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Ab s t r Ac t
Aim and background: Hyperglycemia is considered an adaptive metabolic manifestation of stress and is associated with poor outcomes. Herein, 
we analyzed the association between glycemic variability (GV) and hospital mortality in patients with coronavirus disease 2019 (COVID-19) 
admitted to the intensive care unit (ICU), and the association between GV and mechanical ventilation (MV), ICU stay, length of hospital stays, 
renal replacement therapy (RRT), hypoglycemia, nosocomial infections, insulin use, and corticosteroid class.
Materials and methods: In this retrospective observational study, we collected information on blood glucose levels during the first 10 days of 
hospitalization in a cohort of ICU patients with COVID-19 and its association with outcomes.
Results: In 239 patients, an association was observed between GV and hospital mortality between the first and last quartiles among patients 
without diabetes [odds ratio (OR), 3.78; confidence interval, 1.24–11.5]. A higher GV was associated with a greater need for RRT (p = 0.002), 
regular insulin (p < 0.001), and episodes of hypoglycemia (p < 0.001). Nosocomial infections were associated with intermediate GV quartiles 
(p = 0.02). The corticosteroid class had no association with GV (p = 0.21).
Conclusion: Glycemic variability was associated with high mortality in patients with COVID-19 and observed in the subgroup of patients 
without diabetes.
Clinical significance: Glycemic control in critically ill patients remains controversial and hyperglycemia is associated with worse outcomes. 
Diabetes mellitus (DM) is one of the most prevalent comorbidities in patients with COVID-19. In addition, they require corticosteroids due to 
pulmonary involvement, representing a challenge and an opportunity to better understand how glycemic changes can influence the outcome 
of these patients.
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Hi g H l i g H ts
• Glycemic variability (GV) was associated with high mortality in 

patients with COVID-19.
• This association was particularly observed in patients without 

diabetes.
• Higher GV was associated with a greater need for regular insulin.

in t r o d u c t i o n 
Hyperglycemia in critically ill patients is considered an adaptive 
metabolic manifestation of stress and is associated with poor 
outcomes.1,2 Guidelines recommend maintaining glycemic levels 
between 140 and 180 mg/dL in patients without diabetes.3,4 
However, it remains unclear whether this recommendation should 
be used in all patients, especially under premorbid conditions.5–7 
Besides hyperglycemia, glycemic variability (GV) is defined by the 
measurement of fluctuations of glucose over a given interval of 
time and is associated with morbidity and mortality, especially in 
patients without diabetes who seem to benefit from maintaining 
a glycemic level that varies less.5–10

A severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) epidemic started in December 2019.11 Comorbidities, age, 
and obesity are the conditions associated with an unfavorable 
evolution of the disease, mainly represented by acute respiratory 
distress syndrome (ARDS).12,13 Fasting plasma glucose and glycated 
hemoglobin (HbA1c) levels upon admission are also predictors of 

mortality in patients with coronavirus disease 2019 (COVID-19) or 
ARDS.14,15 Glycemic variability has rarely been studied in this group 
of patients, but it seems to be an independent factor associated with 
worse outcomes, although there is still no consensus regarding its 
magnitude.16–18
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Diabetes mellitus (DM) is one of the main factors associated with 
an unfavorable prognosis.19,20 Studies have shown that COVID-19 
can amplify hyperglycemia in patients with type-2 diabetes.21,22 
Moreover, epidemiological observations have shown that the risk 
of fatal outcomes increases by 50% for these patients.23 Elevated 
glycemia levels can increase the concentration of glucose secreted 
in the airway, thereby reducing the defense capacity of the 
epithelium and worsening pulmonary inflammation.24

Corticosteroids are routinely used in patients requiring oxygen 
who are admitted to hospitals and in need of critical care, further 
exacerbating hyperglycemia and increasing insulin use to control 
these oscillations.18,25,26

In this study, we investigated the association between GV and 
mortality and other relevant clinical outcomes in critically ill patients 
affected by SARS-CoV-2.

MAt e r i A l s A n d Me t H o d s
Between 1 May 2020 and 31 January 2022, a total of 580 patients 
were admitted to the intensive care unit (ICU) with a diagnosis 
of SARS-CoV-2 infection, confirmed by reverse transcription 
polymerase chain reaction (RT-PCR) or antigen, associated with 
severe pulmonary infiltrate and oxygen need. The analysis excluded 
119 patients who died or were discharged within 72 hours, four 
patients diagnosed with diabetic ketoacidosis or hyperosmolar 
hyperglycemic state, 111 patients who were hospitalized for 
other reasons unrelated to COVID-19, five patients aged below 
18 years, 102 patients with acute respiratory failure with negative 
PCR or negative antigen test results. Finally, 239 patients were 
included (Fig. 1). The study was analyzed and approved by the 
Ethics Committee of the University of Caxias do Sul Foundation 
under the Certificate of Ethical Presentation and Appreciation 
39177320.6.0000.5341.

Data related to severity scores were collected and represented 
using the simplified acute physiology score 3 (SAPS-3) and 
sequential organ failure assessment (SOFA).27,28 Epidemiological 
data, including age, body mass index (BMI), and comorbidities, were 
also recorded. Obesity was defined by a BMI ≥ 30. The comorbidities 
analyzed included systemic arterial hypertension, cancer, acquired 
immunodeficiency syndrome, DM, congestive heart failure, chronic 
renal failure, chronic obstructive pulmonary disease, alcoholism, 
and other comorbidities that represented pathologies that were not 
previously listed. Each comorbidity was added and separated into 

the following three categories: Absence of comorbidities (0), one 
to two comorbidities (1, 2), and three or more comorbidities (≥3).

The blood glucose levels available in the electronic medical 
records for the first 10 days of ICU hospitalization were analyzed. 
The coefficient of variability (CV) was calculated as the ratio of the 
standard deviation (SD) to the glycemic mean of each patient, which 
was multiplied by 100 (CV = SD/glycemic mean × 100).9 Patients 
were divided into variability quartiles that were calculated from the 
total number of the samples obtained, which were represented as 
≤19, 20–27, 28–34, and ≥35%.

Blood glucose levels were determined using a specific 
glucometer for measuring capillary blood glucose (Accu-Check®, 
Roche). Values above 180 mg/dL were considered hyperglycemia.4 
A glycemic control protocol aimed at maintaining levels between 
140 and 180 mg/dL was applied, as assessed by the medical team.

The main outcomes were death or hospital discharge related to 
different CV quartiles. The need for renal replacement therapy (RRT) 
in the ICU, use and duration of mechanical ventilation (MV), length 
of stay in the ICU and hospital, episodes of hypoglycemia (blood 
glucose <60 mg/dL) at any time during the 10 days of glycemic 
analysis, number of nosocomial infections during ICU stay, and use 
of corticosteroids and insulin class were related to different quartiles 
of variability; all of these were considered as secondary outcomes. 
Insulin and corticosteroids were considered the predominant class 
during the first 10 days of evaluation. In addition, the outcomes 
of the subgroups of patients with and without diabetes and their 
associations with variability quartiles were analyzed.

Statistical Analysis
Continuous variables are presented as median and interquartile 
range (IQR). Categorical variables are presented as percentages. 
The normality of the tests was analyzed using the Shapiro–Wilk 
test. An independent t-test was used for the analysis of parametric 
variables, and the Mann–Whitney U test was used for continuous 
non-parametric variables. Categorical variables were analyzed 
using the Chi-square test or Fisher’s exact test. Binomial logistic 
regression was used to verify independent causal relationships 
with patient deaths. The Kruskal–Wallis test was used to compare 
three or more independent groups evaluated using a quantitative 
variable without a normal distribution. Kaplan–Meier survival curve 
with log-rank test was used for each group for the 28-day outcome. 
For all tests, a p-value below 0.05 was considered significant. 
Statistical tests were performed using statistical package for the 

Fig. 1: Flowchart of patients
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social sciences (SPSS) (IBM Corp.; Released 2015. IBM SPSS Statistics 
for Windows, version 23.0. Armonk, NY: IBM Corp.) and JAMOVI 
(The jamovi project (2022). jamovi (version 2.0) (Computer software). 
Retrieved from https://www.jamovi.org.

re s u lts
The median age of the patients was 60 years (IQR, 48–68). Most 
patients had one or two comorbidities (57%). During ICU stay, 
82% of the patients required MV, with a median MV time of 15 
days (IQR, 8–23). The maximum CV was 61%. The preferred class of 
corticosteroids was dexamethasone, and only 11% of the patients 
did not use any class of corticosteroids. 

Patients with a higher CV were also associated with a greater 
need for MV and higher values of SAPS-3 and SOFA, mainly between 
the first and last quartiles. Obesity and BMI were similar across all 
the quartiles (Table 1).

As we progressed to the quartiles of variability, the number 
of deaths increased (25 vs 65% in the first and last quartiles, 
p < 0.01) (Fig. 2). When RRT among patients in the first and 
last quartiles was analyzed, 9 and 34% required hemodialysis, 
respectively (p = 0.002). Hypoglycemia was also observed in 
the higher quartiles of variability, affecting 39% of patients in the 
highest quartile. The number of nosocomial infections was also 
higher in the second and third quartiles, in which more than half 
of the patients had nosocomial infections (Table 2).

The use of dexamethasone was predominant over the other 
classes of corticosteroids according to the variability quartiles; 
however, there were no significant differences between the use 
of a given corticosteroid and its respective CV (Table 3). The use of 
corticosteroid classes, compared to each other, was not associated 
with different CVs, even when not grouped by quartiles.

The analysis of the relationship between insulin and GV showed 
a greater frequency of regular insulin use in the upper quartile, 
representing 76.7% of the patients in this quartile, contrasting 

with hypoglycemia at some point, 0.4% in the group that used 
only neutral protamine Hagedorn (NPH) insulin, and 3.4% when 
no insulin scheme was used.

We performed an a priori model of binomial logistic regression 
with the SAPS-3 score, SOFA score, age, obesity, number of 
comorbidities, and DM, with CV [odds ratio (OR), 1.03; p = 0.04, 
confidence interval (CI), 1.00–1.06), and age (OR, 1.03; p = 0.007; CI, 
1.009–1.06)] as independent mortality factors. When we performed 
an analysis comparing variability quartiles in the same model, an 
independent mortality relationship between the first and fourth 
quartiles was evident (OR, 3.34; p = 0.01; CI, 1.27–8.74) (Table 4). CV 
was not associated with mortality among patients with diabetes, 
even when different quartiles of variability were analyzed. However, 
patients without diabetes showed a tendency toward increased 
mortality (p = 0.06; CI, 0.99–1.07), and between the first and last 

Table 1: Baseline patient characteristics by glycemic variability quartiles
Quartile 1

≤19%
Quartile 2
20–27%

Quartile 3
28–34%

Quartile 4
≥35% p

Number of patients, n (%) 56 (23) 63 (26) 59 (25) 61 (26) –
Age, median (IQR) 48 (37–65)a 62 (48–74)a 59 (53–68)a 64 (56–67)a <0.001*
Gender

Female, n (%) 28 (50) 27 (42) 23 (39) 27 (44)
0.69

Male, n (%) 28 (50) 36 (58) 36 (61) 34 (56)
DM, n (%) 3 (5)a 9 (14)b 24 (41)ab 30 (49)ab <0.001*
Number of comorbidities

0, n (%)
1–3, n (%) 
≥3, n (%)

26 (46) 
28 (50)

2 (4)

21 (33) 
33 ( 52) 

9 (15)

7 (12)
45 (76) 

7 (12)

 
10 (10)
31 (51)
20 (39)

<0.001*

BMI, median (IQR)† 30 (26–38) 29 (25–35) 33 (27–34) 31 (25–37) 0.69
Obesity, n (%)† 28 (50) 30 (48) 29 (49) 32 (52) 0.86
SAPS-3, median (IQR) 52 (43–62)a 59 (50–68) 57 (48–67) 63 (52–70)a 0.007*
SOFA, median (IQR) 3 (3–6)a 5 (3–6) 6 (3–7)a 4 (4–8)a 0.002*
MV, n (%) 36 (64)a 55 (87)a 50 (84) 55 (90)a 0.001*
BMI, body mass index; DM, diabetes mellitus; IQR, interquartile range; MV, mechanical ventilation; SAPS-3, simplified acute physiology score 3; 
SOFA, sequential organ failure assessment. *p < 0.05 is considered statistically significant. Continuous and ordinal variables were compared using 
the Kruskal–Wallis test, with Dwass–Steel–Critchlow–Fligner multiple comparisons test. Categorical variables compared using the Chi-square test. 
aStatistically significant difference between quartile 1 compared to other quartiles. bStatistically significant difference between quartile 2 compared 
to other quartiles. †BMI information was not obtained for 6 patients in quartile 1, 2 patients in quartile 2, 4 patients in quartile 3, and 4 patients in 
quartile 4

Fig. 2: Glycemic variability and death

https://www.jamovi.org
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quartiles, there was an independent association with mortality (OR, 
3.78; p = 0.01; CI, 1.24–11.5).

The 28-day mortality survival curve showed a statistically 
significant difference between the first and second quartiles and 
the first and fourth quartiles of variability (Fig. 3).

di s c u s s i o n
This cohort study found an independent association between 
mortality and GV, especially when analyzed in the highest quartile. 

Table 2: Patient outcomes by GV quartiles
Quartile 1

≤19%
Quartile 2
20–27%

Quartile 3
28–34%

Quartile 4
≥35% p-value

Death, n (%) 14 (25)a 32 (51)a 32 (54)a 40 (65)a <0.01*
Days on MV, median (IQR) 10 (4–18) 16 (8–26) 16 (11–26) 15 (8–22) 0.19
RRT, n (%) 5 (9)a 8 (12)b 14 (24) 21 (34)ab 0.002*
Length of stay in ICU, Median (IQR) 10 (4–18) 16 (8–26)  16 (11–26) 15 (9–22)  0.054
Length of stay in hospital median (IQR) 16 (9–32) 20 (12–34) 21 (13–30)   18 (11–28) 0.47
Hypoglycemia, n (%) 0a 3 (5)b 6 (10)c 24 (39)abc <0.001*
Nosocomial infections, n (%) 17 (30)a 33 (52)a 31 (52)a 26 (43) 0.02*
ICU, intensive treatment unit; IQR, interquartile range; MV, mechanical ventilation; RRT, renal replacement therapy. *p < 0.05 was considered 
statistically significant. Continuous and ordinal variables were compared using the Kruskal–Wallis test, with Dwass–Steel–Critchlow–Fligner multiple 
comparisons test. Categorical variables were compared using the Chi-square test. aStatistically significant difference between quartile 1 compared 
to other quartiles. bStatistically significant difference between quartile 2 compared to other quartiles. cStatistically significant difference between 
quartile 3 and quartile 4

Table 3: Corticosteroid and insulin use according to GV quartiles
Quartile 1

≤19%
Quartile 2
20–27%

Quartile 3
28–34%

Quartile 4
≥35% p-value

Insulin use <0.001*
None, n (%) 49 (20.9) 37 (15.9) 19 (8.1) 13 (5.6)
IR IB, n (%) 6 (2.6) 19 (8.1) 34 (14.5) 46 (19.7)
NPH, n (%) 1 (0.4) 4 (1.7) 5 (2.1) 1 (0.4)

Corticosteroid 0.21
None, n (%) 10 (4.2) 9 (3.8) 1 (0.4) 6 (2.5)
Dexamethasone, n (%) 39 (16.4) 49 (20.6) 50 (21) 50 (21)
Methylprednisolone, n (%) 5 (2.1) 3 (1.3) 3 (1.3) 4 (1.7)
Hydrocortisone, n (%) 2 (0.8) 2 (0.8) 4 (1.7) 1 (0.4)

IR IB, regular insulin in infusion pump; NPH, neutral protamine hagedorn. Variables were compared using the Chi-square test. *p < 0.05 considered 
statistically significant. One piece of data was lost on the corticosteroid class in the 28–34% quartile

Table 4: Prognostic factors compared by quartile of variability
Confidence Interval 95%

Variable OR p-value  Inferior limit Superior limit
CV

Quartile 1–2
Quartile 1–3
Quartile 1–4

2.04
2.10
3.34

0.11
0.12
0.01*

0.83
0.82
1.27

4.98
5.41
8.74

SAPS-3 1.02 0.18 0.98 1.05
Obesity 0.72 0.31 0.39 1.34
SOFA 1.09 0.24 0.94 1.27
Age 1.03 0.01* 1.00 1.06
Comorbidities
Diabetes

1.21
1.37

0.53
0.45

0.66
0.59

2.20
3.17

Bivariate logistic regression with calculation of risk factors for hospital 
mortality predefined model with prognostic factors previously analyzed 
in observational studies. *p < 0.05 considered statistically significant; VC, 
coefficient of variability; Quartile 1, ≤19%; Quartile 2, 20–27%; Quartile 3, 
28–34%; Quartile 4, ≥35%

Fig. 3: The 28-day survival analysis for quartiles of coefficients of 
variability with log–rank test
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Our findings are similar to those of the previous studies that 
demonstrated GV as a factor associated with worse outcomes 
in patients with COVID-19. Chen et al. analyzed four levels of GV 
adjusted for other confounding factors during the first week of 
hospitalization and demonstrated that a higher level of variability 
was associated with mortality and progression to ARDS.17 Hartmann 
et al. studied patients with ARDS caused by COVID-19 and found 
an association between GV and mortality.16 Oscillations in glycemic 
levels may correlate more with inflammatory damage than isolated 
or constant hyperglycemic episodes, making CV an amplifying 
factor for these alterations.5,29 This was evident when we compared 
the variability quartiles, where higher quartiles, which represented 
greater glycemic fluctuations, demonstrated greater complications 
in addition to an independent relationship with mortality. Similar 
to other studies,30–32 our analysis demonstrated the influence of 
greater GV on acute renal failure and the need for RRT. The number 
of infections was higher in the intermediate GV values, which may 
be associated with lower survival in the highest quartile, leading 
to fewer episodes of infection. Other studies have shown this 
association of quartiles with increased mortality, but related to 
different variations.9

Our study showed a prevalence of 28% in patients with 
diabetes, similar to that in other epidemiological studies related to 
COVID-19.33 When we separately evaluated the CV of the subgroup 
of patients with diabetes, there was no relationship with mortality, 
even in higher quartiles, represented in our study by a CV of ≥35%. In 
the subgroup of patients without diabetes, we found an association 
between the highest quartile and mortality, which demonstrates 
the importance of previous diagnoses in the management of 
hyperglycemia in these patients. Several studies have revealed 
the importance of the premorbid state as a fundamental factor 
in glycemic control, as patients with diabetes may have a greater 
tolerance to hyperglycemia and greater oscillations.7,9,34–36

The main corticosteroid used in this cohort was dexamethasone, 
which has been used in the main clinical trials in patients with severe 
COVID-19; however, other corticosteroids are also used according to 
the particularity of each patient and may also have benefits.25,37,38 
The class of corticosteroids was not relevant for glycemic alterations; 
however, it cannot be inferred whether the use of corticosteroids 
influenced the variability owing to the small number of patients 
who did not use steroids during the analyzed period.

Insulin plays a fundamental role in the glycemic control of these 
patients; however, its use poses some risks, such as hypoglycemia 
and pro-inflammatory effects.39,40 This study showed an association 
between the different quartiles and an increasing prevalence of 
the use of continuous regular insulin for higher glycemic levels, 
which may be associated with greater episodes of hypoglycemia 
and consequent worse outcomes. Patients with diabetes presented 
with episodes of hypoglycemia in this study compared with other 
patients (27.2 vs 8.7%), even without using insulin (4.5%), which may 
be correlated with their high mortality. Work overload caused by the 
pandemic, associated with inadequate monitoring, could explain 
the high rates of hypoglycemia.

This study had some limitations. Besides its retrospective 
character, there was a large variation in the number of blood glucose 
levels measured in each patient; the measurements were performed 
using capillary blood glucose, which could influence the reliability 
of the values obtained.41 Many of these patients had prolonged 
hospitalization after a period in which the management of the 
pathology studied was modified, owing to a better understanding 

of its pathophysiology and greater experience. We could not rule 
out DM diagnosis before hospitalization, as it was measured based 
only on previous history or information from family members. 
HbA1c levels were not evaluated in critically ill patients, and 
this information may be useful for analyzing patients’ previous 
glycemic control. Corticosteroid dose could not be measured in 
the study, showing high variability. Nutritional intake and insulin 
administration were not quantified, and their relationship with 
episodes of hypoglycemia could not be ruled out.

co n c lu s i o n
Glycemic variability is an independent risk factor for mortality in 
critically ill patients with COVID-19; the higher the blood glucose 
level, the greater the mortality. However, GV does not seem to 
have the same effect in patients with diabetes. New studies that 
correlate different levels of GV with outcomes in patients with 
SARS-CoV-2 infection and their relationship with the premorbid 
state are required.

Clinical Significance
Glycemic control in critically ill patients remains controversial 
and hyperglycemia is associated with worse outcomes. Diabetes 
mellitus is one of the most prevalent comorbidities in patients 
with COVID-19. In addition, they require corticosteroids due 
to pulmonary involvement, representing a challenge and an 
opportunity to better understand how glycemic changes can 
influence the outcome of these patients.
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