
2481

Abstract. – OBJECTIVE: Burns are one of the 
most commonly occurring soft tissue injuries 
worldwide. It has been reported that burns are 
associated with a higher prevalence of complica-
tions, mortality, and hospitalization-related out-
comes in patients with coexisting diabetes melli-
tus. Moreover, the morbidity and mortality related 
outcomes associated with diabetes in patients 
with burns. However, since then, several studies 
reporting the prognostic role of diabetes in pa-
tients with burns have been published. Therefore, 
in this present study, we attempt to develop a cur-
rent state of evidence evaluating the prognostic 
influence of diabetes mellitus on infectious com-
plications, duration of hospital stay and mortal-
ity-related outcomes in patients with burns. The 
aim of the study is to determine the overall effect 
of diabetes mellitus on infectious complications, 
duration of hospital stay and mortality-related 
outcomes in patients with burns.

MATERIALS AND METHODS: We performed 
a systematic search of the academic literature 
in four academic databases including EMBASE, 
CENTRAL, Scopus, and MEDLINE according to 
PRISMA guidelines. A random effect meta-anal-
ysis was carried out to evaluate the pooled ef-
fect size associated with diabetes mellitus on 
the outcome of infectious complications, dura-
tion of hospital stay and mortality in patients 
with burns.

RESULTS: From a total of 1,397 studies, 13 eli-
gible studies with 16,538 patients (3415F, 8361M) 
with burns were included in the analysis. Among 
these patients, 1702 patients had diabetes, and 
14,836 patients were reported to be non-dia-
betic. A random effect meta-analysis revealed 
small-to-large size positive effect of diabetes 
on the infectious outcome (Hedge’s g: 0.2, 95% 
CI: -0.03 to 0.44), overall mortality (0.16, -0.06 to 
0.39), and duration of hospital stay (0.98, 0.50 to 
1.45) in patients with burns.

CONCLUSIONS: The present systematic re-
view and meta-analysis provides evidence re-
garding the high morbidity and mortality related 

outcomes for diabetic patients with burns. The 
present study confirms the findings of a previ-
ously published systematic review suggesting 
diabetes to be an important and independent 
risk factor delineating the prognostic outcome 
of burns.

Key Words: 
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Introduction

Burns are one of the most common types of soft 
tissue injuries in the world1. Burns occur primarily 
on the skin as a result of excess heat, radiation, elec-
tricity, chemicals, or radioactivity2,3. According to 
the World Health Organization (WHO), burns are 
a global health concern that accounts for almost 
300,000 deaths worldwide3, and have a significant  
impact on the Disability Adjusted Life Years espe-
cially in the middle- and low-income countries3,4. 
The pathophysiological mechanisms of burns can 
include the development of local responses which 
comprises zones of coagulation, stasis, or hyper-
emia5. In severe cases (with more than 30% body 
surface area impacted), a burn can result in system-
ic changes that eventually may lead to cardiovas-
cular, metabolic, respiratory, and immunological 
changes5,6. Statistics from the recent 2016 Global 
Burden of Disease Studies suggest that although 
the incidence of burns has been decreasing with 
the development of medical infrastructure, the rel-
ative mortality, on the contrary, has remained con-
stant during the last three decades7,8.

The prognostic outcome of burns has been re-
ported to be dependent upon a range of variables, 
with co-existing medical conditions considered to 
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be the most important9-11. Diabetes mellitus, one 
of the most highly prevalent metabolic disorders 
in the world, affecting 8.5% of population12,13, 
has a profound impact on the prognostic out-
come during recovery from burns7,14-17. Studies7,18 
have suggested several multifactorial underlying 
mechanisms for the observed negative effect of 
diabetes mellitus on the prognostic outcome of 
burns7,18. Greenhalgh et al19 reported that diabetes 
mellitus can influence the healing outcome and 
eventually predispose a patient towards worsened 
morbidity and mortality related outcomes due to 
a range of hematological, neurological, metabol-
ic, and cellular factors. For example, micro- and 
macro-vascular changes caused by atherosclerotic 
plaques in diabetes mellitus patients can impair 
healing by creating oxygen insufficiency due to 
partial or complete vascular occlusion19,20. Guth-
rie and Guthrie21 suggested that vascular conse-
quences of diabetes mellitus can also lead to neu-
ropathic changes, primarily due to glycosylation 
of the vessels that supply the neural pathways. 
Similarly, a higher predisposition to renal insuffi-
ciency in diabetes mellitus patients was suggested 
as another important factor that can lead to im-
paired healing, primarily because of the changes 
in protein metabolism22,23. Furthermore, due to 
poor glycemic control in patients with diabetes, 
and impaired functioning of leukocytes, the dia-
betic patients are highly susceptible to a range of 
infectious diseases19,24. 

Numerous reports25,26 show acute stress-re-
lated changes in the glycemic levels in patients 
with burns. As was suggested by some studies, 
elevated blood glucose in patients with diabetes 
could potentially worsen the prognostic outcomes 
by promoting higher infection rates and mortali-
ty25,27. Despite having such a widespread influence 
on prognostic outcomes in patients with burns, 
a consensus regarding the influence of diabetes 
mellitus on morbidity- and mortality- related fac-
tors is still lacking. 

To date, only one systematic review and me-
ta-analysis has reported the prognostic impact 
of diabetes mellitus on morbidity- and mortal-
ity- related outcomes in burn patients7. This re-
view showed a high relative risk ratio of infec-
tious outcomes, mortality, and the duration of 
hospitalization for diabetic patients with burns. 
However, since this initial publication, several 
high-quality retrospective studies that evaluated 
the prognostic influence of diabetes on infectious 
outcomes, mortality, and duration of hospital-
ization in diabetic patients with burns have been 

published14,16,17,28,29. The main goal of the present 
review and meta-analysis is to update the current 
state of evidence regarding the prognostic influ-
ence of diabetes mellitus in patients with burns, 
and to evaluate the influence of diabetes on infec-
tious outcomes, overall mortality, and duration of 
hospitalization in patients with burns. These find-
ings would further assist clinicians in developing 
best practice guidelines for burn management in 
patients with diabetes mellitus.

Material and Methods

A systematic review and meta-analysis were 
performed based on the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines30. 

Data Search Strategy
The literature search was performed in four 

scientific databases (EMBASE, MEDLINE, 
CENTRAL, and Scopus) from inception until 
October 2020. A combination of the following 
MeSH keywords “Burns”, “Diabetes”, “Mortali-
ty”, “Death rate”, “Case fatality rate”, “Mortality 
rate”, “Infections”, and “Hospital stay”, were used 
for the search across the academic databases. The 
bibliography section of the included studies was 
manually searched to identify further relevant 
studies. The inclusion criteria were as follows: a) 
Studies evaluated diabetic and non-diabetic pa-
tients with burns. b) Studies had to be performed 
in the human population. c) Studies evaluated 
mortality rates, infectious rates, and duration of 
hospital stays in diabetic and non-diabetic pa-
tients with burns. d) Studies reported the out-
comes of mortality and hospitalization with the 
adjusted hazard ratio. e) Studies that were either 
randomized-controlled trials, quasi-randomized 
controlled trials, controlled-clinical trials, ob-
servational studies, prospective studies, or retro-
spective trials. f) Studies that were published in 
peer-reviewed scientific journals, or conferences. 
g) English language studies.  

The screening of the studies was independently 
performed by two reviewers. Cases of disagree-
ments were resolved by discussion with a third 
independent reviewer. Following data from the 
included studies were extracted: author informa-
tion, descriptive data, sample distribution, infec-
tious outcomes, mortality outcomes and duration 
of hospital stay. In cases of unavailable quantita-
tive data, attempts were made to contact the re-
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spective corresponding authors of the publication 
to gain access to the data.

Quality Assessment
The appraisal of the risk of bias of the includ-

ed studies was done by ROBINS-I, Cochrane 
risk of bias assessment tool for non-randomized 
controlled trials31. The ROBINS-I tool considers 
inadequate randomization, selective reporting, 
concealed allocation, classification, and missing 
data as major threats for instigating bias. The ap-
praisal of methodological quality was done inde-
pendently by two reviewers. Here as well, in case 
of disagreements between the two reviewers a 
third reviewer intervened to arbitrate.

Data Analysis
We carried out a meta-analysis of the includ-

ed studies by using Comprehensive Meta-analy-
sis software version 2.032. The within group me-
ta-analysis was performed based on a random 
effects model33.  We evaluated the pooled weighted 
effect size from the included studies. Weighted ef-
fect size of <0.2 was considered as a small effect; 
0.2-0.8 as a medium effect; >0.8 was considered 
as a large effect. I2 statistics was used to assess 
the heterogeneity among the studies. I2 statistics 
of 0-25% was considered indicative of negligible 
heterogeneity, 25%-75% -of moderate heterogene-
ity and ≥75% were considered to be of substantial 
heterogeneity33. We distributed the data and per-
formed analysis for the overall mortality, infectious 
outcomes, and duration of hospital stay. Rate ratio, 
95% confidence intervals, level of significance and 
heterogeneity have been reported. Publication bias 
was assessed using Duval and Tweedy’s trim and 
fill procedure34. This method gives a nuanced per-
spective on the overall effect, and whether it would 
be affected by removal of the apparent bias. The 
analysis is characterized by imputation of studies 
from either side of the plotted graph to identify po-
tential unbiased effects. The alpha level of signifi-
cance was set at 95%.

Results

A systematic search of five databases resulted 
in a total of 1,370 studies. Additional 27 studies 
were identified after screening of the bibliography 
section of the manuscripts (Figure 1). Finally, a 
total of 13 studies that met the inclusion criteria 
were included in this review.  Only two of the in-
cluded manuscripts were prospective cohort stud-

ies10,35. The rest 11 included studies were retro-
spective cohort studies14-17,28,29,36-40. We extracted 
and summarized the data of the included studies 
in details in Table II.  

Participant Information 
A total of 16538 patients with heart failure were 

included in the 13 studies, among them 3415 fe-
males and 8361 males. The gender distribution 
was not reported by one study39, and one study 
did not report gender distribution for the non-di-
abetes group35. In the subgroup distribution for 
the patients with/without diabetes, a total of 1702 
patients were reported to have diabetes, whereas 
14836 patients did not have diabetes. From the 
studies that reported the gender distribution, a 
total of 532 diabetic females and 1040 diabetic 
males were reported, whereas 2883 females and 
7321 males were reported to not be suffering from 
diabetes. The average age of the subsample with/
without diabetes was 57.6 ± 2.6, and 38.9 ± 5.5 
years, respectively. 

Publication Bias
The Duval and Tweedy’s trim and fill method 

were used to identify any missing studies accord-
ing to the random effect model on both sides of 
the funnel plot. The overall random effect models 
determined the point estimates and the 95% con-
fidence intervals for all the combined studies as 
0.19 (0.03 to 0.35). While using the trim and fill 
method, we identified five studies that were miss-
ing on the left side of the funnel plot. The trim 
and fill method reported the imputed estimate to 
be 0.08 (-0.08 to 0.25) The publication bias is re-
ported in Figure 2.

Quality Assessment for Non-Randomized 
Controlled Trials

We analyzed the risk of bias in the methodolo-
gy of the include non-randomized controlled tri-
als using the ROBINS-I tool. The results are sum-
marized in Table I. The overall risk was found to 
be low in the included studies. We observed that 
the methodological risk of bias was highest for 
the selection of reported results and measurement 
of the outcome. The overall risk of bias is also 
shown in Figure 3.

Meta-Analysis Report

Infectious outcome
The overall infection rates were reported by 

11 studies10,14-17,29,35-39. A positive small effect size 
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Figure 2. Illustrates the publication bias by Duval & Tweedy’s trim and fill method.

Figure 1. Illustrating the PRISMA flowchart.
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was reported to be 0.2 (95% CI: -0.03 to 0.44, 
p=0.09) (Figure 4), with moderate heterogeneity 
(I2: 67.8%).

Mortality outcome
The overall mortality outcome was reported by 

11 studies14,15,17,28,29,35-40. A small positive pooled 

Legends: M: Male, F: Female, M: Mean, S.D: Standard deviation.

Study Country Study 
design

Sample size 
(female, male)

Overall age:
(M ± S.D) years

Infectious
Complications (n)

Mortality
(n)

Duration 
of hospital stay (n)

Vadala 
et al17

(2020)

India Retrospective 
cohort study

Diabetes: 
18 (9F, 9M)
Non-diabetes: 
76 (24F, 52M)

Diabetes: 58.2
Non-diabetes: 36.3

Diabetes: 12
Non-diabetes: 47

Diabetes: 8
Non-diabetes: 
27

Diabetes: 12.6
Non-diabetes: 16.2

Mai et al16

(2020)
Australia Retrospective 

cohort study
Diabetes: 
169 (50F, 119M)
Non-diabetes:
1932 
(538F, 1394M) 

Diabetes: 58.4 ± 
15.5
Non-diabetes: 
36.8 ± 16.4

Diabetes: 31 ± 18.3
Non-diabetes: 179 ± 
9.1

Diabetes: -
Non-diabetes: -

Diabetes: 10.3 ± 10
Non-diabetes: 6.1 ± 6.4

Diab et al29

(2020)
Australia Retrospective 

cohort study
Diabetes: 129
(20F, 109M)
Non-diabetes: 
668 (244F, 424M) 

Diabetes: 60.5 ± 
12.8
Non-diabetes: 
39.7 ± 17.5

Diabetes: 123
Non-diabetes: 663

Diabetes: 1
Non-diabetes: 
1

Diabetes: 7 ± 19.2
Non-diabetes: 0.8 ± 4.3

Dolp et al14

(2019)
Canada Retrospective 

cohort study
Diabetes: 
76 (25F, 51M)
Non-diabetes:
1186 (336F, 850M) 

Diabetes: 59.8 ± 
16.8
Non-diabetes: 
44.8 ± 17.3

Diabetes: 35
Non-diabetes: 348

Diabetes: 5
Non-diabetes: 
39

Diabetes: -
Non-diabetes: -

Knowlin et
al15 (2018)

USA Retrospective 
cohort study

Diabetes: 655
(223F, 432M)
Non-diabetes:
4884 
(1296F, 3588M)

Diabetes: 56.7
Non-diabetes: 39.9

Diabetes: 273
Non-diabetes: 1621

Diabetes: 106
Non-diabetes: 
678

Diabetes: -
Non-diabetes: -

Low et al36

(2017)
Singapore Retrospective 

cohort study
Diabetes: 
53 (25F, 28M)
Non-diabetes: 
533 (202F, 331M)

Diabetes: 61 ± 
12.7
Non-diabetes: 
40 ± 16.2

Diabetes: 39
Non-diabetes: 234

Diabetes: 2
Non-diabetes: 
15

Diabetes: 15
Non-diabetes: 9

Kimball 
et al35

(2013)

USA Retrospective 
cohort study

Diabetes: 
43 (8F, 35M)
Non-diabetes: 
164 (45F, 119M)

Diabetes: 54.6 ± 
13.7
Non-diabetes: 
43.7 ± 18.9

Diabetes: 2
Non-diabetes: 3

Diabetes: 1
Non-diabetes: 
1 

Diabetes: 14.1 ± 10
Non-diabetes: 9.8 ± 9.3

Dahagam 
et al28

 (2011)

USA Retrospective 
cohort study

Diabetes: 
57 (16F, 41M)
Non-diabetes: 
405 (69F, 336M)

Diabetes: 57
Non-diabetes: 43 

Diabetes: -
Non-diabetes: -

Diabetes: 12
Non-diabetes:
53

Diabetes: 12 
Non-diabetes: 9

Schwartz
et al37

(2011)

USA Prospective
cohort study

Diabetes: 
24 (5F, 19M) 
Non-diabetes: 
16 (6F, 10M) 

Diabetes: -57 ± 26
Non-diabetes: 47 
± 22

Diabetes: 5
Non-diabetes: 15

Diabetes: -
Non-diabetes: -

Diabetes: 22.9
Non-diabetes: 17.2

Maghsoudi et 
al34 (2008) Iran Prospective

cohort study
Diabetes: 
94 (56F, 38M)
Non-diabetes:
2968 

Diabetes: 53.4 ± 
16.3
Non-diabetes: 
36 ± 13.4

Diabetes: 14
Non-diabetes: 482

Diabetes: 8
Non-diabetes:
729

Diabetes: 13 ± 8
Non-diabetes: 
13.8 ± 13.5

Shalom et 
al39 (2005)

USA Retrospective
cohort study

Diabetes: 
73 (28F, 45M)
Non-diabetes: 150 
(54F, 96M)

Diabetes: 60.6 ± 
1.8
N o n - d i a b e t e s : 
32.7 ± 1.8

Diabetes: -
Non-diabetes: -

Diabetes: 10
Non-diabetes: 
4

Diabetes: 17.1 ± 2
Non-diabetes: 8.8 ± 0.9

Memmel 
et al38

(2004)

USA Retrospective 
cohort study

Diabetes: 130
N o n - d i a b e t e s : 
1664

Diabetes: 54 ± 13
Non-diabetes: 
27 ± 20

Diabetes: 130
Non-diabetes: 1126

Diabetes: 4
Non-diabetes:
27

Diabetes: 12.5
Non-diabetes: 9.5

McCamp-
bell et al37 

(2002)

USA Retrospective 
cohort study

Diabetes: 
181 (67F, 114M)
Non-diabetes: 
190 (69F, 121M)

Diabetes: -
Non-diabetes: -

Diabetes: 81
Non-diabetes: 58

Diabetes: 38
Non-diabetes: 
42

Diabetes: 23.2 ± 12.4
Non-diabetes: 
12.2 ± 26.5

Table I. Details of the included studies.
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Discussion

The present systematic review and meta-anal-
ysis provide a comprehensive state of evidence 
regarding the prognostic influence of diabetes 
mellitus in patients with burns. We observed a 
high overall detrimental effect of diabetes on in-
fectious and mortality-related outcomes, and du-
ration of hospitalization in burn patients.

The management of burns is one of the most 
challenging aspects for clinicians because of co-

effect size of Hedge’s g: 0.16 (95% CI: -0.06 to 
0.39, p=0.15) was reported (Figure 5), with negli-
gible heterogeneity (I2: 19.7%).

Duration of hospital stay
The duration of hospital stay was evaluated in 

11 studies14,15. The pooled outcomes suggest an in-
creased positive large effect of diabetes on the du-
ration of hospital stay for burn patients 0.98 (95% 
CI: 0.50 to 1.45, p<0.01) (Figure 6), with moderate 
heterogeneity (I2: 77%). 

Figure 4. Illustrates the forest plot for studies evaluating the infection rate in diabetic and non-diabetic patients with burns. 
The weighted effect size is presented as black boxes whereas 95% confidence intervals are presented as whiskers. A negative 
effect size represents a higher infectious outcome in diabetic patients with burns, whereas the positive effect size represents a 
higher infectious outcome in non-diabetic patients with burns.

Figure 3. Illustrates the risk of bias according to the Cochrane risk of bias assessment for the non-randomized controlled trials.
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Study
Confounding 
bias

Selection
bias

Deviation
from 
intended
intervention

Missing
data

Measurement 
in outcome

Selection
of reported
result

Classification 
of 
intervention

Vadala et al17 
(2020) + + + + + + +

Diab et al29

 (2020) + + + + + + +

Mai et al16 

(2020) + + + + + ? +

Dolp et al14

(2019) + + + + + ? +
Knowlin 
et al15

(2018) + + + + ? ? +

Low et al36

 (2017) + + + + + + +

Kimball 
et al35 (2013) + + + + + + +

Dahagam 
et al28 (2011) + + + + + + +
Schwartz 
et al10

(2011) + + + + ? ? +

Maghsoudi 
et al34 (2008) + + + + + + +

Shalom et al39

(2005) + + + + + + +

Memmel 
et al38 (2004) + + + + ? - +

McCampbell 
et al37 (2002) + + + + ? - +

Table II. Illustrates risk of bias within studies according to ROBINS-I scale.

existing morbidities, atypical pathophysiological 
mechanisms, and manifestations41,42. The pres-
ence of comorbidities, such as diabetes mellitus, 
adds to the difficulty for clinicians to delineate 
a prognostic course for a burn survivor, thereby 
largely increasing a chance of potential morbid-
ity- and mortality- related outcomes43,44. The lit-
erature45-47 has recognized the rising prevalence 
of diabetes mellitus in patients with burns. More-
over, studies have hypothesized that stress-re-
lated changes in glucose levels following a burn 
may aggravate the symptomatic manifestations 
of diabetes. Mecott et al48 for instance, suggested 
that factors, such as facilitated gluconeogenesis, 
glycogenesis and insulin resistance play a criti-

cal role in worsening the prognostic outcomes 
in patients with diabetes. The authors noted that 
an increase in the levels of glucocorticoids and/
or catecholamines due to prolonged activation of 
the hypothalamus-pituitary-adrenal axis during 
the acute phase of burn could be the main reason 
for hyperglycemia. Moreover, burn patients also 
exhibit resistance to insulin, primarily because 
of impaired insulin pathway signaling, catabolic 
response, up-regulation of the renin-angiotensin 
system and down-regulation of the Glucose trans-
porter type 449-51, respectively. These higher levels 
of glucose have eventually been associated with 
the suppression of interleukin factors 2, 6, 1052, 
and impaired activity of neutrophils53,54, ultimate-
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ly increasing the incidences of infection-led mor-
bidity and mortality. 

In our present review, we analyzed a range 
of studies that reported a predominant influence 
of diabetes on infectious outcomes in patients 
with burns. Dolp et al14, for instance, evaluated 
the overall burn wound infectious outcomes in 
a Canadian cohort of 1262 diabetic/non-diabetic 
patients, and reported a significant (p<0.01) in-
crease in the wound-related infections for diabet-

ic patients (46.1%) as compared to non-diabetic 
patients (29.3%). The authors also reported that 
in addition to wound-related infections, higher 
blood glucose levels also led to increased inci-
dences of urinary tract infection and septicemia. 
Similarly, Low et al36 reported that in a cohort of 
586 patients, the diabetic group (73.6%) had sig-
nificantly higher infection- related outcomes as 
compared to the non-diabetic group (44.1%). By 
using a multivariate logistic regression model, 

Figure 6. Illustrates the forest plot for studies evaluating the duration of hospital stay rate in diabetic and non-diabetic pa-
tients with burns. The effect size is presented as black boxes whereas 95% confidence intervals are presented as whiskers. A 
negative effect size represents an increase in the duration of hospital stay in diabetic patients with burns, whereas the positive 
effect size represents an increase in the duration of hospital stay in non-diabetic patients with burns

Figure 5. Illustrates the forest plot for studies evaluating the mortality rate in diabetic and non-diabetic patients with burns. 
The effect size is presented as black boxes whereas 95% confidence intervals are presented as whiskers. A negative effect 
size represents a higher mortality outcome in diabetic patients with burns, whereas the positive effect size represents a higher 
mortality outcome in non-diabetic patients with burns.



Diabetes mellitus on mortality and infection outcomes in burn patients

2489

authors further reported that a higher incidence 
of infectious outcomes closely correlated with 
higher rates of hospital readmissions and a lon-
ger duration of hospital stays. While diabetic 
burn patients stayed in the hospital for an aver-
age of 9 to 29 days, an average hospital stay of   
non-diabetic patients was 4 to 14 days. Mai et 
al16 reported similar increase in infectious out-
comes and duration of hospitalization in diabet-
ic patients with burns. Interestingly, the authors 
found a significant (p<0.04) correlation of higher 
levels of infection with an increased incidence of 
blood transfusion. This increased incidence was 
further associated with a longer duration of hos-
pital stays for diabetic patients (10.3 ± 10 days) as 
compared to non-diabetic burn patients (6.1 ± 6.4 
days). In agreement with these observations, the 
present meta-analysis, also reports an increased 
incidence of infections in diabetic patients with 
burns (Hedge’s g: 0.2, 95% CI: -0.03 to 0.44). 
Moreover, we also report a large effect increase 
in the duration of hospitalization (0.98, 0.50 to 
1.45) in diabetic patients with burns as compared 
to non-diabetic burn patients.

We also attempted to evaluate the overall 
mortality associated with diabetes mellitus in 
patients with burns. The majority of studies, 
included in our systematic review, did not re-
port a significant influence of diabetes mellitus 
on the mortality-related outcomes in patients 
with burns14,37. Diab et al29 reported no signif-
icant (p=0.19) difference in terms of mortality 
between the diabetic (0.8%) and non-diabetic 
(0.1%) patients with burns. Similarly, Knowl-
in et al15 also did not report any difference be-
tween the diabetic and the non-diabetic burn 
patients during 30 days and 60 days follow-ups. 
However, the authors emphasized that while 
mortality in acute phases of burns is widely as-
sociated with infectious outcomes, early surgi-
cal intervention by the means of grafting could 
have reduced the incidence of early-onset sep-
ticemias and other infectious diseases, thereby 
preventing overall mortality. This hypothesis 
is supported by existing literature, as burn pa-
tients with diabetes usually undergo more sur-
geries as compared to non-diabetic patients16,17. 
Alternatively, as suggested by Dolp et al14, it is 
also possible that patients with severe diabetes 
usually do not survive burn-related injuries. 
Therefore, only patients with mild-to-moderate 
cases of diabetes are recruited in the studies. 
As a result, a significant difference in mortality 
is not observed55. From the studies included in 

our review, only one study reported a signifi-
cant influence of diabetes on mortality-related 
outcomes in burn patients40. Based on the exist-
ing evidence, the present meta-analysis report-
ed positive but small overall influence of dia-
betes mellitus on mortality-related outcomes 
(0.16, -0.06 to 0.39) in patients with burns. 

Our study has a few limitations. First and fore-
most, this systematic review and meta-analysis 
was not registered in a review repository such 
as PROSPERO. Although the lack of registra-
tion might raise concerns regarding the validity 
of this present review56, we would like to assure 
our readers that the attempts were made to reg-
ister our review at these repositories, but because 
of the current pandemic crisis, the waiting time 
at the PROSPERO repository was >1 year. Sec-
ondly, we were not able to evaluate the short- and 
long-term prognostic influence of diabetes melli-
tus on morbidity- and mortality- related outcomes 
in patients with burns. Moi et al57 stressed upon 
the high risks of mortality-related outcomes es-
pecially during the long-term periods. Therefore, 
we would strongly recommend future studies to 
address these limitations by conducting more 
high-quality longitudinal studies and sharing their 
descriptive data in open access data repositories. 
The evaluation of these outcomes would be highly 
beneficial for medical practitioners, and will allow 
predicting the prognostic outcomes, such as infec-
tious outcomes, mortality, and duration of hospi-
talization in diabetic patients with burns.

Conclusions

In this systematic review and meta-analysis 
we provide confirmatory evidence of the detri-
mental prognostic influence of diabetes mellitus 
in patients with burns. We also provide statistical 
evidence regarding the high infectious outcomes, 
overall mortality, and especially the duration of 
hospitalization associated with diabetes in patients 
with burns. These findings can assist in further 
raising clinical awareness of the widespread prev-
alence of diabetes mellitus in patients with burns. 
These findings will help clinicians to develop best 
practice guidelines for determining the appropriate 
treatment approach for management of burns in 
patients with diabetes mellitus.

Acknowledgements
Not applicable.



B. Yang, Y.-Q. Cai, X.-D. Wang

2490

Funding
No funding was received.

Availability of data and materials
The datasets used and/or analyzed during the current study 
are available from the corresponding author on reasonable 
request.

Authors’ contributions
BY conceived and designed the study. YC and XW collect-
ed the data and performed the literature search. BY was in-
volved in the writing of the manuscript. All authors have 
read and approved the final manuscript.

Ethical approval 
Not applicable.

Patients consent
Not applicable.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Peck M, Molnar J, Swart D. A global plan for burn 
prevention and care. Bull World Health Organ 
2009; 87: 802-803.

  2)	 Brodzka W, Thornhill HL, Howard S. Burns: cau-
ses and risk factors. Arch Phys Med Rehabil 
1985; 66: 746-752.

  3)	 Burns n.d. https://www.who.int/news-room/fact-she-
ets/detail/burns (accessed November 30, 2020).

  4)	 Peck MD. Epidemiology of burns throughout the 
world. Part I: Distribution and risk factors. Burns 
2011; 37: 1087-100. 

  5)	 Hettiaratchy S, Dziewulski P. ABC of burns. Intro-
duction. BMJ 2004; 328: 1366-1368.

  6)	 Hettiaratchy S, Dziewulski P. ABC of burns: pa-
thophysiology and types of burns. BMJ 2004; 328: 
1427-1429. 

  7)	 Sayampanathan AA. Systematic review of com-
plications and outcomes of diabetic patients with 
burn trauma. Burns 2016; 42: 1644-1651. 

  8)	 GBD 2016 Disease and Injury Incidence and Pre-
valence Collaborators. Global, regional, and na-
tional incidence, prevalence, and years lived with 
disability for 328 diseases and injuries for 195 

countries, 1990-2016: a systematic analysis for 
the Global Burden of Disease Study 2016. Lancet 
2017; 390: 1211-1259. 

  9)	 Posluszny JA Jr, Gamelli RL. Anemia of thermal 
injury: combined acute blood loss anemia and 
anemia of critical illness. J Burn Care Res 2010; 
31: 229-242. 

10)	 Schwartz SB, Rothrock M, Barron-Vaya Y, Bendell 
C, Kamat A, Midgett M, Abshire J, Biebighauser 
K, Staiano-Coico LF, Yurt RW. Impact of diabetes 
on burn injury: preliminary results from prospecti-
ve study. J Burn Care Res 2011; 32: 435-441. 

11)	 Wisely JA, Wilson E, Duncan RT, Tarrier N. 
Pre-existing psychiatric disorders, psychological 
reactions to stress and the recovery of burn survi-
vors. Burns 2010; 36: 183-191. 

12)	 Du YT, Rayner CK, Jones KL, Talley NJ, Horowitz 
M. Gastrointestinal Symptoms in Diabetes: Preva-
lence, Assessment, Pathogenesis, and Manage-
ment. Diabetes Care 2018; 41: 627-637.

13)	 Saeedi P, Petersohn I, Salpea P, Malanda B, Ka-
ruranga S, Unwin N, Colagiuri S, Guariguata L, 
Motala AA, Ogurtsova K, Shaw JE, Bright D, Wil-
liams R; IDF Diabetes Atlas Committee. Global 
and regional diabetes prevalence estimates for 
2019 and projections for 2030 and 2045: Results 
from the International Diabetes Federation Dia-
betes Atlas, 9th edition. Diabetes Res Clin Pract 
2019; 157: 107843. 

14)	 Dolp R, Rehou S, Pinto R, Trister R, Jeschke MG. 
The effect of diabetes on burn patients: a retro-
spective cohort study. Crit Care 2019; 23: 28. 

15)	 Knowlin L, Strassle PD, Williams FN, Thompson 
R, Jones S, Weber DJ, van Duin D, Cairns BA, 
Charles A. Burn injury outcomes in patients with 
pre-existing diabetic mellitus: Risk of hospital-ac-
quired infections and inpatient mortality. Burns 
2018; 44: 272-279. 

16)	 Mai L, Spilsbury K, Edgar DW, Berghuber A, 
Wood FM. Increased risk of blood transfusion in 
patients with diabetes mellitus sustaining non-
major burn injury. Burns 2020; 46: 888-896. 

17)	 Vadala R, Princess I, Ebenezer R, Ramakrish-
nan N, Krishnan G. Burns in Diabetes Mellitus 
Patients among Indian Population: Does it Dif-
fer from the Rest? Indian J Crit Care Med 2020; 
24: 11-16. 

18)	 Gore DC, Chinkes D, Heggers J, Herndon DN, 
Wolf SE, Desai M. Association of hyperglyce-
mia with increased mortality after severe burn 
injury. J Trauma 2001; 51: 540-544. https://doi.
org/10.1097/00005373-200109000-00021.

19)	 Greenhalgh DG. Wound healing and diabetes 
mellitus. Clin Plast Surg 2003; 30: 37-45. 

20)	 Katakami N. Mechanism of Development of Athe-
rosclerosis and Cardiovascular Disease in Diabe-
tes Mellitus. J Atheroscler Thromb 2018; 25: 27-39.

21)	 Guthrie RA, Guthrie DW. Pathophysiology of dia-
betes mellitus. Crit Care Nurs Q 2004; 27: 113-125. 

22)	 Shen Y, Cai R, Sun J, Dong X, Huang R, Tian S, 
Wang S. Diabetes mellitus as a risk factor for inci-



Diabetes mellitus on mortality and infection outcomes in burn patients

2491

dent chronic kidney disease and end-stage renal 
disease in women compared with men: a syste-
matic review and meta-analysis. Endocrine 2017; 
55: 66-76. 

23)	 Wu PP, Kor CT, Hsieh MC, Hsieh YP. Association 
between End-Stage Renal Disease and Incident 
Diabetes Mellitus-A Nationwide Population-Ba-
sed Cohort Study. J Clin Med 2018; 7: 343. 

24)	 Delamaire M, Maugendre D, Moreno M, Le Goff 
MC, Allannic H, Genetet B. Impaired leucocyte 
functions in diabetic patients. Diabet Med 1997; 
14: 29-34. 

25)	 Ray JJ, Meizoso JP, Allen CJ, Teisch LF, Yang 
EY, Foong HY, Mundra LS, Namias N, Pizano LR, 
Schulman CI. Admission Hyperglycemia Predicts 
Infectious Complications After Burns. J Burn Care 
Res 2017; 38: 85-89. 

26)	 Stanojcic M, Abdullahi A, Rehou S, Parousis A, Je-
schke MG. Pathophysiological Response to Burn 
Injury in Adults. Ann Surg 2018; 267: 576-584. 

27)	 Jeschke MG, Abdullahi A, Burnett M, Rehou S, 
Stanojcic M. Glucose Control in Severely Burned 
Patients Using Metformin: An Interim Safety and 
Efficacy Analysis of a Phase II Randomized Con-
trolled Trial. Ann Surg 2016;264:518–27. https://
doi.org/10.1097/SLA.0000000000001845.

28)	 Dahagam CK, Mora A, Wolf SE, Wade CE. Diabe-
tes does not influence selected clinical outcomes 
in critically ill burn patients. J Burn Care Res 2011; 
32: 256-262. https://doi.org/10.1097/BCR.0b013e-
31820aaf68.

29)	 Diab J, O’Hara J, Pye M, Parker C, Maitz PKM, Is-
sler-Fisher A. Foot burns: A comparative analysis 
of diabetic and non-diabetic patients. Burns 2020. 

30)	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRI-
SMA Group. Preferred reporting items for syste-
matic reviews and meta-analyses: the PRISMA 
statement. PLoS Med 2009; 6: e1000097. 

31)	 Sterne JA, Hernán MA, Reeves BC, Savović J, 
Berkman ND, Viswanathan M, Henry D, Altman 
DG, Ansari MT, Boutron I, Carpenter JR, Chan 
AW, Churchill R, Deeks JJ, Hróbjartsson A, Kir-
kham J, Jüni P, Loke YK, Pigott TD, Ramsay 
CR, Regidor D, Rothstein HR, Sandhu L, San-
taguida PL, Schünemann HJ, Shea B, Shrier I, 
Tugwell P, Turner L, Valentine JC, Waddington 
H, Waters E, Wells GA, Whiting PF, Higgins JP. 
ROBINS-I: a tool for assessing risk of bias in 
non-randomised studies of interventions. BMJ 
2016 ;355: i4919. 

32)	 Bax L, Yu L-M, Ikeda N, Moons KGM. A systema-
tic comparison of software dedicated to meta-a-
nalysis of causal studies. BMC Med Res Metho-
dol 2007; 7: 40. 

33)	 Higgins JPT, Thompson SG, Spiegelhalter DJ. A 
re-evaluation of random-effects meta-analysis. J 
R Stat Soc Ser A Stat Soc 2009; 172: 137-159. 

34)	 Duval S, & Tweedie R (2000). Trim and fill: a sim-
ple funnel‐plot–based method of testing and adju-
sting for publication bias in meta‐analysis. Biome-
trics 2000; 56: 455-463.

35)	 Maghsoudi H, Aghamohammadzadeh N, Khalili 
N. Burns in diabetic patients. Int J Diabetes Dev 
Ctries 2008; 28: 19-25.

36)	 Kimball Z, Patil S, Mansour H, Marano MA, Petro-
ne SJ, Chamberlain RS. Clinical outcomes of iso-
lated lower extremity or foot burns in diabetic ver-
sus non-diabetic patients: a 10-year retrospective 
analysis. Burns 2013; 39: 279-284. 

37)	 Low ZK, Ng WY, Fook-Chong S, Tan BK, Chong 
SJ, Hwee J, Tay SM. Comparison of clinical outco-
mes in diabetic and non-diabetic burns patients in 
a national burns referral centre in southeast Asia: 
A 3-year retrospective review. Burns 2017; 43: 
436-444. 

38)	 McCampbell B, Wasif N, Rabbitts A, Staiano-Coi-
co L, Yurt RW, Schwartz S. Diabetes and burns: 
retrospective cohort study. J Burn Care Rehabil 
2002; 23: 157-166. 

39)	 Memmel H, Kowal-Vern A, Latenser BA. In-
fections in diabetic burn patients. Diabetes Care 
2004; 27: 229-233.

40)	 Shalom A, Friedman T, Wong L. Burns and diabe-
tes. Ann Burns Fire Disasters 2005; 18: 31-33.

41)	 Kaddoura I, Abu-Sittah G, Ibrahim A, Karama-
noukian R, Papazian N. Burn injury: review of pa-
thophysiology and therapeutic modalities in major 
burns. Ann Burns Fire Disasters 2017; 30: 95-102.

42)	 Wang Y, Beekman J, Hew J, Jackson S, Issler-Fi-
sher AC, Parungao R, Lajevardi SS, Li Z, Maitz 
PKM. Burn injury: Challenges and advances in 
burn wound healing, infection, pain and scarring. 
Adv Drug Deliv Rev 2018; 123: 3-17. 

43)	 Berlanga-Acosta J, Mendoza-Marí Y, Rodríg-
uez-Rodríguez N, García del Barco Herrera D, 
García-Ojalvo A, Fernández-Mayola M, et al. Burn 
injury insulin resistance and central nervous sy-
stem complications: a review. Burns Open 2020; 4: 
41-52. https://doi.org/10.1016/j.burnso.2020.02.001

44)	 Ladhani HA, Yowler CJ, Claridge JA. Burn 
Wound Colonization, Infection, and Sepsis. 
Surg Infect (Larchmt). 2020 Oct 20. doi: 10.1089/
sur.2020.346. Epub ahead of print. 

45)	 Akhtar M, Ahmad I, Khan A, Khurram M, Haq A, 
Basari R. Burn injury associated with comorbi-
dities: Impact on the outcome. Indian Journal of 
Burns 2014; 22: 51-55.

46)	 Salehi SH, As’adi K, Abbaszadeh-Kasbi A. The 
prevalence of comorbidities among acute burn 
patients. Trauma 2019; 21: 134-140. 

47)	 Shepard E. The Impact of Diabetes Mellitus on 
Burns and Standard Burn Treatments. Senior Ho-
nors Theses 2018.

48)	 Mecott GA, Al-Mousawi AM, Gauglitz GG, Her-
ndon DN, Jeschke MG. The role of hyperglyce-
mia in burned patients: evidence-based studies. 
Shock 2010; 33: 5-13. 

49)	 Gauglitz GG, Halder S, Boehning DF, Kulp GA, 
Herndon DN, Barral JM, Jeschke MG. Post-burn 
hepatic insulin resistance is associated with en-
doplasmic reticulum (ER) stress. Shock 2010; 33: 
299-305. 



B. Yang, Y.-Q. Cai, X.-D. Wang

2492

50)	 Jadhav SS, Sharma N, Meeks CJ, Mordwinkin 
NM, Espinoza TB, Roda NR, DiZerega GS, Hill 
CK, Louie SG, Rodgers KE. Effects of combined 
radiation and burn injury on the renin-angiotensin 
system. Wound Repair Regen 2013; 21: 131-140. 

51)	 Padfield KE, Astrakas LG, Zhang Q, Gopalan S, 
Dai G, Mindrinos MN, Tompkins RG, Rahme LG, 
Tzika AA. Burn injury causes mitochondrial dy-
sfunction in skeletal muscle. Proc Natl Acad Sci U 
S A 2005; 102: 5368-5373. 

52)	 Reinhold D, Ansorge S, Schleicher ED. Elevated 
glucose levels stimulate transforming growth fac-
tor-beta 1 (TGF-beta 1), suppress interleukin IL-2, 
IL-6 and IL-10 production and DNA synthesis in 
peripheral blood mononuclear cells. Horm Metab 
Res 1996; 28: 267-270. 

53)	 Jafar N, Edriss H, Nugent K. The Effect of Short-
Term Hyperglycemia on the Innate Immune Sy-
stem. Am J Med Sci 2016; 351: 201-211. 

54)	 Xiu F, Stanojcic M, Diao L, Jeschke MG. Stress 
hyperglycemia, insulin treatment, and innate im-
mune cells. Int J Endocrinol 2014; 2014: 486403. 

55)	 Roi LD, Flora JD Jr, Davis TM, Wolfe RA. Two new 
burn severity indices. J Trauma 1983; 23: 1023-
1029.

56)	 PLoS Medicine Editors. Best practice in systema-
tic reviews: the importance of protocols and regi-
stration. PLoS Med 2011; 8: e1001009. 

57)	 Moi AL, Haugsmyr E, Heisterkamp H. Long-Term 
Study Of Health And Quality Of Life After Burn 
Injury. Ann Burns Fire Disasters 2016; 29: 295-
299.


