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	 Background:	 Diabetes mellitus (DM) is a critical medical problem that can make people more likely to develop infectious 
complications, even sepsis. However, the influence of DM on the outcomes of septic patients is still contro-
versial. Thus, we conducted the present meta-analysis to investigate whether DM worsens outcomes of septic 
patients.

	 Material/Methods:	 We searched studies from PubMed, Embase, and Cochrane Library databases from 1966 to July 1, 2016. The 
primary outcome we chose was 28-day or 30-day mortality or in-hospital mortality.

	 Results:	 Our meta-analysis of 10 enrolled studies performed between 2000 and 2016 shows that the mortality rate of 
septic patients with DM was slightly lower than that of non-diabetic patients (risk ratio [RR]=0.97, 95% confi-
dence interval [CI]: 0.96 to 0.98, P<0.00001). On the other hand, septic patients with DM had a shorter hospi-
tal stay (weighted mean difference (WMD)=–2.27, 95% CI: –4.11 to –0.44, P=0.01), a higher incidence rate of 
AKI (RR=1.56, 95% CI: 1.25 to 1.95, P<0.001), and a similar incidence of respiratory dysfunction (RR=0.86, 95% 
CI: 0.71 to 1.04, P=0.11) compared with those without DM.

	 Conclusions:	 The results from the meta-analysis suggest that DM does not impair the outcome of patients with sepsis, and 
the incidence of acute kidney injury increases dramatically in septic patients with DM. Due to the limitations 
of the analysis, more well-designed trials are still necessary.
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Background

All over the world, diabetes mellitus (DM) is a common met-
abolic disorder, described as a state of persistent hypergly-
cemia. It can be divided into 2 types based on the patho-
genesis. The prevalence of DM is rising both in America and 
China [1,2]. Without appropriate control of blood glucose, var-
ious complications occur in different organs and systems of 
diabetic patients [3].

Sepsis occurs along with numerous kinds of infections, compli-
cated by multi-organ dysfunction or even shock without effec-
tive treatment. The occurrence of multi-organ dysfunction or 
shock has become the most common cause of mortality and 
morbidity in intensive care units. Over the last few decades, 
hospital mortality from sepsis has ranged from 25% to 80% [4].

DM increases the risk of developing infectious complications, 
including sepsis [5]. Based on preclinical studies, DM is known 
to interact with multiple components of the innate immune 
system, and also has some inhibitory effects on the adaptive 
immune system [6,7]. Among patients with sepsis, around 20% 
have DM [8]. Although the mortality of sepsis is declining due 
to great improvements in septic treatment and nursing, sep-
sis still remains a critical problem, especially for diabetic pa-
tients. However, the influence of DM on the outcomes of sepsis 
is still controversial [9–18]. Thus, we conducted a meta-anal-
ysis to analyze all the relevant studies and explore whether 
DM worsens the outcomes of septic patients.

Material and Methods

Search strategy

We searched Medline (PubMed), Embase, and the Cochrane 
Library for articles associated with the desired context. The 
keywords we used as search terms were ‘diabetes’ or ‘diabet-
ic’ or ‘hyperglycemia’, ‘sepsis’ or ‘septic’ or ‘septicemia’ and 
‘mortality’ or ‘outcome’ or ‘death’. The detailed search strate-
gies are shown in Supplementary file: search strategy. All da-
tabases were searched for articles published from inception 
until July 1, 2016. No language restriction or publication date 
restriction was imposed for the search.

Study selection

Studies exploring the relationship between DM and outcomes 
(including mortality and complications) of patients were en-
rolled. Studies were excluded if they included pediatric patients, 
or they did not include the comparison between patients with 
DM and without DM, or they were cross-sectional or epidemi-
ologic studies. Two investigators independently reviewed the 

articles followed by face-to-face discussion on some disagree-
ments. Duplicates were removed at the beginning of review-
ing and full-text articles were selected for assessment from 
the remaining articles by screening the titles and abstract ac-
cording to the following criteria: 1. they were retrospective or 
prospective cohort studies of human subjects and the study 
population were over 15 years old; 2. the studies contained a 
group of diabetic patients with sepsis and a comparable group 
of non-diabetic patients as the control group; 3. the prima-
ry outcome of 30-day or in-hospital mortality was reported in 
both groups. After that, animal experiments, case reports, and 
cross-sectional or epidemiologic studies were excluded. The 
Newcastle-Ottawa scale was used to assess the methodolog-
ical quality of included studies [19], and if any study got 6 or 
more points of a total 9 points, we defined it as high quality.

Data extraction

Variables studied included the first author, publication year, 
the type of study, research country, the number of included 
hospitals and participants, the severity of sepsis, the type of 
DM, and outcomes using a self-designed data extraction table 
(Table 1). Primary outcome was either 28-day or 30-day mor-
tality or in-hospital mortality. Moreover, we chose 3 second-
ary outcomes: length of hospital stay, the incidence of acute 
kidney injury (AKI), and respiratory dysfunction. The primary 
and secondary outcomes were defined according to the orig-
inal author’s definition.

Statistical analysis

Review Manager Version 5.2 (Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2012) was used for statis-
tical analysis. Results are expressed by Forest plots, using rel-
ative risk (RR) with 95% confidence intervals (CI) for dichoto-
mous data and weighted mean difference (WMD) with 95% CI 
for continuous data. The statistical heterogeneity among the 
studies was calculated and assessed according to the Mantel-
Haenszel chi-square test and the I2 test. I2 <25%, 25%< I2 <50%, 
50%< I2 <75%, and I2 >75% indicated no, low, moderate, and 
high statistical heterogeneity, respectively. In addition, P-value 
<0.1 of the chi-square test was considered as a statistically sig-
nificant heterogeneity. For all analysis, random-effects model 
analysis using the Mantel-Haenszel method was used if a sig-
nificant heterogeneity was noticed. Otherwise, the fixed-effects 
model analysis using the Mantel-Haenszel method was used. 
A formal analysis of publication bias was based on a funnel 
plot, and a predefined subgroup analysis was undertaken to 
explore the effect of DM on patients with all stages of sepsis 
and patients with severe sepsis and septic shock. A p-value 
<0.05 was considered statistically significant.
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Results

Study selection

A total of 4398 records were identified according to the initial 
search strategy. From these records, 1433 duplicates were re-
moved. We eliminated 2930 records from the remaining 2965 
records by screening titles and abstracts, and full-text assess-
ment was conducted in the last 35 records. Ten studies that 

satisfied the selection criteria were chosen. The study flow 
diagram, including the reasons for exclusion of studies, is 
shown in Figure 1.

Characteristics of included studies

The characteristics of included studies are shown in Table 1. 
All the studies were published between 2000 and 2015, and a 
total of 26 3342 septic patients consisting of 63 361 diabetic 

Author Year Type of study Country Hospitals Population
Severity of 

sepsis
Type of 
diabetes

Primary 
outcome

Secondary outcomes

Length of 
hospital 

stay

Acute 
kidney 
injury

Respira-
tory 

dysfun-
ction

Moss 
[9]

2000 A prospective 
cohort study

America 4 113 Septic 
shock

Not 
mentio-
ned

In-
hospital 
mortality

No No Yes

Moutzouri 
[10]

2008 A prospective 
cohort study

Greece 1 64 Severe 
sepsis 
or septic 
shock

2 In-
hospital 
mortality

No No No

Stegenga 
[11]

2010 A retrospective 
cohort study

11 
countries

164 830 Severe 
sepsis 
or septic 
shock

Not 
mentio-
ned

mortality 
at day 28

Yes No No

Schuetz 
[12]

2011 A retrospective 
cohort study

America 2 7754 All sepsis Not 
mentio-
ned

In-
hospital 
mortality

No No No

Yang 
[13]

2011 A retrospective 
cohort study

Singapore 1 9221 All sepsis 2 In-
hospital 
mortality

Yes Yes Yes

Schuetz 
[14]

2012 A prospective 
cohort study

America 1 1849 All sepsis 1+2 In-
hospital 
mortality

No No No

Chang 
[15]

2012 A prospective 
cohort study

China, 
Taiwan

1 16497 Severe 
sepsis 
or septic 
shock

2 In-
hospital 
mortality

Yes Yes Yes

Al-Dorzi 
[16]

2012 A retrospective 
cohort study

Canada, 
USA and 
Saudi 
Arabia

28 8670 Septic 
shock

Not 
mentio-
ned

In-
hospital 
mortality

No No No

Venot 
[17]

2015 A prospective 
cohort study

France 12 1064 Severe 
sepsis 
or septic 
shock

Not 
mentio-
ned

In-
hospital 
mortality

Yes Yes No

De Miguel-
Yanes [18]

2015 A retrospective 
cohort study

Spain 95% 
hospital 
of Spain

217280 All sepsis 2 In-
hospital 
mortality

Yes No No

Table 1. Characteristics of the studies included in the meta-analysis.
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patients and 19 9981 non-diabetic patients were included. The 
sources of infection in the included studies were not limited 
to any specific organs or systems. There are 5 retrospective 
cohort studies and 5 prospective cohort studies. Six of the in-
cluded studies were multicenter trials and 6 studies only en-
rolled patients with severe sepsis or septic shock, while the 

others contained patients with sepsis of all stages. Five stud-
ies did not mention the type of DM. The level of Hgb A1c was 
only measured in 1 enrolled study [10]; however, the level of 
HgbA1c in diabetic patients was within normal limits in the 
study. All of the studies reported primary outcome, either 28- 
or 30-day mortality or in-hospital mortality, among which 4 
studies reported length of hospital stay and 3 studies report-
ed the incidence of AKI and respiratory dysfunction. In all the 
studies, preexisting DM was identified by the medical history 
of each patient, while patients without DM or with undeter-
minable DM status were considered non-diabetic. Moreover, 
the definition of sepsis was based on a known or suspected 
site of infection according to clinical assessment, plus obvi-
ous signs of systemic inflammation. If the sepsis-induced dys-
function of at least 1 organ or system occurred, we defined it 
as severe sepsis or septic shock. The Newcastle-Ottawa scale 
scores of each study included are shown in Table 2.

Primary outcome

In all these included studies, a total of 103 051 patients died 
within 28 or 30 days or before hospital discharge, among 
which were 23 968 diabetic patients and 79 083 non-diabetic 
patients. Overall mortality of all the studies was 37.8% in di-
abetic patients and 39.5% in non-diabetic patients. According 
to the Forest plot, mortality in diabetic patients was slight-
ly lower than that in non-diabetic patients (RR=0.97, 95% CI: 
0.96 to 0.98, P<0.00001), with no heterogeneity among the 
studies (I2=0%; P=0.55) (Figure 2). A fixed-effect model anal-
ysis using the Mantel-Haenszel method was used due to the 
low heterogeneity, and sensitivity analysis was not performed.

Figure 1. �Study flow diagram. A total of 10 studies were 
included in the meta-analysis.

4398 of records identified
through database searching
Medline 1588
Emnase 2804
Cochrane Library 6

4398 of records identified
1433 duplicates removed

2965 of records screened
the title and abstact

25 of full-text articles excluded:
• 10 were about hyperglycemia,
    not about diabetes mellitus
• 8 had no control group
• 5 were cross sectional or
      epidemiologic studies
• 2 included patients aged
      below 15 years old

35 of full-text articles
assessed for eligibility

10 of studies included in
the meta-analysis

2930 of records excluded

Author Year A B C D E F G H NOS Score

Moss 2000 1 1 1 1 1 1 0 1 7

Moutzouri 2008 1 1 1 1 1 1 0 1 7

Stegenga 2010 1 1 1 1 1 1 1 1 8

Schuetz 2011 1 1 1 1 0 1 0 1 6

Yang 2011 1 1 1 1 0 1 0 1 6

Schuetz 2012 1 1 1 1 0 1 0 1 6

Chang 2012 1 1 1 1 0 1 0 1 6

Al-Dorzi 2012 1 1 1 1 0 1 0 1 6

Venot 2015 1 1 1 1 2 1 0 1 8

De Miguel-Yanes 2015 1 1 1 1 0 1 0 1 6

Table 2. Newcastle-Ottawa scale (NOS) scores of the studies included in the meta-analysis.

A – Representativeness of the exposed cohort; B – selection of the non-exposed cohort; C – ascertainment of exposure; 
D – demonstration that outcome of interest was not present at start of study; E – comparability of cohorts on the basis of the design 
or analysis; F – assessment of outcome; G – was follow-up long enough for outcomes to occur?; H – adequacy of follow-up of cohorts.
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Publication bias

A funnel plot was used to assess the publication bias in the 
meta-analysis of the influence of DM on mortality of patients 
with sepsis. As can be seen from the plot, there was no evi-
dence of significant funnel plot asymmetry (Figure 3).

Subgroup analysis

To explore the effect of DM in different stages of sepsis, we 
conducted a subgroup analysis. Of the 10 studies, 6 were cat-
egorized into a group of severe sepsis or sepsis shock and the 
other 4 studies were categorized into a group of sepsis of all 
stages. In the former group, 27 238 patients were involved in, 
7424 of which were patients with DM. Based on the Forest 
plot, there were no statistical differences in mortality between 
diabetic patients and non-diabetic patients (RR=0.99, 95% CI: 
0.95 to 1.02, P=0.49), with a low heterogeneity (I2=33%, P=0.19) 

(Figure 4). On the other hand, 236 104 patients were involved 
in the latter group and there were 55 937 patients with DM 
and 180 167 patients with no DM. We found that mortality in 
diabetic patients was slightly lower than in non-diabetic pa-
tients (RR=0.97, 95% CI: 0.96 to 0.98, P<0.00001), without 
heterogeneity (I2=0%, P=0.98) (Figure 4), which is similar to 
the analysis of all studies. All analyses were based on a fixed-
effects model analysis using the Mantel-Haenszel method.

Secondary outcome

Length of hospital stay was reported in 4 studies with a to-
tal of 244 062 patients. The average length of hospital stay 
ranged from 9.1 days to 23.9 days, and the standard devia-
tion (SD) ranged from 8.5 days to 33.5 days in diabetic pa-
tients. Average length of hospital stay ranged from 12 days 
to 23.7 days, and SD ranged from 14.2 days to 45.0 days in 
non-diabetic patients. According to the Forest plot, septic pa-
tients with DM had shorter hospital stays than those without 
DM (WMD=–2.27, 95% CI: –4.11 to –0.44, P=0.01). Because 
of high heterogeneity (I2=97%; P<0.00001), a random-effects 
model analysis using the Mantel-Haenszel method was ap-
plied (Figure 5).

The incidence of AKI was reported in only 3 studies with a to-
tal of 29 455 patients. The incidence of AKI was reported for 
2936 of 7967 diabetic patients and for 5474 of 21 488 non-
diabetic patients. We found a higher incidence rate of AKI in 
diabetic patients than in non-diabetic patients (RR=1.56, 95% 
CI: 1.25 to 1.95, P<0.001). A random-effects model analysis us-
ing the Mantel-Haenszel method was used based on the high 
heterogeneity (I2=97%; P<0.00001) (Figure 6).

Figure 3. Funnel plot of the meta-analysis.
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Figure 2. �Forest plot of mortality of septic patients with DM versus those without DM. Fixed-effects model analysis using the Mantel-
Haenszel method was used for meta-analysis. Risk ratios are shown with 95% CI.
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Figure 4. �Forest plot of a subgroup analysis to explore influence of DM on mortality of patients with different stages. Fixed-effects 
model analysis using the Mantel-Haenszel method was used for meta-analysis. Risk ratios are shown with 95% CI.
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Figure 5. �Forest plot of length of hospital stay of septic patients with DM versus those without DM. Random-effects model analysis 
using the Mantel-Haenszel method was used for meta-analysis. Weighted mean differences are shown with 95% CI.
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The presence of respiratory dysfunction was reported in 3 
studies with a total of 25 840 patients. Respiratory dysfunc-
tion occurred in 3827 of 7548 diabetic patients and in 10416 
of 18292 non-diabetic patients. There was no significant dif-
ference in incidence of respiratory dysfunction between the 2 
groups (RR=0.86, 95% CI: 0.71 to 1.04, P=0.11). Due to high 
heterogeneity, random-effects model analysis using the Mantel-
Haenszel method was used (I2=81%; P=0.005) (Figure 7).

Discussion

Our study is the first meta-analysis to focus on the influence 
of DM on the outcomes of septic patients. The principle re-
sult from our analysis is that septic patients with DM do not 
have a higher mortality than those without DM. In contrast, 
DM may help patients recover from sepsis, especially from 
early-stage sepsis. In terms of secondary outcomes, septic pa-
tients with DM have shorter hospital stays and have higher 
incidence of AKI than those without DM. The incidence of re-
spiratory dysfunction in diabetic patients is similar to that of 
non-diabetic patients.[7]

We investigated the effect of DM as a protective factor on mor-
tality in patients with sepsis. Although DM increases the risk 
of infection or sepsis in most people, DM does not increase 
the risk of mortality once infection or sepsis has occurred. 
The mechanisms responsible for this result deserve to be ex-
plored further. Several studies have demonstrated that sepsis 
is associated with the activation of inflammation and coagu-
lation [20–22], and the activation of coagulation accounts for 
a large proportion of deaths. Moreover, an included study [11] 
measured several markers of coagulation and fibrinolysis to 
evaluate the influence of DM on the coagulation pathway in 
sepsis. In comparing the diabetic and non-diabetic cohorts, 
no difference was found in procoagulation markers, includ-
ing prothrombin time (PT), activated partial thromboplastin 
times (APTT), thrombin-antithrombin complexes, and D-Dimer, 
nor in anticoagulant markers, including protein S and pro-
tein C. A similar result was reported in another study [23], in 

which a cohort of diabetic patients with gram-negative sepsis 
caused by B. pseudomallei was compared with a healthy co-
hort, demonstrating that DM is associated with abnormal co-
agulation and fibrinolysis to a certain extent. However, these 
abnormalities are not remarkable compared with the larger 
abnormalities caused by sepsis. In terms of inflammation cy-
tokines, it has been reported that levels of plasma interleu-
kin-6 (IL-6) and tumor necrosis factor alpha (TNF alpha) are 
increased in patients with DM [24,25], whereas a downregu-
lation of basal cytokine production could be noticed in blood 
cells in type 2 diabetes patients. In the included study men-
tioned above [11], the plasma concentrations of IL-6 and TNF 
alpha were also measured and no differences were found be-
tween the 2 groups of patients with sepsis.

Moreover, other potential mechanisms were explored. De 
Jong[15] et al. [26] found that patients with gram-negative sep-
sis caused by B. pseudomallei have abundant plasma protease 
factor VII-activating protease (FSAP) activation, which is a plas-
ma hyaluronic acid-binding protein 2 significantly associated 
with the stage of sepsis. However, the study found that the 
existence of DM does not influence the extent of FSAP activa-
tion, which also supports our result from the analysis above.

Short-term hyperglycemia is an independent risk factor for mor-
tality in patients without a past medical history of DM [27–29]. 
The blood glucose level of patients with DM is usually higher 
than that of healthy people, which may make them better able 
to tolerate the impact of short-term hyperglycemia when sep-
sis occurs. Conversely, when non-diabetic patients with sep-
sis experience short-term hyperglycemia, circulating inflam-
mation cytokine levels increase significantly [30] and induce 
more inflammatory response, which can be lethal. Thus, sep-
tic patients with DM could have lower mortality than those 
without DM, as shown from the results above.

However, DM has negative effects on host immunity. The 
functions of leucocytes, especially polymorphonuclear leuko-
cytes (PMN), are impaired by hyperglycemia. It was report-
ed by several studies [31,32] that membrane fluidity of PMN 

Figure 7. �Forest plot of incidence of respiratory dysfunction of septic patients with DM versus those without DM. Random-effects 
model analysis using the Mantel-Haenszel method was used for meta-analysis. Risk ratios are shown with 95% CI.

Study or subgroup

Chang CW
Moss M
Yang Y

Total (95% CI)
Total events
Heterogeneity: Tau2=0.02; Chi2=10.42, df=2, (P=0.005): I2=81%
Test for overall effect: Z=1.60 (P=0.11)

3542
8

277

3827

4573
32

2943

7548

9649
38

729

10416

11924
81

6287

18292

51.2%
7.5%

41.3%

100.0%

0.96 [0.94, 0.97]
0.53 [0.28, 1.01]
0.81 [0.71, 0.93]

0.86 [0.71, 1.04]

Events Total
Diabetic group

Events Total Weight

0.5 0.7 1
Favours [experimental] Favours [control]

1.5 2

Control group
M-H, fixed, 95% CI

Risk ratio
M-H, fixed, 95% CI

Risk ratio

2012
2000
2011

Year

3552
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Wang Z. et al.: 
Diabetes mellitus in sepsis

© Med Sci Monit, 2017; 23: 3546-3555
META-ANALYSIS

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



were significantly lower in diabetic patients, resulting in the 
decrease of multiple functions, such as impaired migration, 
reduced phagocytosis, and intracellular killing capacity, as 
well as altered chemotaxis. In addition, a recent study report-
ed that patients with DM have multiple downregulated miR-
NAs involving various signaling pathways, including hemato-
poietic cell lineage, MAPK signaling pathway, and Fc gamma 
R-mediated phagocytosis [33]. The impairment of the host im-
mune system may account for the result of Venot et al. [17], 
which show higher mortality in diabetic patients. However, 
the overall result of the meta-analysis indicated that DM may 
be slightly more beneficial than harmful for septic patients. 
Because the variables were not matched well in these includ-
ed studies, more well-designed trials are needed.

There are few studies on the influence of DM on secondary 
outcomes of patients with sepsis, but we still found some 
useful information. In terms of AKI, all the 3 studies includ-
ed reported a higher incidence in diabetic patients, and 1 of 
them excluded patients with chronic kidney disease and pre-
renal AKI. DM can impair renal function by destroying kidney 
tissue, and hyperglycemia due to DM severely increased ac-
tivation of NF-kappa B and oxidant levels with the stages of 
sepsis, according to an animal experiment, in addition to the 
injury [34], which leads to a much higher incidence of AKI in 
diabetic patients. On the contrary, no significant difference was 
found in the incidence of respiratory dysfunction between the 
2 groups from the analysis of these 3 studies. Nevertheless, 2 
of the 3 studies showed a protective function of DM, which is 
similar to the result of another meta-analysis [35]. The mech-
anism by which DM affects respiratory function has not been 
reported. We found no study specifically focussed on length 
of hospital stay. The Forest plot shows that half of the studies 
found no difference between patients with and without DM, 
and the other half reported a shorter length of stay. However, 
because DM can impair wound healing, the result is not very 
convincing and may be due to excellent care management, 

considering the importance of care management for patient 
outcomes [36]. Nevertheless, the included studies did not 
mention this aspect.

The main limitation of our meta-analysis is that only 1 study 
totally matched diabetic patients to patients without DM on 
confounding factors such as age, sex, sources of infection, 
and APACHE II scores. Lack of matching for these confound-
ing factors may have influenced the results to a certain de-
gree. Only 4 studies reporting the level of blood glucose and 
no study reported the severity of DM, which may have gener-
ated bias in the analysis. In addition, the treatment of all the 
patients in the meta-analysis was decided by different physi-
cians. Our results may have been influenced by the long study 
period (16 years) and the changes in diagnostic capabilities 
and treatment modalities over that time period. Two trials 
enrolled in the meta-analysis did not mention the age of pa-
tients, but were retained because the heterogeneity of prima-
ry outcome was kept low and we had no specific evidence to 
exclude them. In contrast, Esper et al. [37] also did not men-
tion the age of patients, but including it in our meta-analysis 
would have increased the heterogeneity; therefore, we decid-
ed to exclude it after discussion.

Conclusions

Our meta-analysis shows that DM is not associated with ad-
verse outcomes of patients with sepsis, and it may even be 
beneficial. This analysis summarizes the available data and 
provides insight into the association. However, more well-de-
signed studies will help clarify the relationship further, consid-
ering the limitations of the meta-analysis. In addition, septic 
patients with DM have a higher incidence of AKI and a short-
er hospital stay. Thus, when sepsis occurs in diabetic patients, 
renal function should be assessed promptly.
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