
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Li et al. Annals of Intensive Care           (2025) 15:51 
https://doi.org/10.1186/s13613-025-01471-x

Annals of Intensive Care

†Xi Li and Jiahao Meng contributed equally to this work.

*Correspondence:
Shuguang Gao
gaoshuguang0341@csu.edu.cn
1Department of Orthopaedics, Xiangya Hospital, Central South University, 
Changsha 410008, Hunan, China

2Department of Critical Care Medicine, Affiliated Chenzhou Hospital (The 
first People’s Hospital of Chenzhou), University of South China, Chenzhou, 
China
3Key Laboratory of Aging-related Bone and Joint Diseases Prevention 
and Treatment, Xiangya Hospital, Ministry of Education, Central South 
University, Changsha, China
4National Clinical Research Center of Geriatric Disorders, Xiangya Hospital, 
Central South University, Changsha, Hunan, China

Abstract
Background  The optimal glucose control strategy for intensive care unit (ICU) patients with diabetes remains a topic 
of debate. This study aimed to compare the effects of strict glucose control, intermediate strict glucose control, liberal 
glucose control, and very liberal glucose control on reducing all-cause mortality in ICU patients with diabetes through 
a network meta-analysis.

Methods  We conducted a search in PubMed, Cochrane Library, Embase, and Web of Science for randomized 
controlled trials comparing different glucose control strategies in ICU patients with diabetes up to October 1, 2024. 
The primary outcome was all-cause 90-day mortality. The Risk of Bias 2 tool was used to assess bias in the included 
studies. Data analysis was performed using Stata (version 17).

Results  A total of 12 randomized controlled trials involving 5,297 participants were included in the final analysis. The 
results showed that there was no statistically significant difference between the four glucose control strategies in 
reducing all-cause 90-day mortality. The surface under the cumulative ranking (SUCRA), which was used to rank the 
strategies and display the probability of each strategy being ranked first, showed the following: intermediate strict 
control (SUCRA 88%), liberal control (SUCRA 55.3%), very liberal control (SUCRA 40.3%), and strict control (SUCRA 
16.5%). The cumulative probability of each strategy’s rank in reducing all-cause mortality, from best to worst, showed 
that the most likely ranking was intermediate strict control, liberal control, very liberal control, and strict control.

Conclusions  In ICU patients with diabetes, no significant statistical difference was observed among the four glucose 
control strategies in reducing all-cause 90-day mortality. The SUCRA rankings are hypothesis-generating and require 
further validation. Therefore, the current evidence is insufficient to definitively conclude that any one strategy is 
superior to the others in reducing mortality.
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Introduction
Diabetes is a chronic metabolic disorder characterized 
by elevated blood glucose levels, and it is relatively com-
mon among patients in the intensive care unit (ICU) [1, 
2]. ICU patients with diabetes face a higher risk of com-
plications, including prolonged hospital stays, increased 
mortality, and poorer recovery outcomes [3]. The pres-
ence of diabetes complicates the management of criti-
cally ill patients, as stress-induced hyperglycemia is 
often observed in these patients, further worsening their 
prognosis [3, 4]. This is particularly true for patients with 
undiagnosed diabetes or poorly controlled pre-existing 
diabetes, as stress-induced hyperglycemia is associated 
with worse outcomes, including higher infection rates, 
organ dysfunction, and extended ICU stays [5, 6].

Recent studies have emphasized the importance of 
blood glucose management in ICU patients with diabe-
tes to mitigate these risks [3, 7]. However, the optimal 
glucose control strategy for critically ill patients remains 
controversial [5]. Intensive glucose control (i.e., main-
taining lower blood glucose levels) has been proposed 
to reduce morbidity and mortality, but concerns over 
the risk of hypoglycemia have sparked debates about its 
safety and effectiveness [5, 6]. On the other hand, more 
relaxed glucose control strategies, which aim to avoid 
hypoglycemia, may carry a lower risk but have also been 
associated with worse outcomes in some settings [5, 6].

Recently, a traditional meta-analysis by Defante et al. 
[8] showed that in ICU patients with diabetes, there was 
no statistically significant difference in all-cause mor-
tality between strict blood glucose control and liberal 
blood glucose control. However, many studies have also 
compared intermediate strict glucose control and liberal 
glucose control, which have not yet been included in rel-
evant meta-analyses [9–13].

Thus, we conducted the first network meta-analysis 
to comprehensively compare the effects of strict glucose 
control, intermediate strict glucose control, liberal glu-
cose control and very liberal glucose control on all-cause 
mortality in ICU patients with diabetes.

Methods
This study was conducted in accordance with the 2020 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines [14]. After con-
ducting a preliminary analysis to determine the feasibil-
ity of the topic, we registered the protocol on PROSPERO 
(CRD42024629407).

Search strategy and selection criteria
A comprehensive literature search was conducted on 
October 1, 2024, across several databases, including 
PubMed, Cochrane Library, Embase, and Web of Sci-
ence, using both MeSH terms and broad keywords such 

as “glucose,” “strict,” “intensive,” “tight,” “loose,” “diabe-
tes,” “intensive care unit,” and “critically ill.” The detailed 
search strategy was uploaded in the attachment (Sup-
plement, Search strategy). Additionally, we manually 
searched the reference lists of relevant review articles. 
After completing the initial search, we repeated the pro-
cess to include the most recent studies.

The retrieved literature was imported into EndNote 
X9. After removing duplicate references, two review-
ers independently screened the studies based on titles 
and abstracts. Full-text articles of potentially eligible 
studies were then assessed according to the inclusion 
and exclusion criteria. Based on the PICO framework, 
the inclusion criteria were: ICU patients with diabetes, 
interventions involving different glucose control strate-
gies (strict glucose control, intermediate strict control, 
liberal control and very liberal control), and the primary 
outcome of all-cause 90-day mortality. Exclusion crite-
ria included non-randomized controlled trials and stud-
ies for which the full text could not be retrieved. Any 
discrepancies were resolved through discussion with a 
senior author.

Data extraction
The two reviewers independently extracted key data from 
the selected studies using a standardized data collection 
form. This form captured essential details, including the 
first author, year of publication, country, sample size, tar-
get glucose levels for each group, type of diabetes, defi-
nition of hypoglycemia, follow-up duration, and primary 
outcomes. If any data were missing, efforts were made to 
contact the corresponding authors for clarification. The 
primary outcome of interest was all-cause 90-day mortal-
ity. Any discrepancies were resolved through discussion 
between the reviewers.

Risk of bias assessment
The potential risk of bias in the randomized controlled 
trials (RCTs) was evaluated using the Rob2 tool, a revised 
assessment method that focuses on five core domains 
[15]: the randomization process, deviations from the 
intended interventions, missing outcome data, outcome 
measurement, and selection of the reported result. Each 
domain was carefully examined for possible bias and 
rated as low risk, some concerns, or high risk based on 
the available evidence and specific study circumstances. 
The overall bias for each study was then determined by 
synthesizing the evaluations across all five domains, lead-
ing to a classification of low risk, some concerns, or high 
risk.

Intervention
According to the classification by Wiener et al. [16], tight 
control is divided into two categories based on target 
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glucose levels: very tight control (< 110 mg/dL) and mod-
erately tight control (< 150  mg/dL). Additionally, con-
sidering the classification of loose control from other 
studies[11–13,17−25], it can be broadly divided into two 
categories: loose control (< 180  mg/dL) and very loose 
control (< 252 mg/dL). Therefore, in our study, we catego-
rized blood glucose control strategies into four groups: 
strict control (< 110  mg/dL), intermediate strict control 
(< 150  mg/dL), liberal control (< 180  mg/dL), and very 
liberal control (< 252 mg/dL).

Outcome
Considering that the data included in our study primarily 
come from subgroup analyses of randomized controlled 
trials (RCTs), the available data are limited. Therefore, the 
primary outcome of our study is all-cause 90-day mortal-
ity. For studies where 90-day mortality was not reported, 
we used the closest available time point to day 90.

Statistically analysis
To compare the efficacy of each glucose control strat-
egy in reducing all-cause mortality, we conducted a net-
work meta-analysis across all studies. The analysis was 
performed using the “mvmeta” package in Stata 17. Risk 
ratios with 95% confidence intervals (CIs) were used to 
present the combined outcomes. Based on the results of 
the inconsistency test, if no significant inconsistency was 
detected (p > 0.05), a consistency model was applied; oth-
erwise, an inconsistency model was used. The analysis 
was performed using a random effects model. We plot-
ted cumulative probability curves for all interventions. In 
cumulative probability curves, the x-coordinate of each 
intervention represents the ranking, while the y-coordi-
nate represents the probability of that ranking. The area 
under the cumulative probability curve for each inter-
vention is referred to as the surface under the cumula-
tive ranking (SUCRA). SUCRA is a metric used to rank 
treatments based on their effectiveness in a network 
meta-analysis (NMA). It calculates the probability that a 
particular intervention will perform better than the other 
interventions included in the analysis. SUCRA values 
range from 0 to 1, where 1 represents the best possible 
treatment and 0 represents the worst. A higher SUCRA 
value indicates a greater likelihood of being the most 
effective treatment, while a lower value suggests a lower 
probability of achieving the best outcome. We plotted a 
funnel plot to subjectively assess small-study effects in 
publication bias. Small-study effects refer to the tendency 
of smaller studies to have greater variability and poten-
tially report exaggerated effect sizes. If the distribution 
of studies in the funnel plot is asymmetric (e.g., smaller 
studies favor positive results), it may indicate small-
study effects. Additionally, we conducted Egger’s test to 
objectively evaluate small-study effects. If the p-value of 

Egger’s test is greater than 0.05, there is no clear evidence 
of small-study effects. We conducted sensitivity analysis 
using the node-splitting method and loop consistency 
test to explore inconsistencies between studies. The 
node-splitting method is a technique in network meta-
analysis used to detect inconsistency. It separates direct 
and indirect evidence for each intervention pair and com-
pares them to assess consistency. A significant difference 
between the direct and indirect evidence suggests poten-
tial inconsistency in the network, which may require fur-
ther adjustment. This method helps ensure the reliability 
and accuracy of the analysis. The loop consistency test is 
used to assess the consistency of indirect comparisons 
between treatments in network meta-analysis. By exam-
ining the consistency of loops formed by treatments, it 
identifies potential inconsistencies in the network. A sig-
nificant difference between direct and indirect evidence 
within a loop indicates possible inconsistency, which may 
require further adjustments. This test also contributes 
to ensuring the reliability and accuracy of the results. A 
p-value < 0.05 is considered to indicate a statistically sig-
nificant difference in this study.

Result
Study selection
The database search identified 11,466 records: 1,572 from 
PubMed, 2,943 from Embase, 919 from the Cochrane 
Library, and 6,032 from Web of Science. After remov-
ing 3,278 duplicates, we screened the titles and abstracts 
of 8,188 records. A total of 8,134 records were excluded. 
Following a full-text review of the remaining 54 articles, 
we ultimately included 12 randomized controlled tri-
als[11–13,17−25] in this network meta-analysis (Fig. 1).

Study characteristic and risk of bias
The included studies primarily focused on adult patients, 
although the reasons for ICU admission and patient 
types varied. These studies included medical and surgi-
cal patients (6 studies), medical-only patients (1 study), 
surgical-only patients (4 studies), and sepsis (1 study). 
Among the four studies focusing on surgical-only 
patients, two involved cardiac surgery, and one involved 
gastrectomy. Of the included studies, nine focused on 
both type 1 and type 2 diabetes, while three specifically 
targeted type 2 diabetes. Six studies had a follow-up dura-
tion of 90 days, while six studies had a follow-up dura-
tion of either during hospitalization or 28 days (Table 1). 
It should be noted that in Table  1, due to limited data 
from diabetic patients, the achieved glucose levels were 
observed values from the total population. The glucose 
control protocols, accuracy of the glucose measurements, 
and feeding strategies for the included studies were pre-
sented in eTable1 in supplement.
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Fig. 1  Flowchart of study selection
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In the 12 studies, all raised some concerns about bias. 
The main source of bias in most studies was the inabil-
ity to implement blinding for patients (Fig.  2). It is also 
important to note that, represented by the average 
achieved glucose level, only three studies among the 12 
included achieved the target glucose level. However, in 
the group that did not reach the target, the achieved glu-
cose level in the strict group was much lower than in the 
liberal group.

Network meta-analysis for all-cause mortality
Twelve studies assessed the all-cause mortality of vari-
ous glucose control strategies in ICU patients with dia-
betes. Based on the differences in target glucose levels 
between the intervention and control groups in each 
study, we classified the studies according to the classifica-
tion method described in the Methods section (Table 1). 
Figure 3 shows the distribution of comparisons between 
the strategies, where the size of the circles reflects the 
number of participants included in each strategy, and the 
thickness of the lines connecting the strategies indicates 

Fig. 2  Overall distribution of risk of bias (A) and risk of bias of each included studies (B)
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the number of studies. We observed that the strict con-
trol group and very liberal control group had the largest 
number of participants, and the most studies compared 
these two strategies. Inconsistency testing revealed a 
P-value of 0.9731, which is greater than 0.05, indicat-
ing no significant inconsistency. Therefore, we used a 
consistency model for the analysis. The final network 

meta-analysis results showed no significant statistical 
differences between the four glucose control strategies. 
At the same time, we have also presented the compari-
son results of the various blood glucose control strate-
gies in the Supplement with league diagram (eTable2). 
The contribution distribution of the various studies in 
this network meta-analysis was showed in eFigure1. To 

Fig. 3  Network plot and network meta-analysis between strict control, intermediate strict control, liberal control, very liberal control. (Network plot: The 
size of each circle reflects the number of participants included, and the thickness of the lines between the circles indicates the number of studies compar-
ing the various strategies. Forest plot: When the RR value is greater than 1, it indicates that the former (more strict control group) has a higher mortality 
rate compared to the latter (less strict control group). Conversely, when the RR value is less than 1, it means the former has a lower mortality rate. Each 
diamond represents the pooled RR of direct and/or indirect comparisons for each study, with the lines at both ends representing the 95% confidence 
interval. The dashed line crossing one represents the null line, and any result crossing one indicates no statistically significant difference.)
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further compare the effectiveness of these four strate-
gies in controlling all-cause 90-day mortality, we plotted 
the cumulative probability for each strategy’s ranking, 
which shows the relative positions of each strategy. Each 
line represents a control strategy, and each line has four 
data points. The x-coordinate of each data point repre-
sents the ranking, while the y-coordinate represents the 
probability of that ranking. For example, the four points 
for intermediate strict control are (1, 0.799), (2, 0.901), (3, 
0.94), and (4, 1), which indicate that the probability of lib-
eral control being ranked first is 0.799, the probability of 
being in the top two is 0.901, the probability of being in 
the top three is 0.94, and the probability of being in the 
top four is 1 (Fig.  4). Using the cumulative probability 
curves, we calculated the area under the curve (SUCRA) 
for each strategy. The strategies, ranked from highest 
to lowest SUCRA, were as follows: intermediate strict 
control (SUCRA, 88%), liberal control (SUCRA, 55.3%), 
very liberal control (SUCRA, 40.3%), and strict control 
(SUCRA, 16.5%). Therefore, intermediate strict control 
might be the most effective strategy for reducing all-
cause mortality among four. The funnel plot showed that 
the studies were mainly concentrated at the top, with a 

relatively balanced distribution, suggesting no significant 
publication bias (Fig. 5). The solid red oblique line in the 
middle of Fig. 5 represents the result of Egger’s test. The 
Egger’s test analysis shows a slope of 0.16 (95% CI, 0.15 
to 0.18; p = 0.542 > 0.05), indicating no significant evi-
dence of small sample study effects (eFigure1). As there 
was no direct comparison between intermediate strict 
control and very liberal control, and no direct compari-
son between strict control and intermediate strict con-
trol, the node-splitting method only analyzed results with 
both direct and indirect evidence. The findings revealed 
that the comparisons of strict control vs. liberal control, 
strict control vs. very liberal control, intermediate strict 
control vs. liberal control, and liberal control vs. very lib-
eral control all yielded P-values greater than 0.05 (eFig-
ure3). Similarly, the consistency test examined the loop of 
strict control-liberal control-very liberal control showed 
P-values greater than 0.05 (eFigure4). Therefore, both the 
node-splitting method and the consistency test revealed 
no significant inconsistencies.

Fig. 4  Cumulative probability of the ranking of strict control, intermediate strict control, liberal control and very liberal control (Each line represents a 
control strategy, and each line has four data points. The x-coordinate of each data point represents the ranking, while the y-coordinate represents the 
probability of that ranking.)
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Discussion
Our network meta-analysis is the first to compare the 
effects of strict control, intermediate strict control, lib-
eral control, and very liberal control in ICU patients with 
diabetes. Although the SUCRA rankings suggest that 
intermediate strict control may have a higher priority, no 
significant statistical differences were observed among 
the four strategies in reducing all-cause mortality. One 
notable point in this study is that we ranked different 
glucose control strategies based on SUCRA. However, 
we acknowledge that the results from SUCRA are not 
entirely consistent with findings from some original ran-
domized controlled trials (RCTs). For example, although 
SUCRA analysis suggests that very liberal glucose con-
trol is the third best strategy (after liberal glucose con-
trol), the only RCT comparing very liberal versus liberal 
glucose control found a 5% higher mortality in the very 
liberal control group, and the study was stopped pre-
maturely. While this difference did not reach statisti-
cal significance in the LUCID RCT [12], the potential 

mortality effect was larger than what was observed in 
RCTs comparing very liberal versus strict control. Given 
the hypothesis-generating nature of these findings, we 
believe that the current evidence is insufficient to con-
clude that liberal glucose control is superior with regard 
to mortality. Therefore, we suggest not relying solely on 
the SUCRA ranking and emphasize the need for further 
validation of the true impact of different glucose control 
strategies on mortality.

In 2024, Defante et al.‘s traditional meta-analysis [8] 
compared strict glucose control with liberal glucose 
control in reducing mortality among ICU patients with 
diabetes. Their meta-analysis included eight RCTs and 
categorized blood glucose control strategies into two 
groups: strict control and liberal control. The target glu-
cose level for the strict control group was 80–110  mg/
dL, while the liberal control group was further divided 
into three subgroups: <180 mg/dL, 180–215 mg/dL, and 
180–200 mg/dL. Therefore, liberal blood glucose control 
strategies, which involve multiple ranges, were grouped 
into a single category. The analysis found no statistically 

Fig. 5  Funnel plot of included studies (If the funnel plot is relatively symmetrical, it suggests a lower likelihood of publication bias. If the funnel plot is 
asymmetrical, particularly at the bottom, it indicates a potential presence of publication bias or small sample effects. The solid red oblique line in the 
middle represents the result of Egger’s test a slope of 0.16 (95% CI, 0.15 to 0.18; p = 0.542 > 0.05))
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significant difference in all-cause mortality between strict 
and liberal blood glucose control in ICU patients with 
diabetes. Although our results also showed no statisti-
cally significant difference in all-cause mortality between 
each strategy, our network meta-analysis, with a com-
prehensive comparison and SUCRA estimates, indicated 
that intermediate strict control (< 150  mg/L) might be 
more effective than other strategies in reducing all-cause 
mortality.

Hypoglycemia is another issue to be considered in 
glucose control strategies. Several studies and meta-
analyses have shown that intensive insulin therapy for 
strict glucose control is associated with an increased 
risk of hypoglycemia, which is linked to higher morbid-
ity and mortality in hospitalized patients [26–28]. The 
2024 Society of Critical Care Medicine (SCCM) guide-
lines recommend against targeting lower blood glucose 
ranges (80–139 mg/dL) due to the increased risk of hypo-
glycemia, instead preferring a higher target range (140–
200 mg/dL) [29].

However, our study has several limitations. Firstly, 
there is heterogeneity across the included studies, which 
may stem from variations in glucose control protocols, 
accuracy of glucose measurements, feeding strategies, 
and patient populations. While these protocols aimed to 
maintain glucose within target ranges, their implementa-
tion varied, potentially influencing treatment outcomes, 
particularly long-term results and complications. Fur-
thermore, differences in glucose measurement methods 
(e.g., arterial vs. capillary samples) and monitoring fre-
quencies could have impacted the precision of glucose 
monitoring and the evaluation of treatment efficacy. 
Feeding strategies also varied, with some studies recom-
mending early enteral feeding while others used paren-
teral nutrition, potentially affecting glucose management 
and clinical outcomes. Additionally, the included patient 
populations were diverse, ranging from medical and 
surgical ICU patients to those post-cardiac surgery, 
introducing variability in disease severity and treatment 
responses. These factors should be considered when 
interpreting the results, and future research could ben-
efit from standardizing these variables for more accurate 
comparisons. Secondly, there were some concerns about 
the risk of bias in the included studies, primarily due to 
the difficulty in implementing blinding. However, blind-
ing is challenging in glucose control RCTs, as it may be 
unsafe to blind clinicians regarding the evolution of blood 
glucose levels. Lastly, we only analyzed all-cause 90-day 
mortality. In contemporary intensive care, mortality may 
be difficult to impact significantly. Morbidity outcomes 
(e.g., incidence of infections, recovery from organ failure) 
may be more sensitive to interventions. However, the 
data for this analysis mainly come from subgroup analy-
ses in certain RCTs focusing on the primary outcomes for 

diabetic patients, limiting us to extract data on all-cause 
mortality. As a result, we were unable to analyze impor-
tant side effects of glucose control, such as severe hypo-
glycemia. Due to the limited data, we could not conduct 
a comprehensive comparison of the four glucose control 
strategies in other aspects.

Conclusion
This study included 12 randomized controlled trials that 
compared strict control, intermediate strict control, 
liberal control, and very liberal control strategies. The 
results showed no significant differences among the four 
glucose control strategies in reducing all-cause 90-day 
mortality in ICU patients with diabetes. Therefore, the 
current evidence is insufficient to conclude that any par-
ticular strategy is clearly superior to the others in reduc-
ing mortality. Further research is needed to validate these 
preliminary hypothesis-generating findings.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​6​1​3​-​0​2​5​-​0​1​4​7​1​-​x.

Supplementary Material 1

Acknowledgements
We gratefully acknowledge the help of the Epidemic Statistics Unit Support 
Team from Hunan Key Laboratory of Joint Degeneration and Injury.

Author contributions
Dr Shuguang Gao had full access to all of the data in the study and takes 
responsibility for the integrity of the data and the accuracy of the data 
analysis. Concept and design: Gao, Li. Acquisition, analysis, or interpretation of 
data: All authors. Drafting of the manuscript: Meng, Li. Critical revision of the 
manuscript for important intellectual content: All authors. Statistical analysis: 
Meng, Li. Administrative, technical, or material support: Liu, Wu. Supervision: 
Gao.

Funding
This work was supported by the Fundamental Research Funds for the Central 
Universities of Central South University, the National Clinical Research Center 
for Geriatric Disorders, Xiangya Hospital, Central South University (2021KFJJ06), 
and Hunan Provincial Natural Foundation of China (2021JJ30040).

Data availability
All data generated or analyzed are included in this article.

Declarations

Ethical approval and consent to participate
As the literature included in the meta-analysis got ethics approval, no 
additional ethics approval or consent to participate was required.

Consent for publication
All authors have given their consent for publication.

Competing interests
All authors have no competing interests.

Received: 23 December 2024 / Accepted: 1 April 2025

https://doi.org/10.1186/s13613-025-01471-x
https://doi.org/10.1186/s13613-025-01471-x


Page 11 of 11Li et al. Annals of Intensive Care           (2025) 15:51 

References
1.	 Carpenter DL, Gregg SR, Xu K, Buchman TG, Coopersmith CM. Prevalence and 

impact of unknown diabetes in the ICU. Crit Care Med. 2015;43(12):e541–50. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​c​​c​m​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​1​3​5​3

2.	 Swanson CM, Potter DJ, Kongable GL, Cook CB. Update on inpatient glycemic 
control in hospitals in the united States. Endocr Pract. 2011;17(6):853–61. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​5​8​​/​e​​p​1​1​0​4​2​.​O​r

3.	 Pasquel FJ, Lansang MC, Dhatariya K, Umpierrez GE. Management of 
diabetes and hyperglycaemia in the hospital. Lancet Diabetes Endocrinol. 
2021;9(3):174–88. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​s​​2​2​1​3​-​8​5​8​7​(​2​0​)​3​0​3​8​1​-​8

4.	 Moghissi ES, Korytkowski MT, DiNardo M, Einhorn D, Hellman R, Hirsch IB, et 
al. American association of clinical endocrinologists and American diabetes 
association consensus statement on inpatient glycemic control. Diabetes 
Care. 2009;32(6):1119–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​0​9​-​9​0​2​9

5.	 von Loeffelholz C, Birkenfeld AL. Tight versus Liberal blood-glucose control 
in the intensive care unit: special considerations for patients with diabetes. 
Lancet Diabetes Endocrinol. 2024;12(4):277–84. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​s​​2​2​1​
3​-​8​5​8​7​(​2​4​)​0​0​0​5​8​-​5

6.	 Dhatariya K, Umpierrez GE. Management of diabetes and hyperglycemia in 
hospitalized patients. In: Feingold KR, Anawalt B, Blackman MR, et al. editors. 
Endotext. MDText.com, inc. Copyright © 2000–2024. MDText.com, Inc. 2000.

7.	 Krinsley JS, Preiser JC. Is it time to abandon glucose control in critically ill 
adult patients? Curr Opin Crit Care. 2019;25(4):299–306. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​
9​7​​/​m​​c​c​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​6​2​1

8.	 Defante MLR, Mendes BX, de Souza MM, De Hollanda Morais BAA, Martins 
OC, Prizão VM, et al. Tight versus Liberal blood glucose control in patients 
with diabetes in the ICU: A Meta-Analysis of randomized controlled trials. J 
Intensive Care Med. 2024;39(12):1250–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​8​8​5​0​6​6​6​2​4​
1​2​5​5​6​7​1

9.	 Davies RR, Newton RW, McNeill GP, Fisher BM, Kesson CM, Pearson D. Meta-
bolic control in diabetic subjects following myocardial infarction: difficulties 
in improving blood glucose levels by intravenous insulin infusion. Scott Med 
J. 1991;36(3):74–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​0​3​6​9​3​3​0​9​1​0​3​6​0​0​3​0​3

10.	 Javaherforoosh Zadeh F, Azemati S. Adjusted tight control blood glu-
cose management in diabetic patients undergoing on pump coronary 
artery bypass graft. A randomized clinical trial. J Diabetes Metab Disord. 
2020;19(1):423–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​4​0​2​0​0​-​0​2​0​-​0​0​4​9​4​-​4

11.	 Lazar HL, McDonnell MM, Chipkin S, Fitzgerald C, Bliss C, Cabral H. Effects 
of aggressive versus moderate glycemic control on clinical outcomes in 
diabetic coronary artery bypass graft patients. Ann Surg. 2011;254(3):458–63. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​b​0​​1​3​e​3​​1​8​​2​2​c​5​d​7​8. discussion 463-4.

12.	 Poole AP, Finnis ME, Anstey J, Bellomo R, Bihari S, Biradar V, et al. The effect 
of a Liberal approach to glucose control in critically ill patients with type 2 
diabetes: A multicenter, Parallel-Group, Open-Label randomized clinical trial. 
Am J Respir Crit Care Med. 2022;206(7):874–82. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​4​​/​r​​c​c​m​.​
2​0​2​2​0​2​-​0​3​2​9​O​C

13.	 Umpierrez G, Cardona S, Pasquel F, Jacobs S, Peng L, Unigwe M, et al. Ran-
domized controlled trial of intensive versus Conservative glucose control in 
patients undergoing coronary artery bypass graft surgery: GLUCO-CABG trial. 
Diabetes Care. 2015;38(9):1665–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​1​5​-​0​3​0​3

14.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. Int J Surg. 2021;88:105906. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​s​u​.​2​0​2​1​.​1​0​5​9​0​6

15.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 
2019;366:l4898. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​.​l​4​8​9​8

16.	 Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight glucose control in 
critically ill adults: a meta-analysis. JAMA. 2008;300(8):933–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​0​1​​/​j​​a​m​a​.​3​0​0​.​8​.​9​3​3

17.	 De La Rosa Gdel C, Donado JH, Restrepo AH, Quintero AM, González LG, 
Saldarriaga NE, et al. Strict glycaemic control in patients hospitalised in a 
mixed medical and surgical intensive care unit: a randomised clinical trial. Crit 
Care. 2008;12(5):R120. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​c​​c​7​0​1​7

18.	 Kalfon P, Giraudeau B, Ichai C, Guerrini A, Brechot N, Cinotti R, et al. Tight 
computerized versus conventional glucose control in the ICU: a randomized 
controlled trial. Intensive Care Med. 2014;40(2):171–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​
7​​/​s​​0​0​1​3​4​-​0​1​3​-​3​1​8​9​-​0

19.	 Gunst J, Debaveye Y, Güiza F, Dubois J, De Bruyn A, Dauwe D, et al. Tight 
Blood-Glucose control without early parenteral nutrition in the ICU. N Engl J 
Med. 2023;389(13):1180–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​2​3​0​4​8​5​5

20.	 Finfer S, Chittock DR, Su SY, Blair D, Foster D, Dhingra V, et al. Intensive 
versus conventional glucose control in critically ill patients. N Engl J Med. 
2009;360(13):1283–97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​0​8​1​0​6​2​5

21.	 Cao SG, Ren JA, Shen B, Chen D, Zhou YB, Li JS. Intensive versus conventional 
insulin therapy in type 2 diabetes patients undergoing D2 gastrectomy for 
gastric cancer: a randomized controlled trial. World J Surg. 2011;35(1):85–92. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​6​8​-​0​1​0​-​0​7​9​7​-​5

22.	 Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M, Weiler N, et 
al. Intensive insulin therapy and pentastarch resuscitation in severe sepsis. N 
Engl J Med. 2008;358(2):125–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​0​7​0​7​1​6

23.	 Van den Berghe G, Wilmer A, Hermans G, Meersseman W, Wouters PJ, 
Milants I, et al. Intensive insulin therapy in the medical ICU. N Engl J Med. 
2006;354(5):449–61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​0​5​2​5​2​1

24.	 van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz 
M, et al. Intensive insulin therapy in critically ill patients. N Engl J Med. 
2001;345(19):1359–67. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​0​1​1​3​0​0

25.	 Arabi YM, Dabbagh OC, Tamim HM, Al-Shimemeri AA, Memish ZA, Had-
dad SH, et al. Intensive versus conventional insulin therapy: a randomized 
controlled trial in medical and surgical critically ill patients. Crit Care Med. 
2008;36(12):3190–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​C​​C​M​.​​0​b​0​​1​3​e​3​​1​8​​1​8​f​2​1​a​a

26.	 Meng J, Li X, Xiao Y, Tang H, Liu P, Wu Y, et al. Intensive or Liberal glucose con-
trol in intensive care units for septic patients? A meta-analysis of randomized 
controlled trials. Diabetes Metab Syndr. 2024;18(5):103045. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​1​6​​/​j​​.​d​s​x​.​2​0​2​4​.​1​0​3​0​4​5

27.	 Yao RQ, Ren C, Wu GS, Zhu YB, Xia ZF, Yao YM. Is intensive glucose control bad 
for critically ill patients? A systematic review and meta-analysis. Int J Biol Sci. 
2020;16(9):1658–75. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​1​5​0​​/​i​​j​b​s​.​4​3​4​4​7

28.	 Chen L, Li T, Fang F, Zhang Y, Faramand A. Tight glycemic control in criti-
cally ill pediatric patients: a systematic review and meta-analysis. Crit Care. 
2018;22(1):57. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​5​4​-​0​1​8​-​1​9​7​6​-​2

29.	 Honarmand K, Sirimaturos M, Hirshberg EL, Bircher NG, Agus MSD, Carpenter 
DL, et al. Society of critical care medicine guidelines on glycemic control for 
critically ill children and adults 2024. Crit Care Med. 2024;52(4):e161–81. ​h​t​t​p​s​:​​​
/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​9​7​​/​​c​​c​m​.​0​​0​0​0​​0​0​​0​0​0​0​0​0​6​1​7​4

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1097/ccm.0000000000001353
https://doi.org/10.1097/ccm.0000000000001353
https://doi.org/10.4158/ep11042.Or
https://doi.org/10.4158/ep11042.Or
https://doi.org/10.1016/s2213-8587(20)30381-8
https://doi.org/10.2337/dc09-9029
https://doi.org/10.1016/s2213-8587(24)00058-5
https://doi.org/10.1016/s2213-8587(24)00058-5
https://doi.org/10.1097/mcc.0000000000000621
https://doi.org/10.1097/mcc.0000000000000621
https://doi.org/10.1177/08850666241255671
https://doi.org/10.1177/08850666241255671
https://doi.org/10.1177/003693309103600303
https://doi.org/10.1007/s40200-020-00494-4
https://doi.org/10.1097/SLA.0b013e31822c5d78
https://doi.org/10.1097/SLA.0b013e31822c5d78
https://doi.org/10.1164/rccm.202202-0329OC
https://doi.org/10.1164/rccm.202202-0329OC
https://doi.org/10.2337/dc15-0303
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1001/jama.300.8.933
https://doi.org/10.1001/jama.300.8.933
https://doi.org/10.1186/cc7017
https://doi.org/10.1007/s00134-013-3189-0
https://doi.org/10.1007/s00134-013-3189-0
https://doi.org/10.1056/NEJMoa2304855
https://doi.org/10.1056/NEJMoa0810625
https://doi.org/10.1007/s00268-010-0797-5
https://doi.org/10.1007/s00268-010-0797-5
https://doi.org/10.1056/NEJMoa070716
https://doi.org/10.1056/NEJMoa052521
https://doi.org/10.1056/NEJMoa011300
https://doi.org/10.1097/CCM.0b013e31818f21aa
https://doi.org/10.1016/j.dsx.2024.103045
https://doi.org/10.1016/j.dsx.2024.103045
https://doi.org/10.7150/ijbs.43447
https://doi.org/10.1186/s13054-018-1976-2
https://doi.org/10.1097/ccm.0000000000006174
https://doi.org/10.1097/ccm.0000000000006174

	﻿Comparison of all-cause mortality with different blood glucose control strategies in patients with diabetes in the ICU: a network meta-analysis of randomized controlled trials
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Search strategy and selection criteria
	﻿Data extraction
	﻿Risk of bias assessment
	﻿Intervention
	﻿Outcome
	﻿Statistically analysis

	﻿Result
	﻿Study selection
	﻿Study characteristic and risk of bias
	﻿Network meta-analysis for all-cause mortality

	﻿Discussion
	﻿Conclusion
	﻿References


