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OBSERVATIONAL STUDY

Preexisting Diabetes Mellitus and All-Cause 
Mortality in Adult Patients With Sepsis:  
A Population-Based Cohort Study
OBJECTIVES: We assessed the association of preexisting diabetes mellitus with 
all-cause mortality and organ support receipt in adult patients with sepsis.

DESIGN: Population-based cohort study.

SETTING: Ontario, Canada (2008–2019).

POPULATION: Adult patients (18 yr old or older) with a first sepsis-related hos-
pitalization episode.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The main exposure of interest was 
preexisting diabetes (either type 1 or 2). The primary outcome was all-cause mor-
tality by 90 days; secondary outcomes included receipt of invasive mechanical 
ventilation and new renal replacement therapy. We report adjusted (for baseline 
characteristics using standardization) risk ratios (RRs) alongside 95% CIs. A main 
secondary analysis evaluated the potential mediation by prior metformin use of the 
association between preexisting diabetes and all-cause mortality following sepsis. 
Overall, 503,455 adults with a first sepsis-related hospitalization episode were 
included; 36% had preexisting diabetes. Mean age was 73 years, and 54% of the 
cohort were females. Preexisting diabetes was associated with a lower adjusted 
risk of all-cause mortality at 90 days (RR, 0.81; 95% CI, 0.80–0.82). Preexisting 
diabetes was associated with an increased risk of new renal replacement therapy 
(RR, 1.53; 95% CI, 1.46–1.60) but not invasive mechanical ventilation (RR, 1.03; 
95% CI, 1.00–1.05). Overall, 21% (95% CI, 19–28) of the association between 
preexisting diabetes and reduced risk of all-cause mortality was mediated by prior 
metformin use.

CONCLUSIONS: Preexisting diabetes is associated with a lower risk of all-cause 
mortality and higher risk of new renal replacement therapy among adult patients 
with sepsis. Future studies should evaluate the underlying mechanisms of these 
associations.

KEYWORDS: all-cause mortality; diabetes; invasive mechanical ventilation; 
metformin; renal replacement therapy; sepsis

Sepsis is a complex and life-threatening organ dysfunction in response to 
infection; representing a significant global health burden and one of the 
leading causes of morbidity and mortality worldwide (1–4). Sepsis is re-

sponsible for an estimated 11 million deaths annually, accounting for approx-
imately one in five deaths globally (3). The short-term effects of sepsis include 
increased mortality rates, recurrent infections, and the need for ICU admission 
and life-sustaining therapies (1, 5–11).

The interaction between preexisting diabetes and sepsis in relation 
to clinical outcomes is an area of considerable interest, given the ever- 
increasing prevalence of diabetes worldwide and the potential associated 
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changes in inflammation and immune functions 
(12–18). Overall, there is uncertainty about the in-
terplay of chronic hyperglycemia, inflammation, and 
modifications in the immune response with sepsis-
associated changes such as immune suppression, en-
dothelial dysfunction, and acute organ failure (19). 
The clinical consequences of these interactions (and 
of chronic medication use) remain incompletely 
characterized.

For example, adult patients with diabetes might 
have a higher likelihood of developing new infections, 
sepsis, and associated long-term outcomes (e.g., cardi-
ovascular disease) (15, 19, 20). However, there is con-
flicting evidence on the effects of preexisting diabetes 
on the short-term outcomes following sepsis (14, 19, 
21, 22). When compared with patients without dia-
betes, patients with preexisting diabetes appear to face 
an increased risk of acute kidney injury and new renal 
replacement therapy with similar (or lower) rates of 
all-cause mortality and acute respiratory failure (13, 
14, 21–25). Notably, previous studies have been limited 
by: 1) short follow-up, 2) a restricted number of end-
points, 3) focusing solely on sepsis survivors, or 4) the 
lack of population-based data. Furthermore, no study 
has evaluated potential mechanisms for these associa-
tions via mediation analysis.

Hence, this study aimed to investigate whether pre-
existing diabetes was associated with short-term out-
comes in adult patients with sepsis, including all-cause 
mortality and the receipt of organ support measures, 
using a population-based cohort study in the province 
of Ontario. We hypothesized that preexisting diabetes 
would be associated with a higher risk of acute kidney 
injury requiring renal replacement therapy but not of 

respiratory failure requiring invasive mechanical ven-
tilation or all-cause mortality.

MATERIALS AND METHODS

Data Sources and Study Population

The study cohort was created using population-based 
provincial health administrative databases contained 
at ICES, an independent, nonprofit 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 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 Epidemiology (26). The use of data in this project 
was authorized under section 45 of Ontario’s Personal 
Health Information Protection Act, which does not re-
quire review by a research ethics board.

This study included adults (18 yr old or older) in 
the province of Ontario, Canada, with a first sepsis-
related hospitalization between April 2008 and March 
2019; the study dates were chosen to optimize data 
completeness. We did not perform a priori sample 
size calculations. Sepsis was identified using a pre-
viously validated algorithm (see details in Table S1, 
http://links.lww.com/CCX/B334) (27). To analyze in- 
hospital outcomes (such as organ support) and avoid 
potential reverse causation, those patients with an elec-
tive admission or a sepsis episode not categorized as 
either a most responsible or admitting diagnosis were 
excluded. The start of follow-up (i.e., index date) was 
defined as the date of hospital admission. Follow-up 
was until primary outcome occurrence up to a max-
imum of 90 days.

Main Exposure and Outcomes of Interest

Our exposure of interest was an antecedent diagnosis 
of (i.e., preexisting) diabetes at the time of sepsis hos-
pitalization, defined using a previously validated al-
gorithm with International Classification of Diseases, 
10th Revision, with Canadian Enhancements (ICD-
10-CA) codes (28). This algorithm has high sen-
sitivity and specificity (uses data from inpatient 
and outpatient encounters, as well as prescription 

 
KEY POINTS

Question: Is preexisting diabetes associated with 
worse outcomes among adult patients with sepsis?

Findings: In this population-based cohort study 
of adult patients with sepsis, the adjusted risk ratio 
of all-cause mortality at 90 days for preexisting di-
abetes was 0.81 (95% CI, 0.80–0.82).

Meaning: Preexisting diabetes is associated with 
a lower risk of all-cause mortality among adult 
patients with sepsis.
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information) but does not differentiate between type 
1 and type 2 diabetes mellitus (Table S1, http://links.
lww.com/CCX/B334). The primary outcome of in-
terest was all-cause mortality at 90 days. Secondary 
outcomes of interest included all-cause mortality at 
30 days, receipt of invasive mechanical ventilation, 
and new receipt of renal replacement therapy (organ 
support was measured during index hospitalization). 
We also collected information on ICU admission, 
presence of septic shock, total length of stay, gly-
cated hemoglobin, and severity of illness measured 
at the time of ICU admission (i.e., multiple organ 
dysfunction score) (29). Table S1 (http://links.lww.
com/CCX/B334) describes specific coding strategies 
(and their accuracy) used to define sepsis and main 
variables of interest; details can be found elsewhere 
(12, 20, 27, 30, 31).

Statistical Analysis

Patients’ demographic, clinical, and hospital-level 
characteristics were summarized using proportions 
for categorical variables and mean and sd or median 
and interquartile range for continuous variables, as ap-
propriate. Baseline characteristics of patients with or 
without diabetes were compared using standardized 
mean differences (SMDs). SMDs greater than 10% 
were considered relevant (32). Cumulative incidence is 
reported for in-hospital outcomes and all-cause mor-
tality at 30 and 90 days across groups. Unadjusted and 
adjusted risk ratios (RRs) alongside 95% CIs are pre-
sented for all outcomes of interest and organ support 
measures. We report crude measures of association 
(based on modified Poisson models) since adjusted 
measures might be difficult to conceptualize (e.g., the 
association of preexisting diabetes with outcomes of 
interest while “adjusting” for preexisting conditions 
that may have been caused by the disease itself, such as 
cardiovascular comorbidity). We also used multivari-
able modified Poisson models or standardization to 
estimate adjusted measures of association. Specifically, 
standardization was used to estimate the association 
of preexisting diabetes with main outcomes of interest 
when compared with a population without a diabetes 
diagnosis but with a similar distribution of baseline 
comorbidities as in the overall study sample; we de-
rived adjusted RR and constructed 95% CIs using 
nonparametric bootstrapping (33). Following usual 

recommendations, we used subject matter knowledge 
for covariate selection in all models (i.e., including 
variables considered to be potential confounders or 
a proxy of an unmeasured confounder, and avoiding 
potential instruments) (34, 35). The vector of poten-
tial confounders included baseline demographics (e.g., 
age, sex, rural setting), social determinants of health 
(e.g., income quintile, material deprivation), comor-
bidity burden at baseline (e.g., Charlson comorbidity 
index (36), chronic kidney disease, coronary heart 
disease, congestive heart failure), and frailty (defined 
using a validated algorithm) (37).

Secondary and Sensitivity Analyses

Our main secondary analysis evaluated the potential 
role of prior metformin use in explaining the associ-
ation between diabetes and short-term mortality fol-
lowing sepsis. Prior studies have shown a potential 
reduction in the risk of all-cause death with prior met-
formin use in adult patients admitted with sepsis (38). 
Hence, we first evaluated the association between prior 
metformin use (within 90 d of hospitalization and 
compared with no metformin use during this time-
frame) and short-term outcomes while restricting to 
patients with sepsis and diabetes. We then performed a 
mediation analysis to describe whether the association 
between preexisting diabetes and 90-day mortality 
was either due to a direct (i.e., not mediated by met-
formin) or an indirect path through the prior use of 
metformin (39, 40). These analyses were restricted to 
adult patients with sepsis who were older than 65 years 
old because there is no prescription information avail-
able in ICES for patients younger than this age cutoff. 
Further details can be found in the Supplementary 
appendix (http://links.lww.com/CCX/B334).

We also performed several sensitivity analyses to 
assess the robustness of our findings. These analyses 
make significant changes in either the exposure defini-
tion, population selection, or analytical strategy. First, 
we refitted our main estimates (both unadjusted and 
adjusted) while not restricting to patients with sepsis as 
a main or admitting diagnosis. Second, we report esti-
mates after performing 1:1 matching of patients with 
diabetes to patients without diabetes (41). Matching 
was based on a disease risk score (i.e., propensity 
score for diabetes) using a multivariable logistic re-
gression model that included the same covariates as 
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the standardization described above. RRs are reported 
with CIs constructed using the sandwich estimator to 
account for the matching procedure. Third, since met-
abolic control may impact sepsis-associated outcomes, 
we refitted our analysis changing the exposure from a 
binary variable to the following three levels (following 
common thresholds in clinical practice): no diabetes, 
diabetes with a glycated hemoglobin less than or equal 
to 7%, and diabetes with a glycated hemoglobin of 
more than 7% (42). We also changed the comparator 
and exposure groups based on glycated hemoglobin as 
follows: 1) no diabetes without HbA1c measurement, 
2) no diabetes with HbA1c lower than 5.7%, 3) no dia-
betes with HbA1c between 5.7% and 6.5%, 4) not pre-
viously diagnosed (i.e., not coded) diabetes but with 
HbA1c equal or higher than 6.5%, 5) preexisting dia-
betes with HbA1c lower than 6.5%, 6) preexisting dia-
betes with HbA1c measurement equal or higher than 
6.5%. For both these analyses, we used the last avail-
able glycated hemoglobin level. Fourth, we refitted our 
main analysis while restricting to patients admitted to 
the ICU because these patients may face a higher de-
gree of poor short-term outcomes with a differential 
impact of preexisting diabetes. Fifth, we assessed the 
impact of prior length from diabetes diagnosis on clin-
ical outcomes. Finally, we refitted our estimates while 
restricting the study sample to patients with either 
pneumonia or urosepsis as source of infection.

All analyses were performed at ICES using SAS 
Enterprise Guide version 7.1 (Cary, NC).

RESULTS

Overall, 710,966 adult patients presented with a first 
episode of a sepsis-related hospitalization during the 
study period in the province of Ontario (2008–2019; 
Fig. 1). Of these, 503,455 had sepsis as either main or 
admitting diagnosis and were included in the present 
analysis, of which 183,585 had preexisting diabetes 
upon hospital admission. Mean glycated hemoglobin 
for those patients with sepsis and diabetes was 7.1% 
(sd: 1.6; 80% of patients had at least one measure-
ment available). Mean glycated hemoglobin for those 
patients with sepsis and without a diabetes diagnosis 
was 5.7% (sd: 0.5; 49% of patients had at least one meas-
urement available). Table 1 summarizes the baseline 
characteristics of study patients. Mean age of patients 
was 73 years, and more than half (54%) were females. 
Main comorbidities were hypertension (73%), chronic 
pulmonary disease (36%), and congestive heart failure 
(24%); 6% of patients had chronic kidney disease.

Adult patients with sepsis and preexisting diabetes 
were older and had a higher burden of comorbid condi-
tions at baseline (Table 1); the prevalence of hyperten-
sion, coronary heart disease, chronic kidney disease, and 
congestive heart failure was higher in patients with sepsis 

and preexisting diabetes 
than in patients with sepsis 
and no diabetes. Finally, 
patients with preexisting di-
abetes had higher Charlson 
and frailty scores at base-
line (Table 1). Table 2 and  
Table S2 (http://links.lww.
com/CCX/B334) summarize 
the characteristics of the hos-
pital stay for patients with or 
without preexisting diabetes. 
Patients with sepsis and pre-
existing diabetes had com-
parable: 1) hospital lengths 
of stay, 2) incidence of septic 
shock, 3) ICU admission, 
and 4) severity of illness as 
measured by the multiple 
organ dysfunction score.

Figure 1. Flowchart of study patients. Preexisting diabetes is defined using the Ontario diabetes 
database.

http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
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TABLE 1.
Baseline Characteristics of Adult Patients With a First Sepsis-Related Hospitalization With 
or Without Preexisting Diabetes in Ontario (2008–2019)

Baseline Characteristic

All Adult Patient 
With Sepsis  

(N = 503,455)

Patients With 
Preexisting Diabetes  

(N = 183,585)

Patients Without a 
Diabetes Diagnosis  

(N = 319,870)

Standardized 
Mean 

Differences

Demographic characteristics

  Age (yr), mean (sd) 73.3 (15.8) 74.9 (12.6) 72.5 (17.3) 0.16

  Female sex (%) 54.3 50.8 56.3 0.11

  Rural setting (%) 13.3 12.9 13.5 0.02

  Income quintile (%)a

   1 25.0 26.9 24.0 0.07

   2 21.7 22.4 21.4 0.02

   3 19.2 19.2 19.2 0.00

   4 17.5 16.8 17.9 0.03

   5 16.0 14.2 17.0 0.08

  Material deprivation (%)b

   Quintile 1–3 52.1 49.1 53.7 0.09

   Quintile 4–5 46.6 49.2 45.1 0.08

Baseline comorbidities

  Charlson score, median (IQR)c 0 (0–2) 1 (0–3) 0 (0–1) 0.61

  Frailty index–mean (sd)d 0.2 (0.1) 0.2 (0.1) 0.1 (0.1) 0.80

  Hypertension (%) 72.6 85.6 65.1 0.49

  Atrial fibrillation (%) 7.2 8.7 6.4 0.09

  Coronary heart disease (%) 10.1 14.1 7.8 0.20

  Stroke (%) 4.2 5.3 3.5 0.09

  Congestive heart failure (%) 23.6 31.8 18.9 0.30

  Venous thromboembolism (%) 1.5 1.5 1.5 0.00

  Chronic liver disease (%) 2.4 2.8 2.2 0.04

  Chronic kidney disease (%) 5.9 10.9 3.0 0.32

  Chronic pulmonary disease (%) 36.4 38.1 35.4 0.06

  Dementia (%) 17.5 18.2 17.1 0.03

  Active malignancy (%) 13.8 12.7 14.4 0.05

  Previous hospitalizations,  
median (IQR)

1 (0–2) 1 (0–3) 1 (0–2) 0.23

Source of infection

  Pneumonia as source of  
infection (%)

44.0 41.8 45.2 0.07

  Urosepsis (%) 41.2 43.5 39.9 0.07

IQR = interquartile range, SMD = absolute standardized mean difference.
aMissing for less than 1% of patients.
bMissing for 1% of patients.
cBased on the Deyo adaptation.
dBased on the preoperative frailty index derived by McIsaac et al (37).
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Organ Support Measures and All-Cause 
Mortality

Table 3 shows the unadjusted results for all outcomes 
of interest. When compared with patients without 
a diabetes diagnosis at baseline, patients with preex-
isting diabetes were more likely to receive new renal 
replacement therapy (RR, 1.66; 95% CI, 1.60–1.73) 
and invasive mechanical ventilation (RR, 1.08; 95% 
CI, 1.06–1.10). Diabetes was not associated with an 
increased risk of all-cause mortality at either 90 (RR, 
1.00; 95% CI, 0.99–1.01) or 30 days (RR, 0.98; 95% CI, 
0.97–1.00).

Table 4 shows the adjusted estimates for all outcomes 
of interest. When compared with patients without 
a diabetes diagnosis at baseline, patients with preex-
isting diabetes were more likely to receive new renal 
replacement therapy (RR, 1.53; 95% CI, 1.46–1.60) but 
not invasive mechanical ventilation (RR, 1.03; 95% CI, 
1.00–1.05). Preexisting diabetes was associated with a 
reduction in the risk of all-cause mortality at both 90 
(RR, 0.81; 95% CI, 0.82–0.82) and 30 days (RR, 0.79; 
95% CI, 0.78–0.80).

Secondary and Sensitivity Analysis

Our main secondary analysis analyzed the potential role 
of metformin in modifying outcomes following sepsis. 
Table S3 (http://links.lww.com/CCX/B334) presents 
the baseline characteristics of patients older than 65 
years old, with preexisting diabetes and a prescription 
for an oral antidiabetic medication within 90 days of 

hospitalization. The prior use of metformin (compared 
with other oral agents; a sulfonylurea in 80% of the cases) 
was associated with a reduction in all-cause mortality 
at 90 days (odds ratio, 0.89; 95% CI, 0.80–0.99; Table 
S4, http://links.lww.com/CCX/B334). Table S5 (http://
links.lww.com/CCX/B334) presents the summary for 
the mediation analysis; 21% (95% CI, 19–28) of the as-
sociation of preexisting diabetes (compared with no 
diabetes diagnosis) with the (reduced) risk of 90-day 
mortality following sepsis in adult patients appeared to 
be mediated by metformin use.

Our results were robust to several sensitivity analy-
ses. Estimates of the association between preexisting 
diabetes and all outcomes of interest were similar 
when performing 1:1 matching to patients without a 
previous diabetes diagnosis (Tables S6 and S7, http://
links.lww.com/CCX/B334). Further, 1) restricting to 
patients with ICU admission, 2) changing the exposure 
to a three-level variable considering metabolic control 
as measured by the glycated hemoglobin, 3) restrati-
fying the comparator and exposure groups based on 
glycated hemoglobin levels, and 4) including all sepsis 
hospitalizations yielded similar crude and adjusted 
estimates to our main analysis (Tables S8–S10, http://
links.lww.com/CCX/B334). Table S11 http://links.
lww.com/CCX/B334 shows the association between 
duration from diabetes diagnosis and outcomes of in-
terest. Our estimates were robust when restricting to 
patients by source of infection; notably, preexisting di-
abetes was associated with an increased risk of receipt 
of invasive mechanical ventilation only among those 
patients with pneumonia (Table S12, http://links.lww.
com/CCX/B334).

DISCUSSION

Our study shows the impact of preexisting diabetes on 
short-term outcomes following sepsis in adult patients. 
In a large population-based cohort, we found that despite 
a higher burden of comorbid disease and frailty at base-
line, adult patients with sepsis and preexisting diabetes 
face a lower risk of all-cause mortality at 90 days when 
compared with patients with sepsis but without a diabetes 
diagnosis. Preexisting diabetes was associated with a sig-
nificantly increased risk of new renal replacement therapy.

These results highlight the complex interactions be-
tween preexisting diabetes and sepsis-associated out-
comes (19, 20). Our findings that preexisting diabetes 

TABLE 2.
Characteristics of Hospital Stay

Hospital Stay 
Characteristics

Preexisting Diabetes

Yes  
(N = 183,585)

No  
(N = 319,870)

ICU admission (%) 21.5 18.9

Multiple organ  
dysfunction  
score, mean (sd)

4.2 (3.1) 4.0 (3.2)

Septic shock (%) 4.6 4.1

Length of stay, 
d, median 
(interquartile  
range)

7 (4–14) 7 (4–14)

http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334
http://links.lww.com/CCX/B334


Observational Study

Critical Care Explorations www.ccejournal.org     7

increases the risk of renal replacement therapy receipt 
during sepsis, but not necessarily of all-cause mortality 
are consistent with current evidence; previous reports, 
although conflicting, have shown an increased risk of 
acute renal failure but not invasive mechanical ventilation 
among adult patients with sepsis and diabetes (14, 19, 22–
24). Our study adds to the current literature by providing 
population-based estimates, with additional adjustments 
for an extensive set of characteristics and comorbid con-
ditions at baseline, thus increasing our overall confidence 
in these relationships. The increased risk of renal replace-
ment therapy in patients with sepsis and diabetes—which 
appears clinically relevant and highlights the importance 
of close monitoring—might be related to the degree of 
chronic kidney disease at baseline (43). Notably, our 

results were robust when considering multiple sensitivity 
analyses including restricting to those patients who were 
admitted to the ICU. Conversely, the finding that patients 
with sepsis with or without preexisting diabetes receive in 
a similar proportion invasive mechanical ventilation may 
be explained by similar degrees of chronic pulmonary 
disease at baseline; however, the source of infection may 
further modify this association. This may also suggest that 
different pathways are at play when considering the dif-
ferent interactions between sepsis, preexisting diabetes, 
source and type of infection, and distinct end-organ dam-
age (20). Further research is needed to better understand 
such underlying mechanisms.

The finding that preexisting diabetes might be as-
sociated with a reduced risk of all-cause mortality has 

TABLE 3.
Association of Preexisting Diabetes With Outcomes of Interest in Adult Patients With 
Sepsis (Unadjusted Estimates)

Outcome of interest

Crude Absolute Risk 
Preexisting Diabetes

Crude Risk Ratio  
(95% CI)aYes (N = 183,585) No (N = 319,870)

Organ support measures

  Invasive mechanical ventilation (%) 8.2 7.6 1.08 (1.06–1.10)

  New renal replacement therapy (%) 2.4 1.4 1.66 (1.60–1.73)

30-d and 90-d outcomes

  All-cause mortality at 30 d (%) 13.9 14.1 0.98 (0.97–1.00)

  All-cause mortality at 90 d (%) 21.4 21.5 1.00 (0.99–1.01)

aBased on a modified Poisson regression model with diabetes as a binary indicator (i.e., yes vs. no).

TABLE 4.
Association of Preexisting Diabetes With Outcomes of Interest in Adult Patients With 
Sepsis (Adjusted Estimates)

Outcome of interest

Standardized Absolute Riska  
Preexisting Diabetes

Adjusted Risk Ratio 
(95% CI)Yes (N = 183,585) No (N = 319,870)

Organ support measures

  Invasive mechanical ventilation (%) 7.9 7.7 1.03 (1.00–1.05)

  New renal replacement therapy (%) 2.3 1.5 1.53 (1.46–1.60)

30-d and 90-d outcomes

  All-cause mortality at 30 d (%) 12.1 15.4 0.79 (0.78–0.80)

  All-cause mortality at 90 d (%) 18.8 23.3 0.81 (0.80–0.82)

aAdjusted for all a priori considered potential confounders including age, sex, comorbidities, and frailty.
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been reported in previous studies evaluating adult 
patients with sepsis (14, 21, 24). Our study adds to 
the current evidence through its population-based de-
sign and consideration of key subgroups of patients. 
Notably, whether this association is a fundamentally 
causal one remains unclear, as its potential under-
pinning mechanisms. Such mechanisms warrant fur-
ther study, given the 1) higher burden of comorbidity 
at baseline, and 2) association between diabetes and 
increased mortality in other settings (44). Hypothetical 
explanations for the mitigated effects on mortality may 
include: 1) closer monitoring or more aggressive treat-
ment in patients with sepsis and diabetes, 2) differen-
tial impact of sepsis on the immune, coagulation, and 
inflammation systems in patients with and without 
diabetes (45), 3) different prehospital trajectories with 
closer monitoring or associated treatments that may 
impact subsequent outcomes, and 4) residual and un-
measured confounding.

Our secondary analysis evaluating the potential 
impact of metformin may also suggest that previous 
pharmacological treatments might affect the out-
come pathway of patients with preexisting diabetes 
and sepsis. Prior studies have shown potential bene-
ficial effects of metformin on the outcomes of patients 
with sepsis (46). Our study adds to such prior evidence 
by showcasing the potential mediation by a specific 
(prior) pharmacological treatment and its role in mod-
ifying clinical outcomes of sepsis. Notwithstanding the 
potential implications, our mediation analysis should 
be taken with caution given the likely existence of 
confounding and selection bias. Overall, our study 
also highlights potential avenues for further research. 
Future studies should seek to understand the mecha-
nistic underpinnings of the presented associations, in-
cluding the role of prior medication use and glycemic 
control before and during the infection episode.

Our study has several limitations. First, both sepsis 
and diabetes were defined using administrative algo-
rithms, so misclassification is expected; however, this 
is likely nondifferential and toward the null value of 
no association (in the setting of a binary exposure) 
(47). Second, and as previously described, residual 
and unmeasured confounding are likely; however, we 
included an extensive set of potential confounders 
including baseline characteristics, comorbidity, and 
frailty indices that have been previously shown to be 
associated with sepsis-related outcomes. Notably, the 

frailty index used in our article has been validated for 
patients undergoing surgery, and largely depends on 
the burden of comorbidities; this may in turn result 
in residual confounding (37). In addition, the extent 
to which adjusted estimates should be prioritized over 
crude estimates in this setting remains unclear. For 
example, adjusting for baseline characteristics and 
comorbidities associated with diabetes may not reflect 
the reality most practitioners face when taking care of 
patients with preexisting diabetes (where this is asso-
ciated with a higher degree of, e.g., chronic kidney di-
sease). We have thus chosen to present both crude (to 
give an extent of the overall risk that can be expected 
in this population) and adjusted estimates (to further 
describe the specific role of diabetes while “control-
ling” for other comorbid and general conditions). 
Third, our analysis of organ support measures is also 
subject to misclassification and the competing event 
of all-cause in-hospital death (48, 49). Furthermore, 
our definition focused on invasive mechanical venti-
lation, and we did not consider noninvasive support 
strategies; hence, it remains possible that patients 
with diabetes have a higher degree of acute respira-
tory failure subject to noninvasive support. However, 
respiratory failure requiring invasive mechanical ven-
tilation remains arguably the most relevant for both 
practitioners and patients. Fourth, we did not cap-
ture information on the withholding of life-sustaining 
therapies, which could affect the reported estimates 
for invasive respiratory support. Fifth, we have re-
stricted our analysis to patients with sepsis-related 
hospitalization; to correctly weigh the overall burden 
of sepsis-associated outcomes in patients with dia-
betes, the potential increased risk of infection in this 
population needs to be taken into consideration (15). 
Sixth, our sepsis definition does not take into account 
the likely existence of subphenotypes (50). The degree 
to which different subphenotypes of sepsis may affect 
the relationship between preexisting diabetes and 
clinical outcomes remains unknown. Seventh, we did 
not have available data on in-hospital glycemic con-
trol and associated strategies which may also affect 
downstream clinical outcomes. Eighth, our mediation 
analysis is restricted to those patients older than 65 
years old; the extent to which our findings apply to 
younger patients remains undefined. Finally, since the 
algorithm used to capture preexisting diabetes does 
not differentiate between type 1 and type 2, differences 
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in sepsis-associated outcomes across these cannot be 
ruled out.

In conclusion, preexisting diabetes is associated 
with a lower risk of short-term all-cause mortality 
among adult patients following sepsis. Preexisting dia-
betes acts as a significant risk factor for renal complica-
tions and the deployment of renal replacement therapy 
in patients with sepsis, while diabetes does not carry 
a relevant increased risk of invasive mechanical venti-
lation. Further studies should focus on understanding 
the underpinnings of these associations to then iden-
tify potential mitigation strategies.
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