tive incidence functions [41]. To estimate the association
between diabetes and time to (first) binary outcomes, we
used cause-specific Cox proportional hazards model with
robust standard errors based on the sandwich estimator
to account for the matching procedure [42]. To estimate
the association between diabetes and recurrent sepsis
during the first year following hospital discharge (and to
allow for multiple or recurring events), we used a Poisson
regression model [43], also with robust standard errors.
Effect estimates are reported as hazard ratios (HR) or
incidence rate ratios (IRR) as appropriate, alongside 95%
confidence intervals.

Secondary and sensitivity analyses

To further explore the impact of diabetes on long-term
cardiovascular disease after sepsis, our main secondary
analysis explored the modification of the association
between sepsis and subsequent cardiovascular events
by pre-existing diabetes. Specifically, we explored
whether the previously identified effect of sepsis on car-
diovascular disease during long-term follow-up varied
across subgroups of patients with and without diabetes
[14]. For this analysis, and in a similar way to previously
reported [14], we included matched adult patients who
survived a hospitalization (either related to sepsis or
not). Details about cohort creation, matching, and the
comparison between patients with and without sepsis
can be found in the supplement and elsewhere [14].
We then fitted a multivariable Cox proportional haz-
ards model (i.e., on the multiplicative scale) with sep-
sis, pre-existing diabetes, and their interaction as main
covariates. To further assess effect measure modifica-
tion on the additive and multiplicative scales, we also
fitted generalized linear models with a binomial distri-
bution and an identity or a log link to estimate absolute
risk differences (i.e., additive scale) and risk ratios (i.e.,
multiplicative scale), respectively [44]. The presence of
effect measure modification in all models was assessed
based on a Wald test for the interaction term, and the
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effect of sepsis on long-term cardiovascular disease is
reported separately for patients with and without pre-
existing diabetes. Further details can be found in the
supplement.

We also conducted several sensitivity analyses to
assess the robustness of our main findings. First, we
report the E-value for the point estimate and lower
bound of the 95% confidence intervals for our main
analysis on the primary outcome of interest [45]. Sec-
ond, we utilized Fine and Gray models to take into
account the competing risk of non-cardiovascular
death, reporting sub-distribution HRs alongside 95%
CI [46]. Third, since patients with chronic kidney dis-
ease may have a differential risk of sepsis and subse-
quent outcomes, we refitted our analysis restricting to
patients without kidney failure at baseline (identified
using International Classification of Diseases 10-CA
codes during the lookback period) [47]. Fourth, we
planned to further adjust, if needed, for baseline imbal-
ances after matching (i.e., SMD greater than 10%) [48].
Fifth, since the intensity of the acute illness may mod-
ify the long-term cardiovascular risk following sepsis,
we re-fitted our analysis while adjusting for in hospi-
tal characteristics (e.g., receipt of renal replacement
therapy and mechanical ventilation) [23]. Further, since
renal replacement therapy has been recently recog-
nized as a potential risk factor of cardiovascular disease
in sepsis survivors, we performed a causal mediation
analysis considering the receipt of new dialysis as a
potential mediator of the association between diabetes
and the primary outcome (further details found in the
supplement) [23, 49]. Sixth, we evaluated the impact of
preadmission glycemic control of patients with diabe-
tes on subsequent cardiovascular disease. To this end,
we stratified patients by their measured HbAlc (i.e.,
less than 6.5%, 6.5% to 7.9%, more or equal than 8%).
Seventh, we re-fitted our estimates considering those
patients without previously identified diabetes but with
a baseline HbAlc greater than or equal than 6.5% as
having pre-existing diabetes. Eighth, we conducted a
quantitative bias analysis to correct for potential mis-
classification of the exposure based on the expected
accuracy of the coding algorithm for pre-existing diabe-
tes [50]. Finally, we re-fitted our main analysis without
the exclusion of patients with pre-existing cardiovascu-
lar disease since they may represent a population spe-
cifically at risk of subsequent cardiovascular outcomes
after sepsis.

All analyses were performed using SAS Enterprise
Guide version 7.1 (Cary, NC) and STATA v.14.2 (Stata-
Corp, College Station, TX). A p-value of 0.05 was used
as threshold for statistical significance and all tests were
two-sided.
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Results

Overall, 78,638 sepsis survivors with pre-existing dia-
betes were matched to sepsis survivors without dia-
betes during the study period (Fig. 1 and Table 1;
Additional file 1: Table S2 shows the baseline charac-
teristics of the complete unmatched sample). Mean age
of patients was 71 years, and 55% were female. Median
duration since diabetes diagnosis was 9.8 years (IQR
3.9-15.3); mean HbA1c on the last blood work prior to
admission (available for 76% of sample) was 7.1% (SD:
1.6). Main comorbidities in patients with diabetes were
hypertension (79%), active malignancy (28%), demen-
tia (19%), and chronic kidney disease (10%). All demo-
graphics and comorbidities were balanced across both
groups (i.e., SMD less than 10%).
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On average, adult sepsis survivors with and without
pre-existing diabetes had similar sources of infection and
presence of septic shock during the initial hospitaliza-
tion (Table 1). No relevant differences were observed in
intensive care unit admission or renal replacement ther-
apy (Table 1). Acute kidney injury was more common in
patients with pre-existing diabetes (Table 1).

Major cardiovascular disease and secondary outcomes

Participant follow-up information is presented in Addi-
tional file 1: Table S3. Median follow-up time for patients
with and without pre-existing diabetes was 2.7 years
(IQR 1.1-4.9) and 2.8 (IQR 1.2-5.0), respectively. Adult
sepsis survivors with pre-existing diabetes experienced
a higher hazard of major cardiovascular disease during
long-term follow-up when compared to sepsis survivors
without diabetes (HR 1.25; 95% CI 1.22-1.29; Table 2).

472,251 adult sepsis
survivors in Ontario
(2008 - 2017)

f 203,992 (43.2%) patients

excluded with pre-existing
cardiovascular disease

268,259 adult sepsis
survivors without
cardiovascular disease
(2008 - 2017)

T

184,754 patients
without pre-existing
diabetes

106,116 (57%)
patients not matched
v

78,638 patients
without pre-existing

diabetes 1:1
matched

83,505 patients with
pre-existing diabetes

4,867 (5.8%)
patients not matched
\4

78,638 patients
with pre-existing
diabetes 1:1
matched

Fig. 1 Study flowchart. Cohort creation based on 1:1 matching on a propensity (i.e., disease-risk) score
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Table 1 Baseline characteristics of matched adult sepsis survivors with or without pre-existing diabetes mellitus in Ontario (2008—

2017)
Baseline covariate Pre-existing diabetes mellitus SMD
NO (N=78,638) YES (N=78,638)
Demographics and comorbidities
Age (years) — mean, SD 713(14.2) 71.2(14.4) 0.01
Female sex - % 548 54.8 0.00
Income quintile' - %
1 26.3 26.3 0.00
2 220 220 0.01
3 19.2 19.2 0.01
4 17.5 175 0.01
5 14.9 15.0 0.00
Hypertension - % 793 79.5 0.00
Dyslipidemia — % 17.5 18.1 0.01
Atrial fibrillation — % 43 49 0.03
Chronic kidney disease — % 89 9.7 0.03
Venous thromboembolic disease - % 20 23 0.03
Active malignancy — % 276 278 0.00
Dementia - % 18.6 19.2 0.02
Sepsis hospitalization characteristics
Site of infection
Pneumonia 315 299 0.04
Urosepsis 37.1 399 0.06
Acute kidney injury — % 1.2 149 0.11
Renal replacement therapy — % 1.8 23 0.04
Respiratory failure — % 343 323 0.04
Septic shock — % 231 26.5 0.08
Intensive care unit admission — % 18.2 18.7 0.01
Total length of stay (days) - median, IQR 7 (4-16) 7 (4-16) 0.01

' Missing for less than 1% of patients
SMD Standardized mean difference, IQR Interquartile range, SD Standard deviation

Table 2 Main outcome measures in adult sepsis survivors with
or without diabetes

Hazard ratio’ or
incidence rate ratio

Outcome of interest

(95% CI)

Myocardial infarction, stroke, or cardiovascular ~ 1.25 (1.22-1.29)
death

Secondary outcomes

Myocardial infarction 1.40 (1.34-1.47)
Stroke 1.24(1.18-1.29)
Competing risk of non-cardiovascular death 1.02 (1.00-1.03)
Recurrent sepsis’ 1.01 (1.00-1.03)

" Based on a cause-specific Cox proportional hazards model including the
exposure as a binary variable and using robust standard errors. Shown for all
time to binary events (i.e., all except recurrent sepsis)

2 Recurrent episodes during the first year after hospital discharge. Incidence rate
ratio shown, based on a Poisson model with robust standard errors

Cl Confidence interval

Cumulative incidence functions are shown in Fig. 2.
Adult sepsis survivors with pre-existing diabetes experi-
enced a higher hazard of myocardial infarction (HR 1.40;
95% CI 1.34—1.47; Table 2) and stroke (HR: 1.24; 95% CI
1.18-1.29; Table 2). No significant difference was noted
for the competing risk of non-cardiovascular death dur-
ing long-term follow-up (HR 1.02; 95% CI 1.00-1.03;
Table 2) or recurrent sepsis during the first year after
hospital discharge (IRR 1.01; 95% CI 1.00—1.03; Table 2).

Modification of the effect of sepsis on cardiovascular
disease by diabetes

The effect measure modification analysis is summa-
rized in Table 3, Additional file 1: Table S4 and Table S5.
Cohort description, and overall association of sepsis
(compared to no sepsis) on cardiovascular disease can be
found elsewhere [14]. On the multiplicative scale (i.e., HR
or risk ratios (RR)), pre-existing diabetes did not modify



Angriman et al. Critical Care (2023) 27:302
0.15
(]
&
g o0.10
S|
g
E
Q
]
3
(=]
2
—
S
s
2
S 005
0.00
0 1 2

Page 6 of 10

Time (years)

Diabetes

No Diabetes

Fig. 2 Cumulative incidence function' for the primary composite outcome of myocardial infarction, stroke, or cardiovascular death among adult
sepsis survivors in Ontario (2008-2017). Based on a sub-distribution proportional hazards Fine and Gray model including pre-existing diabetes
as a binary indicator. Major cardiovascular disease defined as the composite of myocardial infarction, stroke, or cardiovascular death

Table 3 Modification of the effect of sepsis on major cardiovascular disease during long-term follow-up by pre-existing diabetes'

Cumulative incidence of major cardiovascular Association of sepsis

events (vs. no sepsis) with major cardiovascular events

Sepsis diagnosis

YES NO HR (95% CI)? RR (95% CI)* ARD (95% CI)*
Patients with diabetes 12.2% (12.0-124) 9.9% (9.7-10.1) 127 (1.23-1.31) 1.23(1.19-1.27) 2.3% (2.0-2.6)
Patients without diabetes 9.0% (8.9-9.2) 72% (7.1-74) 1.31(1.28-1.34) 1.25(1.22-1.28) 1.8% (1.6-2.0)

! Based on a matched cohort study (1:1) of adult sepsis survivors to survivors of non-sepsis hospitalization, similar to previously reported in Angriman, et al.[14] With
similar methodology, exact (on age, sex, and pre-existing diabetes) and propensity score matching was performed. Regression analysis was based on a sample of
249,051 matched pairs. Standard errors based on the sandwich estimator to account for the matching procedure. P values for interaction shown below are based on a
Wald test. Major cardiovascular disease defined as the composite of myocardial infarction, stroke, and cardiovascular death. Follow-up from date of hospital discharge

up to 5 years

2 Hazard ratios estimated using a Cox proportional hazards model; p value for interaction =0.10

3 Risk ratios estimated using a log-binomial model; p value for interaction=0.42

4 Absolute risk differences estimated using a generalized linear model with an identity link and a binomial distribution; p value for interaction < 0.01

HR Hazard ratio, RR Risk ratio, ARD Absolute risk difference, C/ Confidence interval

the previously estimated effect of sepsis on major cardio-
vascular disease during long-term follow-up (HR 1.27;
95% CI 1.23-1.31 and HR: 1.31; 95% CI 1.28-1.34 for the
effect of sepsis among patients with and without diabe-
tes, respectively; p value for interaction=0.10; Table 3).
Similar results were estimated when using a log-binomial
model (RR 1.23; 95% CI 1.19-1.27 and RR: 1.25; 95% CI

1.22-1.28 for the effect of sepsis among patients with
and without diabetes, respectively; p value for interac-
tion=0.42; Table 3).

The absolute risk (up to 5 years) of cardiovascular dis-
ease ranged from 7.2% in patients without sepsis and
no pre-existing diabetes to 12.2% among patients who
survived a sepsis episode and had prevalent diabetes
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(Table 3). On the additive scale, pre-existing diabetes
modified the effect of sepsis on major cardiovascular dis-
ease during long-term follow-up (risk difference: 2.3%;
95% CI 2.0-2.6 and risk difference: 1.8; 95% CI 1.6-2.0
for the effect of sepsis among patients with and with-
out diabetes, respectively; p value for interaction <0.01;
Table 3).

Sensitivity analyses

The main effect estimates were similar across several sen-
sitivity analyses, namely while (1) using Fine and Gray
models (sub-distribution HR 1.24; 95% CI 1.21-1.28;
Additional file 1: Table S6), (2) restricting to patients
without chronic kidney disease (HR 1.21; 95% CI 1.18—
1.25; Additional file 1: Table S7), (3) adjusting for acute
kidney injury upon admission (HR 1.25; 95% CI 1.21-
1.28; Additional file 1: Table S7), (4) adjusting for renal
replacement therapy and mechanical ventilation during
the index hospitalization (HR 1.25; 95% CI 1.21-1.29;
Additional file 1: Table S7), (5) keeping within the ana-
lytical sample patients with pre-existing cardiovascular
disease (HR 1.21; 95% CI 1.19-1.23; Additional file 1:
Table S7), (6) considering those patients without diabe-
tes but with an HbA1lc greater than or equal to 6.5% as
being exposed (HR 1.24; 95% CI 1.20-1.27; Additional
file 1: Table S7), (7) adjusting for potential misclassifica-
tion of the exposure (RR 1.25; 95% CI 1.20-1.30; Figure
S1). Increasing HbAlc at baseline was associated with an
increased risk of cardiovascular disease during long-term
follow-up (Additional file 1: Table S8). The E-value for the
point estimate and lower bound of the main analysis was
1.61 and 1.56, respectively (Figure S2). There was no evi-
dence of relevant mediation of the effect of pre-existing
diabetes on subsequent cardiovascular events through
the receipt of renal replacement therapy during the sepsis
hospitalization (Additional file 1: Table S7).

Discussion

Our study shows that adult sepsis survivors with preva-
lent diabetes experience a higher hazard of long-term
cardiovascular outcomes compared to similar patients
without diabetes. We also observed that sepsis survivors
with and without diabetes are at a similarly elevated rela-
tive risk for cardiovascular disease compared to patients
without sepsis. The absolute risk increase of cardiovascu-
lar events after sepsis is higher in patients with diabetes
(i.e., on the additive scale, diabetes intensified the higher
cardiovascular risk induced by sepsis).

Pre-existing diabetes represents a classic cardiovascular
risk factor in the general population, whereas mounting
evidence from observational studies show the increased
risk of cardiovascular disease in sepsis survivors [14—16,
27, 51-53]. Furthermore, the potential role for diabetes
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as an independent risk factor for cardiovascular disease
in adult sepsis survivors has also been recently high-
lighted [21, 23, 54]. Prior studies have shown how, among
other baseline comorbidities and characteristics of the
sepsis episode, pre-existing diabetes may be associated
with a higher risk of cardiovascular disease following sep-
sis; however, these studies were not designed specifically
to quantify the impact of diabetes and were undertaken
mostly within a prediction framework [21, 23].

A strength of our study is the matching of patients
with and without diabetes and exploring several car-
diovascular outcomes of interest, while also considering
characteristics of the sepsis hospitalization. Our study
highlights how diabetes appears to increase the risk of
experiencing future cardiovascular outcomes after sepsis
but does not increase the risk of other outcomes includ-
ing recurrent sepsis or all-cause mortality. Furthermore,
the presence of additive effect measure modification by
diabetes of the association between sepsis and cardiovas-
cular outcomes suggests that, in addition to being con-
sidered as independent risk factors, the combination of
both carries potentially the highest risk during long-term
follow-up. This is in alignment with previous findings
showing a differential effect of sepsis on cardiovascular
disease introduced by both age and sex [14]. Such groups
of sepsis survivors at highest risk of subsequent cardio-
vascular outcomes could be the focus of future research
evaluating potential mitigation strategies [23, 55].

Our study has several limitations. First, sepsis was
identified using an administrative algorithm, and some
degree of misclassification is expected [36]. This misclas-
sification is more likely to lead to missed sepsis cases but
could also lead to some patients being falsely classified
as having sepsis with resulting bias toward the null of no
association. Similarly, pre-existing cardiovascular dis-
ease was defined using administrative coding and some
degree of false negative results are expected. Addition-
ally, algorithms do not differentiate between type 1 or
type 2 diabetes, and we could not assess differences (if
any) between them. Second, our results are subject to
residual and unmeasured confounding, where the asso-
ciation between diabetes and cardiovascular disease may
be explained by a third characteristic such as baseline
frailty (e.g., both associated with diabetes and cardio-
vascular events) [56]. However, our E-value showed that
such a potential unmeasured confounder would need to
have a moderate strength of association with both the
exposure and outcome to explain our findings [45]. Third,
our assessment of long-term outcomes is likely subject
to the competing risk of non-cardiovascular mortality,
especially in the face of its high occurrence among sep-
sis survivors [41, 46, 57]; we used formal methods to take
this into account and our estimates were robust across
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different modeling techniques, including Fine and Gray
sub-distribution hazards models [46]. Fourth, we did not
include information on medications for diabetes (not
available in ICES for those patients younger than 65 years
of age) that may further modify the cardiovascular risk
post-sepsis, either through metabolic control or other
pathways yet to be elucidated. This may be of particular
importance for the case of metformin given some obser-
vational data pointing toward improved outcomes in the
critically ill population [58, 59]. In addition, we did not
have information on newly diagnosed (e.g., post-sepsis)
diabetes after hospitalization that may also influence the
risk of long-term cardiovascular disease in sepsis survi-
vors. Whether diabetes is a potential component of the
post-intensive care syndrome (and the impact of this on
subsequent cardiovascular events in sepsis survivors)
remains unknown [60]. Fifth, our outcome assessment
was also based on administrative algorithms and as such,
some degree of misclassification is expected; however,
this is likely non-differential and toward the null of no
association [39]. Sixth, we did not capture information on
pre-existing obesity, which could affect or modify the risk
of cardiovascular disease in adult sepsis survivors with
and without diabetes.

In conclusion, sepsis survivors with pre-existing dia-
betes face a higher long-term hazard of experiencing
major cardiovascular outcomes when compared to sepsis
survivors without diabetes. Pre-existing diabetes further
intensifies the effect of sepsis on major cardiovascular
events during long-term follow-up. Future studies should
evaluate which subgroups (if any) of patients with diabe-
tes remain at highest risk, and whether improvements in
metabolic control and specific prescription patterns can
mitigate the cardiovascular risk after sepsis in patients
with diabetes.
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The online version contains supplementary material available at https://doi.
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