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ABSTRACT
Objective: Diabetes individuals are more likely to 
develop dysglycemia in 72 hours after intensive care 
admission and are associated with mortality. This 
retrospective study aimed to determine the role of 
glycemic variability (GV) in mortality in individuals 
with type 2 diabetes (T2D) with sepsis in the intensive 
care unit (ICU).
Materials and methods: Adult individuals diagnosed 
with sepsis or septic shock and T2D who were admit-
ted to the ICU between January 2022 and June 2024 
were include in the study. The GV parameters of 
mean amplitude of glucose excursion (MAGE) and the 
glucose coefficient of variation (GluCV) were used to 
determined survival at 30 days and length of stay (LoS). 
Acute Physiology and Chronic Health Evaluation-IV 
(APACHE-IV) and the Sequential Organ Failure Assess-
ment (SOFA) score were used for comparison with the 
GV parameters for the survival outcome. 

Results: A total 233 individuals were included for final 
analysis, divided into high GV (39.48%) and low GV 
(60.52%) based on a cut-off MAGE of 65 mg/dL. The 
low-GV group had a significantly lower mortality rate 
(1.4% vs. 97.8%, p = 0.000). The was no significant 
difference in LoS using MAGE (p = 0.14), but the 
difference became significant using GluCV < 25% 
(p = 0.029). Multivariate analysis with linear logistic 
regression showed that APACHE-IV, SOFA, hypoglyce-
mic episode, MAGE, and GluCV were independently 
associated with survival at 30 days. Survival analysis 
showed a significant difference in the estimated sur-
vival time for patients with low MAGE (29.65 vs. 4.24 
days, p = 0.000). 
Conclusions: High glycemic variability was observed 
in 39% of individuals; it was associated with higher 
mortality in diabetic individuals with sepsis and was 
independently associated with high 30-day mortality. 

(Clin Diabetol 2025; 14, 1: 18–25)
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Introduction
Sepsis is prevalent among critically ill individuals and 

results from a dysregulated immune response to infec-
tions and organ damage. This encompasses exaggerated 
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inflammatory, immunosuppressive, vascular leakage, and 
coagulative processes [1, 2]. Moreover, the incidence of 
sepsis remains high in high-risk individuals, such as those 
with diabetes mellitus (DM), cancer, the elderly, and the 
immunocompromised [1]. The prevalence of sepsis us-
ing the Sepsis-3 criteria is 22.4%, and it contributes to 
11 million deaths annually or 20% of global deaths. 
The mortality remains high at 30–45% with more than 
one-third of individuals dying within 90 days, especially 
in low- and middle-income countries [2–4]. Respiratory, 
intra-abdominal, and urinary infections with gram-neg-
ative bacteria predominate in the etiology of sepsis [4]. 

Glucometabolic disorders are highly prevalent in 
critically ill individuals and adversely affect their prog-
nosis. The activation of stress induces hyperglycemia 
and increases glycemic variability (GV). Although acute 
GV is closely associated with endothelial cell damage 
and leads to endothelial dysfunction [5], Magee et al. 
found that early fluctuation of blood glucose increased 
30-day mortality and all-cause hospital mortality in 
sepsis individuals [6]. Lu et al. also stated that GV 
level during intensive care unit (ICU) hospitalization 
is relevant to septic prognosis [5]. However, there has 
been no standard consensus on a standard definition 
of glycemic variability until now. Available metrics of 
GV, such as coefficient variation (CV), mean amplitude 
of glucose excursion (MAGE), and glycemic lability 
index (GLI), are associated with increased mortality in 
sepsis, and the lower variability has a protective effect 
on sepsis [7, 8]. The exact targets for these parameters 
need to be established.

Individuals with diabetes are more likely to develop 
dysglycemia in 72 hours after intensive care admis-
sion. The event of hypoglycemia may be exaggerated 
in individuals with diabetes and is closely associated 
with worse outcomes and mortality [9, 10]. Moreover, 
the practical implication of MAGE and CV are still lim-
ited in sepsis patients in the ICU setting and need to 
be clarified. Therefore, we conducted a retrospective 
study to determine the role of glycemic variability (GV) 
in mortality in type 2 diabetes (T2D) individuals with 
sepsis in the ICU setting. We hypothesized that higher 
GV adversely affects the outcome in individuals with 
diabetes and sepsis. 

Materials and methods
Subjects

Adult individuals diagnosed with sepsis or septic 
shock and T2D, admitted to the ICU between January 
2022 and June 2024, were screened for eligibility ac-
cording to the following criteria: 1) age 18–80 years; 
2) quick sequential organ failure assessment (qSOFA) 
score ≥ 2 points within 24 h of admission; 3) history 

of diabetes treatment, and 4) minimum routine BG 
monitoring every 8 h in the ICU. The exclusion criteria 
were as follows: 1) discharge or death within 2 days 
of admission; 2) fewer than 3 records of BG per day in 
the ICU; 3) on high-dose corticosteroid therapy (dexa-
methasone > 6 mg daily or equivalent); and 4) concur-
rent major operative procedure, hemorrhagic stroke, 
tumors, pregnancy, blood diseases, and active bleeding.

Study design
This was a retrospective, exploratory study based 

on a review of the medical records of adult intensive 
care individuals at a secondary hospital (Sumber Waras 
Hospital, affiliated with the Faculty of Medicine, Taru-
managara University, Jakarta, Indonesia). This ICU has 7 
critical beds. Individuals admitted to the ICU were treat-
ed based on the national intensive glucose regulation 
protocol, in which insulin is used for glucose control to 
maintain targets of 80–180 mg/dL (4.4–10 mmol/L). The 
initial dose of rapid-acting insulin drip was 0.5–1 U/h. 
The blood glucose (BG) target was 140–180 mg/dL with 
a decrement of 60 mg/dL per hour. If BG < 100 mg/dL, 
the insulin drip is stopped. The insulin dose reduces 
by 50% per hour and increases by 25% per hour if BG 
100–140 mg/dL and > 180 mg/dL, respectively. 

In the event of hypoglycemia, 50 mL of 25% dex-
trose solution (DS) was injected, followed by a 10% 
DS intravenous drip, and the BG was re-tested after 
one hour. 

Data collection
Diabetes was diagnosed according to American 

Diabetes Association (ADA) 2023 [11]. Sepsis is de-
fined as a life-threatening organ dysfunction caused 
by a dysregulated host response to infection. Organ 
dysfunction was defined as an increase in the quick 
Sequential (sepsis-related) Organ Failure Assessment 
(qSOFA) score by ≥ 2 points. Septic shock is a type of 
sepsis characterized by profound circulatory, cellular, 
and metabolic abnormalities associated with a greater 
risk of mortality than sepsis alone [12]. We quantify 
the sepsis-related critical score: APACHE-IV score (with 
online calculator: https://intensivecarenetwork.com/
Calculators/Files/Apache4.html) and SOFA score.

The minimum routine BG level was measured ap-
plied every 8 h, depending on the individual’s condi-
tion. All patients underwent 3 or more measurements 
on recording days. We used 2 parameters to assess 
glucose variation: mean amplitude of glucose excursion 
(MAGE) and glucose coefficient of variation (GluCV). 
Briefly, MAGE is a mean blood glucose value exceed-
ing the standard deviation from the 24-h mean blood 
glucose level, whereas GluCv is the percentage ratio of 

https://intensivecarenetwork.com/Calculators/Files/Apache4.html
https://intensivecarenetwork.com/Calculators/Files/Apache4.html
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the standard deviation (SD) to the mean glucose level. 
According to scientific literature, the value of MAGE 
in patients without DM is nearly 30–40 mg/dL and 
nearly 60–70 mg/dL for cardiovascular events [13, 14]. 
In the studies from Furushima et al. [13] and Asakasa 
et al. [14], they found that MAGE > 65 mg/dL caused 
a significantly higher rate of cardiovascular events and 
mortality in ICU settings. The MAGE cut-off applied in 
this study was 65 mg/dL, based on the studies above. 
For the GluCV, Chao et al. [15] used a cut-off of 30% 
in their study and found that diabetic individuals with 
CV > 30% had worse outcomes which were indepen-
dently associated with mortality. We decided to clas-
sify them into 3 groups: < 25%, 25–50%, and > 50%, 
to minimize the bias and increase the sensitivity [15]. 

Statistical analysis
The primary outcome was 30-day survival and 

length of stay (LoS) in low and high glucose variations 
based on MAGE and GluCV values. The secondary out-
comes were 1) the significance of MAGE and GluCV in 
relation to 30-day mortality, 2) the sensitivity and speci-
ficity of MAGE and GluCV to predict 30-day mortality.

The minimum sample size calculated using G*Power 
software (power 0.80, alpha 0.05) for correlation analy-
sis between the 2 groups was 201 participants.

Differences between the 2 groups were analyzed 
using Student’s t test or the Mann-Whitney U test. The 
chi-squared test or Fisher’s exact test was used for cat-
egorical variables. The correlation between MAGE and 
GluCV was analyzed using Pearson correlation. Kaplan-
Meier analysis was used to test the association between 
30-day mortality and acute GV using the cut-off MAGE 
and gluCV percentage. Variables were considered to 
be included in the multivariate analysis if the univari-
ate p value was < 0.20. A linear regression model was 
constructed to identify independent variables that 
predicted 30-day mortality. The sensitivity and specific-
ity of MAGE and GluCV for predicting mortality were 
analyzed using receiver operating characteristic (ROC) 
curves. Statistical significance was set at a two-sided 
p-value of < 0.05. All data were analyzed using SPSS 
software version 26.0 (SPSS Inc., Chicago, IL, USA).

Ethics statement
The present study protocol was reviewed and ap-

proved by the Institutional Review Board of the Sumber 
Waras Research Ethics Committee (approval No. 23/ 
/RSSW/KoM.EP/EC/V/2024)

Results
A total of 301 consecutive individuals were admit-

ted to the medical ICU due to sepsis and T2D between 

January 2022 and June 2024; of these, 68 were ex-
cluded because lack of BG measurement, concurrent 
major operative procedure, and diagnosis of diabetic 
ketoacidosis/hyperosmolar hyperglycemia syndrome. 
The remaining 233 individuals were eligible for analysis 
and divided into high GV (n = 92, 39.48%) and low 
GV (n = 141, 60.52%) based on MAGE 65 mg/dL as 
a cut-off point. The Supplementary Figure 1 illustrates 
the subject flow in the study.

Table 1 summarizes the demographics, comorbidi-
ties, sepsis-related data, glycemic data, insulin prescrip-
tions, and outcomes. The mean age was 60.49 ± 12.04 
years, and 47.21% of subjects were female. The most 
common underlying comorbidity was cerebrovascular 
disease (50.21%), followed by congestive heart failure 
(36.91%). Septic shock was diagnosed in 34.76% of 
individuals, with a mean SOFA score of 10.43 ± 6.10. 
The mean MAGE and GluCV values were 58.18 ±  
± 20.50 mg/dL and 28.04 ± 18.23%, respectively. The 
low-GV group had fewer comorbidities (1.62 vs. 1.98), 
a lower rate of septic shock (53.27% vs. 22.70%), 
lower APACHE-IV score (48.11 vs. 182.01), lower 
SOFA score (6.19 vs. 16.95), lower rate of mechanical 
ventilation (31.91% vs. 83.69%), and fewer hypogly-
cemic episodes (0.10 vs. 2.69). A full comparison of 
each variable in the 2 groups (low and high MAGE) is 
presented in Table 1.

The low-GV group showed significantly lower 
mortality rate [1.4% vs. 97.8%, p = 0.000, odds ratio 
(OR) = 68.49 (17.27–271.25)] compare to high GV. The 
GluCV < 25% showed a significantly lower mortality 
rate rather than 25–50% and > 50% groupw (0.8% vs. 
83.6% vs. 100%, p = 0.000). There was no significant 
difference in ICU LoS using MAGE (p = 0.14), but it 
became significant using GluCV. A GluCV < 25% show 
significantly shorter LoS in ICU (p = 0.029). MAGE and 
GluCV also showed strong correlation (r = 0.930), 
where 92.1% low GV group had GluCV < 25%. A full 
description and analysis are presented in Table 2 and 
Figure 1.

Multivariate analysis with linear logistic regression 
was performed with variables that had a p-value < 0.20 
(Suppl. Tab. 1). The APACHE-IV score (p = 0.001), 
SOFA score (0.000), number of hypoglycemic episodes 
(p = 0.000), MAGE (p = 0.000), and GluCV (p = 0.001) 
were significant independently associated with 30-day 
survival. 

The mean estimated survival time of the low-MAGE 
group using Kaplan-Meier survival analysis in the 30-day 
observation was longer than in the high-MAGE group 
(29.65 vs. 4.24 days, respectively, p = 0.000). When 
using GluCV as a classifier, GluCV < 25% showed the 
longest survival time (29.79 vs. 8.37 vs. 3.16 days, 
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p = 0.000) compared to GluCV 25–50% and > 50% 
(Fig. 2). MAGE and GluCV showed excellent sensitivity 
and specificity for predicting 30-day survival for sepsis 
individuals with T2D. The area under the curve (AUC) 
in the ROC analysis was 0.998 and 0.992 for MAGE 
and GluCV, respectively. The Supplementary Figure 2 
shows the ROC curve.

Discussion
This study explored the association between GV 

and short-term mortality in T2D individuals with sepsis 
in an ICU setting. Based on the investigation of 233 

medical records and 2559 glucose measurements, GV 
was prevalent in sepsis and T2D individuals. We found 
that 39% of individuals had high GV, reflected by 
MAGE > 65 mg/dL and GluCV > 25%. High MAGE and 
GluCV > 25% were independent variables for mortal-
ity in 30-day observation. The low-GV group also had 
a lower rate of critical related parameters, including 
the APACHE-IV and SOFA scores. 

Glycemic variability, defined as the fluctuation of 
blood glucose levels that occurs throughout the day, 
includes hypoglycemic episodes and postprandial hy-
perglycemia [16]. Variability in blood glucose levels is 

Table 1. Baseline Characteristics

Low glucose variability  

(MAGE ≤ 65 mg/dL) (n = 141)

High glucose variability  

(MAGE > 65 mg/dL) (n = 92)

P-value

Age [years] 59.5 ± 12.0 61.9 ± 11.9 0.151

Female (%) 66 (46.8) 44 (47.8) 0.980

Comorbidities

Cerebrovascular disease (%) 64 (45.4) 53 (57.6) 0.004*

Congestive heart failure (%) 34 (24.1) 52 (56.5) 0.003*

Kidney disease (%) 32 (22.7) 38 (41.3) 0.108

Myocardial infarct (%) 18 (12.8) 36 (39.1) 0.002*

Lung disease (%) 20 (14.2) 16 (17.4) 0.251

Hematological disease (%) 22 (15.6) 11 (12.0) 0.002*

Liver disease (%) 1 (0.7) 3 (3.3) 0.374

Malnutrition (%) 0 (0) 4 (4.33) 0.119

Individual comorbidity number (n) 1.6 ± 1.0 2.0 ± 1.0 0.009

Sepsis-related data

Sepsis (%) 109 (77.3) 43 (46.7)  < 0.001*

 < 0.001*Septic Shock (%) 32 (22.7) 49 (53.3)

APACHE-IV Score 48.1 ± 31.6 182.0 ± 43.9  < 0.001**

SOFA Score 6.2 ± 2.7 17.0 ± 3.6  < 0.001**

Mechanical ventilation (%) 45 (31.9) 77 (83.7)  < 0.001*

Glycemic parameter

Mean glucose at day-1 [mg/dL] 172.9 ± 12.5 147.5 ± 67.0  < 0.001**

Mean glucose during observation 

[mg/dL]

170.4 ± 9.3 154.0 ± 58.9  < 0.001**

MAGE [mg/dL] 24.1 ± 11.3 110.0 ± 35.4  < 0.001**

GluCV category 

Mean percentage (%) 14.4 ± 6.6 48.7 ± 7.4  < 0.001**

< 25% (n) 128 (90.8) 2 (2.2)

25–50% (n) 13 (9.2) 40 (43.5)

> 50% (n) 0 (0) 30 (32.6)

Total hypoglycemic episodes (n) 0.1 ± 0.4 2.7 ± 0.9  < 0.001**

Outcome

ICU LoS (days) 3.5 ± 2.0 3.9 ± 2.3 0.140

Mortality at D-30 (%) 3 (2.1) 90 (97.8)  < 0.001**

*p-value < 0.05 comparison using chi-square test; **p-value < 0.05 comparison using independent t-test

APACHE-IV — Acute Physiology and Chronic Health Evaluation-IV; GluCV — glucose coefficient of variation; ICU — intensive care unit; LoS — length of stay; 
MAGE — mean amplitude glucose excursion; SOFA — Sequential Organ Failure Assessment
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independently associated with short-term mortality in 
individuals with sepsis. One strength of our study is 
that all enrolled individuals received intensive glucose 
monitoring (at least 3 times/day), which enabled us to 
investigate the prevalence of high GV and its associa-

tion with 30-day mortality. In line with our findings, 
a retrospective study from Silveira et al. from 6730 
glycemia measurements in the ICU showed a higher 
standard deviation of mean glycemia and MAGE as-
sociated with mortality in the ICU [17]. A study from 

Table 2. Association between MAGE and GluCV with Survival and ICU LoS

Mortality [n (%)] ICU LoS (days)

MAGE

Low (≤ 65 mg/dL) 2 (1.4%) p = 0.000*, OR = 68.5 

(17.3-271.3)

3.5 ± 2.0
p = 0.140

High (> 65 mg/dL) 91 (97.8%) 3.9 ± 2.3

GluCV

< 25% 1 (0.8%)

p = 0.000*

3.5 ± 0.3

p = 0.029**25–50% 61 (83.6%) 3.2 ± 0.1

> 50% 31 (100%) 4.2 ± 0.1

*p-value < 0.05 comparison using chi-square test; ** p-value < 0.05 comparison using independent t-test
GluCV — glucose coefficient of variation; ICU — intensive care unit; LoS — length of stay; MAGE — mean amplitude glucose excursion

Figure 1. Chi-square analysis showing significantly lower rate of mortality in low GV using (A) MAGE and (B) GluCV. (C) Pear-
son correlation test showing strong and significant correlation between MAGE and GluCV score 
GluCV — glucose coefficient of variation; MAGE — mean amplitude glucose excursion

A B

C
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Liu et al. found that T2D sepsis individuals with moder-
ate maintenance blood glucose for 72 hours achieved 
better outcomes, including 90-day mortality [7]. In 
addition, a prospective study by Furushima et al. from 
48 critically ill individuals with sepsis also found that 
higher MAGE (> 65 mg/dL) was independently inversely 
correlated with 90-day survival in the ICU [8]. 

There are several mechanism adverse effects of 
GV in sepsis individuals, including excessive protein 
glycation end products (AGE) and activation of oxida-
tive stress, which cause endothelial dysfunction. GV 
induces overproduction of superoxide by the mito-
chondrial electron-transfer chain and causes a cascade 
of deleterious effect such as enhanced polyol activity, 
activation protein kinase C (PKC), nuclear factor-kß, and 
hexosamine pathway flux. Through these pathways, the 
increase of intracellular reactive oxygen species (ROS) 
causes vascular endothelial dysfunction by decreasing 
the of activity nitrite oxide synthase and activation of 
adhesion molecules [18, 19]. An observational study 
from Rodrigues et al. with 90 T1D individuals in the 
ICU showed that glycemic fluctuation correlated with 
oxidative stress and erythrocyte membrane stability 
parameters by interference with lipid peroxidation and 
cell membrane behavior [20].

We found a significant association between GV 
and increased incidence of hypoglycemia. Hypoglyce-
mia induces the release of inflammatory cytokines and 
increases platelet and neutrophil activation and adrena-
line secretion, which contribute to arrhythmia events 
and cardiovascular risk [21, 22]. In line with our study, 
we found that the high-GV group had more episodes 
of hypoglycemia, especially on the first day of admis-

Figure 2. Kaplan-Meier survival analysis showing mean estimate survival time in low MAGE was 29.65 (29.16–30.13) days, and 
in high MAGE it was 4.24 (3.42–5.06) days. (A) The difference was 19.45 (17.78–21.12) days, SE = 0.85, p = 0.000. The mean 
estimate survival time in GluCV < 25% was 29.79 (29.39–30.20) days, GluCV 25–50% was 8.37 (6.13–10.61) days, and GluCV 
> 50% was 3.16 (2.42–3.91) days. (B) The difference was 19.45 (17.78–21.12), SE 0.85, p = 0.000
GluCV — glucose coefficient of variation; MAGE — mean amplitude glucose excursion; SE — standard error

BA

sion, and hypoglycemia itself became an independent 
variable for mortality. 

Our findings found that GluCV < 25% had bet-
ter outcome for 30-day survival compared to GluCV 
25–50% and > 50%. A study by Lanspa on 6106 critical 
ill individuals showed that GluCV was associated with 
mortality for the entire cohort, with OR1.25 for every 
10% increase (p < 0.001) [23]. In the present study, 
GluCV > 25% had very strong association with mortal-
ity and excellent sensitivity to predict 30-day survival 
[0.992 (0.983–1.000), p = 0.000]. A recent study also 
showed that lower GV was associated with lower mi-
crovascular complications and decreased occurrence 
of hypoglycemia [16, 24]. Unlike glycated hemoglobin 
(HbA1c), GV can estimated hypoglycemic episode up to 
40–50% in the future, and it is an independent predic-
tor of hypoglycemia [25]. 

Our multivariate analysis showed that high MAGE 
and GluCV > 25% were significantly associated with 
short-term mortality, the same as with validated criti-
cally ill parameters, such as APACHE-IV and SOFA. The 
GluCV < 25% group also had shorter duration of ICU 
LoS significantly. This is in line with a retrospective study 
by Guo et al. on a total 6777 individuals, in which they 
found that the hazard ratio (HR) of CV > 25% was 1.37 
(1.21–1.56), p < 0.001, after adjustment for SOFA score 
and multiple comorbidities [26]. A meta-analysis from 
Brett et al. from 41 studies (162,259 individuals) also 
showed a consistent association between increased 
measure of glycemic variability and higher short-term 
mortality in individuals with critical illness [24]. A study 
from Asakasa et al. suggested that large glycemic ex-
cursion parameter (MAGE, CV) was closely linked with 
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vascular endothelial dysfunction and deterioration of 
vascular endothelium. They found that MAGE was as-
sociated with higher risk of cardiovascular events and 
was a risk factor for coronary stenosis [14].

In consideration of easier measurement and modal-
ity, GV itself could become a good prognostic marker 
to predict the mortality and length of hospital stay in 
T2D individuals with sepsis. Furthermore, monitoring 
GV fluctuations could provide early clues for antici-
pating potential deterioration and aiding therapeutic 
adjustment [27]. 

There are several limitations to this study. First, it 
was a retrospective study in a single-center, which lim-
ited the robustness. Second, we excluded 30 subjects 
who died after < 24 h in the ICU, and this group may 
have greater fluctuations in BG levels. Third, despite 
highlighting the role of GV in T2D individuals with 
sepsis, the study only used periodic blood glucose 
monitoring (every 8 hours), not continuous glucose 
monitoring (CGM), which could offer more precise data 
on glucose fluctuations. Fourth, the generalizability of 
the findings should be applied with caution because of 
the high frequency of comorbidities that may influence 
BG fluctuations. Finally, we did not consider a variety 
of treatments that may influence BG.

Despite these limitations, the present study high-
lights the critical role of intensive GV monitoring in 
diabetic individuals with sepsis, which is feasible and 
can be incorporated into standard ICU procedures. 
CGM technology provides enhanced capabilities for 
closely tracking and identifying rapid fluctuations in 
BG levels. The reported CGM measurements signifi-
cantly correlated with oxidative stress and endothelial 
dysfunction markers (urinary 8-iso-prostaglandin F2a, 
Gensini score, reactive hyperemia index) [14]. CGM has 
been associated with better control of short-term fluc-
tuations in BG levels, reduced HbA1c values, reduced 
risk of severe hyperglycemia, and improved glycemic 
control [27]. Further studies are needed to investigate 
the optimal control strategy for individuals with high 
BG fluctuation with CGM. 

Conclusions
High glycemic variability was observed in 39% of 

individuals; it was associated with higher mortality in 
diabetic individuals with sepsis, and was independently 
associated with high 30-day mortality. These findings 
emphasize the critical importance of early monitoring 
and detection of blood glucose fluctuations, espe-
cially to prevent large excursions and hypoglycemia 
episodes. Additional studies are required to explore 
the mechanism underlying GV and to optimize glu-
cose control.
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