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ABSTRACT

Objective: Glycemic variability (GV) is associated with increased morbidity and mortality in critically ill patients. This study aimed to contribute 
to the knowledge on the subject and to investigate the situation in our intensive care patient population.

Method: Patients who were admitted to the Intensive Care Unit (ICU) between January 2015 and August 2020 were screened using the 
hospital’s database. The following data were collected: demographic characteristics of the patients, comorbidities, APACHE II scores, SOFA 
scores, mean amplitude of glycemic excursions (MAGE) based on daily blood glucose measurements from the first day of ICU admission 
until discharge up to the 28th day of their stay, length of stay (LOS), and 28-day mortality status.

Results: In this study, 136 patients were enrolled and divided into high (n=70) and low GV (n=66). No differences were found between the 
two groups in terms of age, gender, comorbidity, APACHE II, mean SOFA scores, treatments, ICU LOS, and mortality. MAGE was higher in 
nonsurvivors (78.8 ±32.2) compared to survivors (65.4 ±22.5) (t=-2.78, p= 0.005). Regarding the mortality, the AUC value for GV was 0.611 
(p=0.02) for MAGE >61 mg/dl, with a sensitivity of 68.5% and specificity of 50%. Patients were grouped according to GV (MAGE>65) and 
the presence of diabetes mellitus (DM). Mortality was highest in patients with high GV and without DM (53.3%).

Conclusion: In this study, MAGE levels were higher in non-survivors than survivors, and glycemic variability was moderately associated with 
mortality. Patients with high GV and without DM had a higher mortality rate compared to those with DM.

Keywords: glycemic variability, critically ill, mortality

ÖZ

Amaç: Glisemik değişkenlik (GD), yoğun bakım hastaları için mortalite ve morbidite artışı dahil olmak üzere önemli klinik etkilere sahip olabilir. 
Bu çalışma, konuyla ilgili bilgi birikimine katkıda bulunmak ve yoğun bakım hasta popülasyonumuzdaki durumu ortaya koymak amacıyla 
yapılmıştır.
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Introduction

Numerous metabolic abnormalities that critically ill 

patients experience can have a major effect on their 

clinical fate. Maintaining glycemic control, which has 

been demonstrated to lower morbidity and mortality, 

is an essential part of their care (1). Intensive Care 

Unit (ICU) patients frequently have hyperglycemia, 

which is associated with an increased risk of infection, 

longer hospital stays, and higher mortality (2,3). 

Hypoglycemia has been shown to have adverse effects 

on these patients too (4,5). Attentive glycemic control 

is advised to avoid the negative consequences of both 

hypoglycemia and hyperglycemia. The American 

Diabetes Association (ADA) recommends targeting 

blood glucose levels between 140 and 180 mg/dL in 

critically ill patients (6), while the Society of Critical 

Care Medicine (SCCM) recommends maintaining 

blood glucose levels between 110 and 150 mg/dL (7).

Blood glucose variations that deviate from the desired 

range are known as glycemic variability (GV). The 

stress reaction to severe illness is one of the main 

causes of GV (8). Studies have shown that higher GV 

is associated with increased morbidity and mortality, 

longer hospital stays, and a higher risk of infections 

(9-11). GV can occur due to several causes. These 

include the type and timing of nutritional support, 

the presence of comorbidities, the severity of the 

illness, and the use of drugs such as vasopressors 

and corticosteroids (4). In order to reduce GV in ICU 

patients, it is imperative to recognize and control these 

factors.

This study was conducted to understand GV status 

in our patient population. The primary objective was 

to investigate the relationship between glycemic 

variability (GV) and mortality in patients admitted 

to the ICU. Additionally, the effects of potential risk 

factors on GV were analysed.

Method

The hospital database was used to do a retrospective 

screening of patients hospitalized to the Internal 

Medicine Intensive Care Unit between January 2015 

and August 2020.

Patient’s demographics, comorbid conditions, Acute 

Physiology and Chronic Health Evaluation II (APACHE 

II) scores (12) and their corresponding predicted 

mortality rates (APACHE II-PMR); Sequential Organ 

Failure Assessment (SOFA) scores (13) at ICU 

admission; and information on the use of insulin, 

corticosteroids, vasopressors, and beta-blockers 

were documented, as were the ICU length of stay 

(LOS) and 28-day mortality status. As an institutional 

protocol, blood glucose had been measured at least 

4-6 times daily using a bedside glucose analyser. 

Samples were taken from capillary blood. Following 

international guidelines, the target blood glucose 

range in the intensive care unit was 140-180 mg/dL (6). 

Yöntem: Ocak 2015 ve Ağustos 2020 tarihleri arasında Yoğun Bakım Ünitesine kabul edilen hastalar hastanenin veri tabanı kullanılarak 
taranmıştır. Hastaların demografik özellikleri, komorbiditeleri, APACHE II skorları, SOFA skorları, yoğun bakım ünitesine kabul edildikleri 
ilk günden taburculuğa veya yoğun bakım ünitesinde kaldıkları 28. güne kadar günlük kan şekeri ölçüm değerlerinden ortalama glisemik 
ekskürsiyon amplitüdü (MAGE), yatış süresi ve 28 günlük mortalite durumu kaydedilmiştir.

Bulgular: Bu çalışmaya 136 hasta dahil edilmiş; yüksek (n=70) ve düşük GD (n=66) olarak iki gruba ayrılmıştır. Gruplar arasında yaş, cinsiyet, 
komorbidite, APACHE II, ortalama SOFA skorları, tedaviler, yoğun bakımda kalış süresi ve mortalite açısından fark saptanmamıştır. MAGE’nin 
hayatta kalmayanlarda (78,8 ±32,2) hayatta kalanlara (65,4 ±22,5) kıyasla daha yüksek olduğu görülmüştür (t=-2,78, p= 0,005). GD’nin 
mortaliteyi tahmin gücünü belirlemek için ROC analizi yapılmıştır. Eğri altında kalan alan 0.611 (p=0.02) saptanmıştır. MAGE >61 mg/dl eşik 
değer alındığında duyarlılık %68,5 ve özgüllük %50 bulunmuştur. Hastalar GD’nin yüksek veya düşük olması (MAGE>65 mg/dl) ve diyabetes 
mellitus (DM) varlığına göre gruplandırılarak mortalite açısından karşılaştırılmıştır. Mortalite, yüksek GD’li ve DM’si olmayan hastalarda en 
yüksekti (%53,3).

Sonuç: Bu çalışmada MAGE düzeylerinin hayatta kalmayanlarda hayatta kalanlara kıyasla daha yüksek olduğu bulunmuştur. GD mortaliteyi 
orta derecede öngörmüştür. GD yüksek olan ve DM olmayan hastalarda mortalite oranı diyabeti olan hastalara göre daha yüksekti.

Anahtar kelimeler: glisemik değişkenlik, kritik hastalık, mortalite
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Insulin administration was managed protocol- based 

on these targets. All patients received nutritional 

support to meet their daily caloric needs of 25-30 

kcal/kg.

Blood glucose values were recorded from the first day 

of admission to the intensive care unit until discharge, 

up to a maximum of 28th days of their intensive 

care unit stay. The mean amplitude of glycemic 

excursion (MAGE) index was used to determine 

glycemic variability. The MAGE index is calculated 

by measuring the difference between the peak and 

trough glycemic excursion over 24 hours. The MAGE 

index was calculated using the formula: MAGE = 1/n 

* ∑ |G[i] - G[j]|, where G[i] and G[j] represent the 

glucose values at two consecutive peaks or nadirs, 

and n is the total number of peaks and nadirs that 

meet the threshold criteria. Then, the average of daily 

MAGE indices was calculated (Sum of daily MAGE/

ICU stay). Referring to a previous study (14), high GV 

was defined as a MAGE >65 mg/dL. 

This study received approval from the Trakya 

University Clinical Research Ethics Committee (TÜTF-

BAEK 2020/438, 07.12.2020). Written informed consent 

was obtained from the participants’ legal guardians or 

next of kin. According to the study clinic’s regulatory 

procedures, patients or their legally authorized 

relatives provided written consent for ‘processing 

and publishing patients’ medical records (with names 

disclosed) for scientific purposes.’

Statistical analyses

IBM SPSS version 26.0 (IBM Corporation, Armonk, NY) 

was used for statistical analyses. Descriptive statistics 

were presented as counts (percentages) for categorical 

variables and medians [25th-75th percentiles] for 

numerical variables. Baseline characteristics, scores, 

and outcomes were compared between low and high 

GV groups using Chi-square tests and Fisher’s exact 

tests for categorical variables, and the Mann-Whitney 

U test for numerical variables where appropriate. The 

receiver operating characteristic (ROC) curve was 

employed to assess the predictive prognostic value of 

the MAGE index. A 5% type-I error rate was applied to 

determine statistical significance.

Results 

Medical records of 612 patients admitted to the 

ICU between January 2015 and August 2020 were 

reviewed. In total, 136 patients whose medical 

records were fully accessible were included in the 

study. Demographic characteristics (age, gender), 

comorbidities, SOFA, APACHE II and APACHEII-PMR 

at the ICU admission; use of insulin, corticosteroid, 

vasopressor, and beta-blocker therapy, length of 

stay, and 28-day mortality status of the patients are 

shown in Table 1. The median age was 71 [63-77] 

years. Men were in the majority (57.4%). One hundred 

six (77.1) patients had diabetes mellitus (DM), which 

was the leading comorbidity. The median APACHE-II 

score was 22 [16-29]. The median MAGE index was 

66.7 [50.0-87.5]. ICU length of stay was 9.5 [6.0-27.5] 

days. In-hospital mortality was 39.7%. According to 

the APACHE-II predicted mortality, the standardised 

mortality ratio was 0.93 (95% CI: 0.68-1.17). 

Patients were categorised into low or high GV groups 

according to the MAGE index and compared (Table 1). 

Groups were not different in terms of age, gender, 

comorbidities, or scores. Insulin therapy was used 

more frequently in patients with high GV (74.3%) than 

in patients with low GV (36.4%) (p<0.001). 

The length of stay in the ICU and hospital mortality 

did not differ between the low and high GV groups. 

However, MAGE was higher in nonsurvivors (78.8 

± 32.2) compared to survivors (65.4 ± 22.5) (t = 

-2.78, p = 0.005). In the ROC analysis for predicting 

mortality based on GV, the AUC was 0.611 (p = 0.02) 

(MAGE > 61 mg/dl, Sensitivity 68.5%, Specificity 

50%) (Figure 1).Mortality was compared by grouping 

patients according to GV (MAGE>65) and the 

presence of DM. (Figure 2) Mortality was highest in 

patients with high GV and without DM (53.3%). 
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Discussion 

This study showed that MAGE was higher in non-

survivors than survivors, and glycemic variability 

moderately predicted mortality. Patients with high 

glycemic variability and without DM had higher 

mortality than patients with DM. Glycemic variability 

was associated with insulin therapy.

The management of glycaemia in critically ill patients 

has been the subject of extensive research and 

controversy over the years. Although it’s well known 

that hyperglycemia is a compensatory mechanism to 

provide sufficient substrate to vital organs as a stress 

response (8), its association with increased morbidity 

and mortality has been documented (2,3). However, 

adverse outcomes and increased mortality have been 

reported in randomised trials evaluating the efficacy 

of tight glycemic control. (15) Several factors, such 

as optimal glycemic targets, risk of hypoglycemia, 

glycemic variability, appropriate target populations, 

and insulin infusion protocol, have complicated 

this issue. Recent studies have also highlighted the 

importance of each patient’s pre-existing glycemic 

milieu, further complicating the determination of 

appropriate glycemic thresholds (16,17).

Studies have shown that there is a correlation between 

GV and mortality in critically ill patients. (10,18-20) GV 

was also found to be more strongly associated with 

mortality than hyperglycemia and hypoglycemia 

Table 1. Characteristics of the patients categorized by glycaemic variability
All (n=136) Low GV (MAGE≤ 65) (n=66) High GV (MAGE >65) (n=70) p

Age. years * 71 [63-77] 69 [62-76] 73.5 [63.7-78.0] 0.23
Gender. Male (n, %) 78 (57.4) 36 (54.5) 42 (60.0) 0.52
Comorbidities, (n, %)

DM 106 (77.9) 51 (77.3) 55 (79.6) 0.26
Type-1 2 (1.5) 0 (0) 2 (2.9)
Type-2 104 (76.5) 51 (77.3) 53 (75.7)

Chronic Pulmonary Disease 35 (25.7) 16 (24.2) 19 (27.1) 0.69
Cerebrovascular Disease 47 (34.6) 21 (31.8) 26 (37.1) 0.51
Malignity 31 (22.8) 16 (24.2) 15 (21.4) 0.69
Chronic Renal Disease 65 (47.7) 35 (53) 30 (42.9) 0.23
Chronic Liver Failure 4 (2.9) 1 (1.5) 3 (4.3) 0.62
Cardiovascular System 37 (27.2) 20 (30.3) 17 (24.3) 0.43
Hypothyroidism 9 (6.6) 5 (7.6) 5 (7.1) 0.41

SOFA score 6.9 [4.6-9.6] 7.1 [5.2-9.6] 6.6 [4.0-9.9] 0.34
APACHE II* 22 [16-29] 22.5 [16.7-31.0] 21.5 [16.0-27.2] 0.28
APACHE-PMR * 0.39 [0.17-0.64] 0.45 [0.17-0.67] 0.38 [0.15-0.62] 0.33
Average MAGE* 66.7 [50.0-87.5] 49.9 [43.7-56.0] 86.3 [73.4-100.5] <0.001
Therapies

Corticosteroid 82 (60.3) 35 (53.0) 47 (67.1) 0.09
İnsulin 76 (55.9) 24 (36.4) 52 (74.3) <0.001
Vasopressor 102 (75) 49 (74.2) 53 (75.7) 0.84
Beta-blocker 74 (54.4) 38 (57.6) 36 (51.4) 0.47

ICU Length of Stay * 9.5 [6.0-27.5] 9.0 [6.7-28.0] 11 [5.0-26.2] 0.72
Mortality (n. %) 54 (39.7) 23 (34.8) 31 (44.3) 0.29

Definition of abbreviations: GV: Glycaemic variability, MAGE: mean amplitude of glycaemic excursions, DM: Diabetes mellitus, SOFA: Sequential organ failure 
assessment, APACHE II: Acute Physiology and Chronic Health Evaluation, PMR: Predicted Mortality Ratio. Data was expressed as n (%) and *: median [25-75th 
percentiles].
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in the paediatric population (21). This association 

of glycaemic variability with mortality is initiated 

by increased oxidative stress, neuronal damage, 

mitochondrial damage, and coagulation activity, as in 

hyperglycemia (19,22,23).

Many indices are used in evaluating glycaemic 

variability, such as MAGE, glucose variability index 

(GVI), glycemic lability index (GLI), coefficient of 

variation (CV), continuous overlap-ping net glycemic 

action (CONGA), and mean of daily differences 

(MODD) (24). In this study, we used the MAGE index 

with a cut-off value of 65 to group patients as high 

and low GV, referring to a study by Service et al. (14) 

Similar to our study, Chao et al. also used this cut-off 

value (10). In their study, they calculated MAGE on the 

first day of ICU admission in patients with sepsis and 

examined its relationship with mortality in this patient 

group. The results showed a higher mortality rate of 

36.7% in patients with high GV than in patients with 

low GV, who had a mortality rate of 26.6%. They also 

found a correlation between GV and 30-day mortality 

using Kaplan-Meier analysis (log-rank test, p=0.018). 

Our study differs from Chao et al.’s in that we did not 

focus on a specific group of patients. We also utilized 

the mean of daily MAGE indices measured daily 

during the ICU stay to group the patients. This may 

explain our finding that glycemic variability predicted 

mortality moderately.

Our findings align with a recent systematic review 

and meta-analysis by Hyrciw et al., which included 41 

studies investigating the association between GV and 

short-term mortality in intensive care patients (25). 

This meta-analysis found a consistent association 

between increased measures of glycemic variability 

and higher short-term mortality. In studies where 

MAGE was used, MAGE was 0.24 mmol/L higher 

(95% CI: –0.23 to 0.70) in patients who died compared 

to survivors. Additionally, for every 1 mmol/L increase 

in MAGE, the adjusted odds of mortality increased by 

4% (aOR: 1.04; 95% CI: 1.01–1.08), while patients in 

the highest quartile of MAGE had a 61% higher risk of 

mortality than those in the lowest quartile (aOR: 1.61; 

95% CI: 1.01–2.56). These findings emphasize that 

higher glycemic variability, as measured by MAGE, 

is associated with an increased risk of mortality in 

critically ill patients. Although the certainty of the 

evidence is low and should be interpreted cautiously, 

this reinforces the importance of monitoring and 

minimizing glycemic variability as a potential strategy 

to improve patient outcomes.

Figure 1. Receiver operating characteristics curve for ability of 
the MAGE to identify mortality

Definition of abbreviations: MAGE: mean amplitude of glycaemic 
excursions

Figure 2. 28th-day mortality of the patients according to the 
glycemic variability and diabetes mellitus status

Definition of abbreviations: GV: Glycaemic variability, DM: Diabetes 
mellitus
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In our study, non-diabetic patients with high glycaemic 

variability had higher mortality than diabetic patients. 

Krinsley et al. conducted a crucial study that compared 

the impact of glycaemic variability on mortality in 

critically ill patients who were grouped based on 

their DM status (26). In this study, mean capillary 

blood glucose level (MGL) and coefficient variation 

(%, standard deviation/MGL) measured during ICU 

stay were used to assess GV. Supporting the results 

of our study, GV was found to have a strong and 

independent relationship with mortality in patients 

without DM, whereas this relationship was not found 

in patients with DM. The mechanism of high glycemic 

variability may have a worse effect on the survival 

of non-diabetic patients than those with DM during 

critical illness is not well known. Patients with DM 

may have developed a tolerance to the cellular and 

microvascular complications caused by high blood 

sugar levels. On the other hand, sudden changes in 

glucose levels may trigger a cytokine storm in patients 

without DM. Additionally, non-diabetic patients may 

require a higher release of cytokines or hormones 

than diabetic patients in response to the same level of 

glucose change, which could be linked to the severity 

of the disease and the risk of mortality. Our study 

found no difference between APACHE-II in high and 

low GV groups. Although this supports the hypothesis 

of tolerance to glycaemic complications, we cannot 

make a clear statement since we did not perform 

multivariable logistic regression analysis. 

The study has limitations that need to be considered 

while interpreting the results. First, the retrospective 

nature of the study inherently limits control over data 

quality and the capacity to account for all potential 

confounders. Second, the relatively small sample 

size may restrict the generalizability of the results. 

Furthermore, although nutritional support was 

provided to meet daily caloric requirements (25–30 

kcal/kg/day), patients could not be consistently 

categorized according to the route of nutrition 

(enteral or parenteral) due to practical constraints 

in adhering to a single method throughout the ICU 

stay. This variability in nutritional strategies may have 

impacted glycemic variability and mortality outcomes. 

Additionally, the number and timing of blood glucose 

measurements were not standardized. Measurements 

were conducted four to six times daily, based 

on clinical requirements, with adjustments made 

according to the patient’s condition. On the other hand, 

irregular timing may affect the precision of variability 

evaluations, and fewer measurements may result in 

an underestimation of glycemic variability. Because of 

variations in metabolic reactions and dietary factors, 

acute and chronic stages of illness may show different 

patterns of glycemic fluctuation. These limitations 

will be addressed in future prospective studies that 

examine feeding patterns and routine blood glucose 

testing schedules. Lastly, the study did not account 

for possible confounding variables that can impact 

glycemic control, such as the severity of the condition 

and the use of other drugs. In conclusion, this study 

highlights the importance of GV as a determinant 

of mortality in critically ill patients; a higher GV is 

associated with an increased risk of death, which 

is particularly evident in non-diabetic patients. 

These findings contribute to the ongoing debate 

about glycemic management in critical care. Future 

researchs should focus on developing strategies to 

reduce GV in critically ill patients.
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