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Abstract
Objective  Although diabetes patients have a higher propensity to develop infection and sepsis, it is still controversial whether 
the mortality of sepsis patients is affected by diabetes (DM). We conducted a systematic review and meta-analysis to deter-
mine the relationship between diabetes and mortality in patients with sepsis.
Methods  We comprehensively searched for relevant studies in PubMed, MEDLINE, EMBASE, and the Cochrane Library 
database from January 2000 to December 2021. Two reviewers independently selected studies, extracted data, and assessed 
quality. We used random-effects modeling to calculate the summary of risk ratios and confidence interval (CI) of mortality. 
Study quality was assessed using NOS score, and publication bias was assessed using Egger’s statistic.
Results  A total of 23 studies were included in the analyses, comprising 14,521,791 septic patients, including 2,866,429 
DM patients. We stratified the in-hospital mortality data by duration for 30 days, 90 day, and mixed days. Meta-analysis 
of 23 studies showed slightly increased overall mortality among the patients with DM (RR, 1.12; 95% CI 1.00 − 1.25; I2 
96.1%; p = 0.000) by pooling of all data in the random effects model. Subgroup analysis did not demonstrate a statistically 
significant increase either in 30-day mortality (RR, 1.07; 95% CI 0.97–1.18; I2 0.0%; p 0.963), 90-day mortality (RR, 1.00; 
95% CI 0.95–1.07; I2 0.0%; p = 0.735), or mixed-day mortality (RR, 1.16; CI 0.98–1.37; I2 97.9%; p = 0.000). The quality 
of the included studies was good, and the median NOS score was 7.1 (range, 6–9).
Conclusions  This systematic review and meta-analysis of studies suggests that DM does slightly increase sepsis overall 
mortality, however with statistical heterogeneity. Due to the limitations of the analysis, more well-designed clinical studies 
are still necessary in future.
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Introduction

Sepsis is a life-threatening organ dysfunction caused by over 
activation of inflammatory reaction and coagulation dysfunc-
tion response to severe systemic infection. It is a major medi-
cal problem worldwide and accounts for 20% of the global 
death [1]. Diabetes mellitus (DM) is a common and increasing 
comorbidity in sepsis patients. The incidence rate of DM is 

rising and has become a major public health problem world-
wide [2], especially in low and middle-income countries. Sepsis 
is closely related to DM; in fact, Sepsis 2.0 used hyperglycemia 
(blood glucose > 7.7 mmol/L) in patients without a previous 
history of diabetes as one of the diagnostic criteria for sepsis, 
which shows the close relationship between sepsis and DM.

It is clear that DM patients are more prone to infection and 
sepsis, but the impact of diabetes on the outcome of sepsis is 
still uncertain. Two meta-analyses about this topic showed that 
presence of diabetes does not increase the risk of mortality in 
patients with sepsis [3, 4]. Neither of these two meta-analyses 
included Zoppini’s study [5], a large-size observational study, 
which proved that diabetic patients had a twofold increased 
mortality for sepsis compared to non-diabetic patients. Due to 
the increase of relevant research in recent years, we searched 
studies January 2000 to December 2021 and conducted a sys-
tematic review and meta-analysis on this topic to determine the 
association between preexisting DM and mortality in humans 
with sepsis.
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Materials and methods

This study protocol was implemented following the Meta-
analysis of Preferred Reporting Items for Systematic 
Reviews (PRISMA) [6].

Data sources and search strategy

We searched PubMed, MEDLINE, EMBASE, and the 
Cochrane Library database from January 2000 to December 
2021. We use medical heading terms and cross search the 
following three categories for term search: (1) diabetes (“dia-
betes” or “diabetic”); (2) disease (“sepsis,” “septic shock,” 
“septic,” or “septicemia”); and (3) others related (“outcome,” 
“intensive care unit,” “ICU,” “critically ill patients,” “death”, 
“mortality,” or “prognosis”). We limited the types of stud-
ies to “human” and “English” languages. Only studies that 
reported a comparison between diabetes patients and non-
diabetes patients, whose ages were over 18 years of age, were 
included. All retrieved studies and recent bibliographies were 
screened to further expand the search scope.

Inclusion criteria

Two researchers independently read the titles and abstracts 
to determine eligible study. Studies were included if (1) the 
study population came from a well-established retrospective, 
prospective cohort, or case–control study, including a group 
of diabetic patients and a group of non-diabetic patients with 
sepsis; (2) the 28-day mortality, 90-day mortality, or hospi-
talization mortality was clearly reported on both group or 
provided sufficient data to calculate these parameters.

Data extraction and methodological quality

Two researchers (XY and QD) independently collected 
data from the included studies into a data standardized col-
lection form. The following elements were extracted from 
the included studies: first author, year of publication, study 
design, study country, severity of sepsis, and number of dia-
betes patients and non-diabetic patients. The primary out-
come was 28-, 30-, or 90-day mortality and mixed-day mor-
tality. We equated 28-day mortality with 30-day mortality. 
The day of mortality not specified was assigned to mixed-
day mortality. Newcastle–Ottawa Scale tool (available at: 
http://​www.​ohri.​ca/​progr​ams/​clini​cal_​epide​miolo​gy/​oxford.​
asp) was used to evaluate the quality of the included studies.

Data synthesis and statistical methods

Stata Software (version 12.0 Stata Corporation, College Station, 
TX, USA) was used for statistical analysis. The dichotomous 

data of relative risk (RR) with 95% confidence intervals (CI) 
for in-hospital mortality in each study were pooled using the 
random-effects model; results were expressed by Forest plots.

In order to evaluate the effect of DM on the mortality of 
sepsis patients, we performed a subgroup analysis to evaluate 
the influence of DM. The first subgroup was sixteen studies 
that reported the day of mortality not specified. The second 
subgroup was studies that reported 30-day mortality, and the 
third subgroup was studies that reported 90-day mortality. Pub-
lication bias was assess by Egger’s test [7]. A RR > 1 suggested 
that DM was associated with an increased risk of mortality.

We proposed to use Cochran’s Q test and reported as I2 to 
assess and calculate statistical heterogeneity between stud-
ies. Sensitivity analysis was used to determine the robust-
ness of the data and the impact of individual research on the 
summary effect. In addition, p value < 0.05 was considered 
statistically significant.

Results

Search results

According to the initial search strategy, 5856 unique records 
were yielded, 1908 duplicates were removed, and 3796 
records were eliminated by screening titles and abstracts. 
Full-text assessment was conducted in the last 156 articles. 
Of these articles, 23 studies satisfied the inclusion criteria. 
The study selection process was shown in Fig. 1.

Characteristics of included studies

All the studies were published from 2000 to 2021. There 
were a total of 14,521,791 septic patients, including 
2,866,429 DM patients and 11,646,162 non-DM patients, 
ages ranging from 45 to 80 years and mostly older than 60 
in these studies. Except for 5 prospective studies, the others 
are retrospective studies. The effect estimations of relative 
ratios (RRs) of mortality for diabetic patients were provided 
in each study. What should be mentioned is that four cohorts 
were included in Russell’s study [8]. Four studies included 
six cohorts provided relative ratios (RRs) of 30-day mortal-
ity for diabetic patients. Four studies provided relative ratios 
(RRs) of 90-day mortality for diabetic patients. Of these 
studies, 8 studies enrolled patients with severe sepsis, septic 
shock patients, or ICU septic patients [8–15], 2 contained 
non-ICU patients [16, 17], and the left 14 studies enrolled 
sepsis patients with all stages. The sources of infection in 
the included studies were not limited to any specific systems 
or organs. The characteristics of each included study were 
presented in Table 1.
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The quality of each included study, assessed by the New-
castle–Ottawa Scale tool, was good. The NOSs was dis-
played in Table S1 (median score, 7.1; range from 6 to 9).

Quantitative data synthesis

The mortality RR was estimated using a random-effect 
model meta-analysis, and heterogeneity was evaluated 
by I2. Meta-analysis of 23 studies showed that DM did 
slightly increase sepsis overall mortality (RR, 1.12; 95% 
CI 1.00–1.25; I2 96.1%; p = 0.000) according to the ran-
dom effects model, however with large heterogeneity. Sub-
group analysis did not demonstrate a statistically signifi-
cant increase either in 30-day mortality (RR, 1.07; 95% CI 
0.97–1.18; I2 0.0%; p = 0.963), 90-day mortality (RR, 1.00; 
95% CI 0.95–1.07; I2 0.0%; p = 0.735), or mixed-day mor-
tality (RR, 1.16; 95% CI 0.98–1.37; I2 97.9%; p = 0.000).

Inter‑study variability

The pooled relative risk of DM related overall mortal-
ity in patients with sepsis was 1.12 (95% CI 1.00–1.25; 
I2 = 96.1%; p = 0.000). In subgroup analysis, no evidence 
of heterogeneity was observed in the analysis of 30-day 

mortality group (I2 = 0.0%; p = 0.963) and 90-day mortality 
group (I2 = 0.0%; p = 0.735), but a high degree of heteroge-
neity was observed among mixed-day mortality subgroup 
(I2 = 97.9%; p = 0.000) and among all the included studies 
(Fig. 2).

The leave-one-out sensitivity analyses by removing one 
study per time were used to test the replicability of the 
results. Two studies [14, 17] were identified as the source 
of heterogeneity (Fig. 3), and after the exclusion of these 
two studies, de Miguel-Yanes’ [17] (I2 = 96.7%; p = 0.000) 
or Shah’s study [14] (I2 = 96.0%; p = 0.000), only a little 
heterogeneity was removed in the mixed-day mortality sub-
group. The omission of de Miguel-Yanes’ [17] or Shah’s 
study [14] seems to be not drastically changed in this 
analysis, and the RRs were in the range from 1.13 (95% CI 
0.99–1.29) to 1.08 (95% CI 0.98–1.18). All the results were 
of marginal significance (Fig. 4).

Publication bias

We used Egger’s regression asymmetry test to access the 
publication bias of included literatures, and no evidence 
of publication bias could be found (t = 1.64, p = 0.113) 
(Fig. 4).

Fig. 1   Study flow diagram in 
this meta-analysis Literature records 

 Identified from MEDLINE, 

EMBASE and Cochrane 

through database searching 

(n=5856)

duplicates removed

(n=1908)

Records screened the title and 

abstract
Records excluded with title 

and abstract (n=3796)

Full-text articles assessed for 

eligibility 

(n=156)

133 Full-text articles excluded, 

with the follow reasons

54 Did not report outcomes of 

interest

29 Duplicated patients

23 reviews, editorials or 

comments

10 Published at abstracted only

7 Did not have non-beta-

blockers control

(n=133)

Studies included in quantitative 

synthesis (meta-analysis)
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Discussion

DM is the main comorbidity of sepsis because of its high preva-
lence; about 10–30% of septic patients have diabetes. However, 
the effect of diabetes on outcome of sepsis is not completely 
clear. There are two meta-analyses about this topic: one showed 
that the mortality rate of septic patients with DM was slightly 
lower than that of non-diabetic patients [30]; the other (included 
four loosely defined sepsis studies) demonstrated that there 
were no significant differences in the risk of mortality [6]. In a 
recent meta-analysis, it was reported that DM was associated 
with mortality, severe COVID-19, ARDS, and disease progres-
sion in patients with COVID-19 [30].

In these 23 included studies, the results by Zoppini et al. 
[7] and Bertoni [18] found increased mortality rate related 
to sepsis in diabetic compared to the general population, 
whereas others [9–13, 16, 19–29] failed to demonstrate 
such association, and four studies [8, 14, 17, 31] reported 
decreased mortality rates among DM patients during sep-
sis. The following factors have been proposed to explain 
this heterogeneity in mortality: different study populations 
(including different the duration, severity of diabetes, lack of 
stratification into type 1 and type 2 diabetes, different adjust-
ments for comorbidities, sepsis etiology, stages, and sever-
ity) [32], anti-diabetic medication to control blood glucose, 
degree of glycemic control of during hospital, medical treat-
ment, and nursing. The main finding of our meta-analysis is 
that pre-existing DM slightly significantly increased overall 
mortality in sepsis patients, but not 30-day mortality, 90-day, 
or mixed-day mortality in sepsis patients. From this meta-
analysis, it is certain that presence of DM is not associated 
with reduced risk of mortality in sepsis patients.

To clarify the risk of DM in sepsis mortality, we need 
to clarify blood glucose level control and the risk of sepsis 
mortality. As an important cellular energy, blood glucose 
must be controlled at a specific level and kept relatively sta-
ble. Whether it is low or high, it is not conducive to cell 
survival. It has been demonstrated that hyperglycemia, irre-
spective of the DM status, is a major independent risk factor 
for in-hospital sepsis mortality [33], while hypoglycemia 
is associated with an increased risk of mortality too [15]. 
Dose–response analysis showed that the effect of blood glu-
cose on mortality may differ in patients with DM versus 
without [34]. Critically ill patients undergoing intensive 
glucose control showed significantly reduced all-cause mor-
tality, length of ICU stay, and incidence of acquired infec-
tion and sepsis compared to the same parameters in patients 
treated with the usual care strategy, while the intensive 
glucose control strategy was associated with higher occur-
rence of severe hypoglycemic events [35]. Septic patients 
with higher acute glycemic variability had significantly 
increased mortality risk compared to those with lower acute 
glycemic variability; higher acute glycemic variability may Ta

bl
e 

1  
(c

on
tin

ue
d)

A
ut

ho
rs

Ye
ar

C
ou

nt
ry

St
ud

y 
de

si
gn

Pa
rti

ci
pa

nt
M

or
ta

lit
y 

di
ab

et
es

 v
s. 

no
 d

ia
be

te
s

M
ou

tz
ou

ri 
[2

9]
20

08
G

re
ec

e
A

 p
ro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
64

 se
ve

re
 se

ps
is

 o
r s

ep
tic

 sh
oc

k;
 m

ea
n 

ag
e 

of
 

ar
ou

nd
 6

0 
ye

ar
s;

 a
ro

un
d 

50
%

 w
er

e 
fe

m
al

es
; 

m
aj

or
ity

 w
ith

 u
rin

ar
y 

tra
ct

 in
fe

ct
io

ns
; m

os
t 

ha
d 

se
ve

re
 se

ps
is

/s
ep

tic
 sh

oc
k

64
 (D

M
: 2

4;
 n

on
-D

M
: 4

0)

In
-h

os
pi

ta
l m

or
ta

lit
y1

.3
0 

(0
.5

6–
3.

03
)

Sh
ah

 [1
2]

20
03

C
an

ad
a

Re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
 o

n 
po

pu
la

tio
n-

ba
se

d 
ad

m
in

ist
ra

tiv
e 

da
ta

51
3,

74
9 

di
ab

et
ic

 in
di

vi
du

al
s (

m
at

ch
ed

 to
 a

n 
eq

ua
l n

um
be

r o
f n

on
-d

ia
be

tic
s)

H
ig

he
r g

lo
ba

l i
nf

ec
tio

n-
re

la
te

d 
m

or
ta

lit
y 

in
 

di
ab

et
ic

 p
at

ie
nt

s (
in

cl
ud

in
g 

ho
m

e 
an

d 
ho

sp
i-

ta
l) 

ris
k 

ra
tio

 u
p 

to
 1

.9
2 

(1
.7

9–
2.

05
)

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 te

rm
 o

f i
nf

ec
tio

n-
re

la
te

d 
ho

sp
ita

l m
or

ta
lit

y 
ris

k 
ra

tio
 u

p 
to

 0
.9

4 
(0

.8
7–

1.
01

)
B

er
to

ni
et

 [3
0]

20
01

U
SA

Re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
 o

n 
a 

na
tio

na
l 

re
gi

str
y

92
08

 in
di

vi
du

al
s

(5
33

 w
ith

 d
ia

be
te

s)
H

ig
he

r i
nf

ec
tio

n-
re

la
te

d 
m

or
ta

lit
y 

in
 d

ia
be

tic
 

pa
tie

nt
s w

ith
 c

ar
di

ov
as

cu
la

r d
is

ea
se

 R
R

 3
.0

 
(1

.8
–5

.0
)

M
os

s [
31

]
20

00
U

SA
A

 p
ro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
11

3 
se

pt
ic

 sh
oc

k
0.

67
 (0

.3
6–

1.
23

)

133



International Journal of Diabetes in Developing Countries (January–March 2024) 44(1):128–136	

1 3

be a predictor of mortality risk in patients with sepsis [36]. 
From these studies, we can draw conclusion that DM should 
impair the outcome of patients with sepsis; at least, it will 
not improve the prognosis of sepsis.

In this meta-analysis, the included studies showed a low-
risk publication bias. Therefore, the heterogeneity was not con-
sidered statistically. The heterogeneity may be derived from 
methodological and clinical causes, such as the sample sizes, 
ethnically diverse, anti-diabetic medications, different DM 
type, different glucose control level, different adjustments for 
comorbidities, sepsis etiology, and disease severity. The rela-
tion between DM and risk mortality is weak across all three 
subgroups. Due to the weak nature of the association between 
DM and mortality, drawing conclusions about the practical 
significance of this relationship should be treated with caution.

This meta-analysis has several strengths. First, the risk 
publication bias assessment by using Egger’s test showed 

a low risk of bias among the included studies. All the stud-
ies fulfilled the diagnostic criterion proposed by sepsis, and 
most of the included studies were of high NOS score, which 
demonstrated the relatively high quality of the included stud-
ies. Second, we pooled data for the primary outcome by 
the random effects model, which allows for more accurate 
representation of data that arise from complicated multilevel 
study designs. Finally, the outcome of the sensitivity analy-
sis showed that this result slightly varies.

Study limitations

There are also several limitations in our study which are similar 
to other meta-analysis. First, there is a marked heterogeneity 
noted in study design, size, duration, the mean ages, sever-
ity, and DM type of the patients among the included studies. 

Fig. 2   Meta-analysis of the overall pooled odds ratios (ORs) of studies investigating the mortality of patients with diabetes mellitus in sepsis. 
Forest plot showing lightly increased risk of sepsis-related overall mortality according to the random effects model
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Furthermore, most used a retrospective design, and the effect 
estimate was adjusted for different level confounders. For exam-
ple, the diagnosis of diabetes in most of the studies depended 
on the medical history record and did not provide severity, 
duration, and anti-diabetic medication of diabetics. These het-
erogeneity might have an effect on the outcome. Second, our 
analysis only includes the articles published in full text and in 
English, so the publication bias is unavoidable. Finally, all these 
limitations of the available data make it hard to reach definitive 
conclusions of the effect of DM on mortality of sepsis.

Conclusions

Despite diabetes does not increase risk of 28-day mortality 
or 90-day mortality, it slightly does increase risk of sepsis-
related overall mortality. Diabetes is not associated with ben-
eficial survival outcomes in patients with sepsis. Considering 

the limitations of the meta-analysis, more high-quality origi-
nal designed studies are required to confirm the association. 
Future research should aim to gain a deeper understanding of 
the relationship between DM and mortality using more reliable 
measures and accurate prospective research to elicit the truth.
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