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Aim: The pandemic has generated the need for COVID-19 patients to be treated as best as possible;
however, the effect of these treatments on glycemic control has not yet been taken into account. This
article aims to determine whether the daily variation of glucose is influenced by the use of corticoste-
roids in COVID-19 patients treated in Lima-Peru.
Methodology: A prospective cohort study was undertook, in which glucose was measured four times a
day in 53 patients hospitalized due to COVID-19. These values were associated with the use of corti-
costeroids and adjusted for other socio-educational variables, all by means of PA-GEE models.
Results: Nested multivariate analysis of daily glucose variation found that those using corticosteroids
increased the daily average glucose as well as the first and last glucose measurements, this is, at 6am and
10pm, respectively (all p-values <0.026). An increase in glucose levels was also observed in those with
diabetes (all p-values <0.001). In contrast, we found that there was a decrease in the last glucose
measurement of the day in obese patients (p-value ¼ 0.044).
Conclusions: The patients who used corticosteroids for the treatment of COVID-19 increased the average
glucose per day, especially in the first and last measurement.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
Introduction

The COVID-19 epidemic in Peru has one of the highest incidence
and mortality rates worldwide [1], higher in people with previous
pathologies, such as hypertension, obesity and type 2 diabetes
mellitus (T2DM) [2,3].

The RECOVERY study demonstrated that the use of dexameth-
asone reduces mortality in one fifth of COVID-19 patients requiring
oxygen therapy and in one third of patients requiring mechanical
ventilation [4], through a possible decrease in the inflammatory
cascade associated with the infection [5]. However, corticosteroid
therapy increases insulin resistance, the endogenous glucose
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production and the effect of counterregulatory hormones [6]. In
addition, it has been reported that, in hospitalized patients with
diabetes, the administration of corticosteroids produces an exac-
erbation of glycemic excursions [7,8] and generates sustained hy-
perglycemia [9]. On the other hand, stress mechanisms occur
during hospitalization, which worsen glucose control in diabetic
patients.

The association between hyperglycemia and adverse clinical
outcomes in critical and non-critical patients is well established. In
patients with diabetes, adequate glucose control reduces hospi-
talization days, multi-organ failure and mortality [10]. In this
context, clinicians face great challenges in the therapy of hospi-
talized patients with COVID-19 and diabetes, since they receive
dexamethasone on the one hand, with the aim of reducing
inflammation, and on the other hand, they must achieve adequate
glycemic control [11e13]. The present study seeks to determine
whether daily glucose variation is influenced by the use of corti-
costeroids in patients treated for COVID-19 in Lima-Perú.
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Materials and methods

Study design and patient population

A prospective cohort study was conducted, in which daily
capillary glucose was monitored four times, in 53 patients hospi-
talized due to SARS-COV-2 infection and who had received, as part
of the treatment, dexamethasone during their hospitalization in
COVID-19 wards of the National Hospital Arzobispo Loayza be-
tween July 1 and August 31, 2020. The study was approved by the
Ethics Committee and the Teaching and Research Office of the
National Hospital Arzobispo Loayza.
Procedures and variables

The following data were collected: age, gender, weight and
height, diabetes diagnosis, admission glucose, hemoglobin, he-
matocrit, glutamic oxaloacetic transaminase (GOT), glutamic py-
ruvic transaminase (GPT), creatinine, CRP and glycated hemoglobin
(only for patients with T2DM). During dexamethasone adminis-
tration, capillary glycemic was monitored four times a day (6 h,
12 h, 17 h and 22 h) and monitoring continued until 72 h after
dexamethasone discontinuation. Those patients who presented
with hyperglycemia were prescribed insulin treatment. All this
information was inserted into a data collection form (generated ad
hoc for this purpose); then, a first quality control of the data was
carried out (by another researcher), after which the information
was passed to the STATA statistical program (version 11.1), where a
second quality control was carried out (by the statistician). After
that, we proceeded with the analysis.
Statistical analysis

For the construction of Table 1, the frequencies and percentages
of the qualitative variables were obtained. For the description of the
quantitative variables, they were evaluated with the Shapiro Wilk
test and, according to the results, the best measure of central ten-
dency and dispersion of each variable was obtained. For the con-
struction of Tables 2 and 3, PA-GEE regressionwas used, taking into
account the day of hospitalization as the variable time, the Gaussian
family and the identity link function. With all these data, the co-
efficients, 95% confidence intervals (95%CI) and p-values were
Table 1
General characteristics of the study population.

General characteristics n (%)

Gender
Male 30 (56,6)
Female 23 (43,4)

Agea (years old) 57 (52e67)
Diabetes
Yes 27 (50,9)
No 26 (49,1)

BMIa (kg/m2) 29,1 (25,6e31,3)
Obesity
Yes 22 (41,5)
No 31 (58,5)

Laboratory tests at hospital admission
Serum glucosea (mg/dl) 140 (118e243)
Hemoglobina (gr/dl) 13.7 (12.9e14.6)
GOTa (U/L) 34 (24e51)
GPTa (U/L) 45 (28e68)
CRPa (mg/dl) 11.1 (4.8e20.4)
Serum creatininea (mg/dl) 0.75 (0.62e0.93)
HBA1ca (%) (N ¼ 27) 9.7 (7.1e12)

a Median and interquartile ranges, Hba1c: in diabetic patients.
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obtained (values less than 0.05 were considered statistically sig-
nificant, which is part of the criterion to pass the multivariate
statistics).

RESULTS

A total of 352 glucose measurements were obtained from the 53
patients. Of the patients, 56.6% were male, the median age was 57
(interquartile range: 52e67 years), 50.9% had diabetes and 58.5%
did not have obesity. In the diabetic patients, the median BMI was
29.1 (interquartile range: 25.6e31.3). The other general character-
istics are shown in Table 1.

When bivariate analysis was performed, it was found that those
receiving corticosteroids presented with a daily variation in glucose
at 6am (basal glucose increased by 23.9 mg/dl; 95% CI: 5.7e42.1; p-
value ¼ 0.010), 10pm (glucose increased by 46.5 mg/dl with respect
of the initial value; 95%CI: 20.3e72.6; p-value<0.001) and in the
daily average (basal glucose increased by 14.9 mg/dl; 95%CI:
1.7e28.1; p-value ¼ 0.026). The other glucose values were not
significantly altered. Table 2 and Fig. 1.

When nestedmultivariate analysis of daily glucose variationwas
performed, it was found that those using corticosteroids not only
increased the daily average glucose, but also the first and last
glucose measurement, that is at 6am and 10pm, respectively (all
values p < 0.026). In patients who had diabetes, there was also an
increase in the daily average glucose and in the 6am and 10pm
glucose. This increase was much more marked than in non-
diabetics. (all values p < 0.001). In the case of obese patients,
there was a decrease in the last glucose measurement of the day (p-
value ¼ 0.044). Table 3 and Fig. 2.

Discussion

In our findings, COVID-19 patients with a history of diabetes
presented with hyperglycemia when being admitted to the hospi-
tal. Given the prescription of dexamethasone as part of the treat-
ment during their hospitalization, it was evidenced that glucose
values could double throughout the day (especially in the first and
last measurements of the day); this was monitored with the
glucose self-monitoring control profile. Similarly, non-diabetic pa-
tients receiving dexamethasone also increased their blood glucose
levels, although to a lesser extent than diabetic patients.

Although the findings of the RECOVERY study [4] and a recent
meta-analysis [14] support the indication of dexamethasone in
patients with COVID-19 (requiring ventilation or oxygen require-
ment to reduce mortality); corticosteroid therapy with dexa-
methasone increases hyperglycemia [15]. Our findings suggest the
personalized risk/benefit assessment of this drug in patients with
diabetes and COVID-19.

In addition, corticosteroid therapy in patients with COVID-19
may precipitate the onset of diabetes in previously predisposed
individuals with “de novo diabetes " [16]. These findings are
extremely important, because in the current pandemic there are
many cases that are complicated by having diabetes, and many of
these patients use corticosteroid therapy.

It is reported that the values can double, this in a patient who
has values of 120 mg/dL could mean the reaching of values of more
than 200mg/dL; also, if a patient has 200 or 300 of glycemia, added
to an inadequate treatment, it could reach 400 or 600 mg/dL,
respectively. This could be very serious if it cannot be adequately
controlled. That is why clinical guidelines for the management of
hospitalized patients with diabetes recommend the use of insulin
therapy. In patients who do not require intensive care, the indica-
tion of a basal-bolus scheme for the management of hyperglycemia
is suggested [10,17]. All this should be taken into account by the



Table 2
Bivariate analysis of glucose variation as hospitalization days passed according to the use of corticosteroids in patients with COVID-19.

Daily variation of glucose Basal value Bivariate analysis P value

Glucose at 6 a.m. 134,1 (113,7/154,6) 23,9 (5,7/42,1) 0.010
Glucose at 12 p.m. 144,8 (119,8/169,9) 10,9 (�12,5/34,3) 0.363
Glucose at 5 p.m. 195,7 (159,3/232,1) �5,8 (�31,5/20,0) 0.659
Glucose at 10 p.m. 153,5 (123,5/183,6) 46,5 (20,3/72,6) <0.001
Daily average variation 165,5 (141,5/189,5) 14,9 (1,7/28,1) 0.026
Complete daily average variation 142,5 (111,5/173,6) 25,5 (�0,7/51,7) 0.056

The coefficients (left), 95% confidence intervals (within parentheses) and p-values (right) were obtained with PA-GEE regression, taking into account the day of hos-
pitalization as the variable time, the Gaussian family and the identity link function.

Fig. 1. Glucose at 6:00- Glucose at 12:00-Glucose at 17:00-Glucose at 22:00 -flexible average glucose-rigid average glucose.

Table 3
Nested multivariate analysis of glucose variation according to the use of corticosteroids in COVID-19 patients.

Associated variables Glucosa at 6am Glucose at 10pm Average glucose

Constant (basal) 92,9 (77,5/108,4) <0,001 105,2 (73,5/136,8) <0,001 113,4 (100,1/126,8) <0,001
Use of corticosteroids þ23,5 (þ5,8/þ41,2) <0,001 þ44,4 (þ17,0/þ71,7) 0,001 þ15,3 (þ2,0/þ28,7) <0,025
Having diabetes þ81,3 (þ53,4/þ109,2) <0,001 þ118,4 (þ87,0/þ149,8) <0,001 þ101,6 (þ70,5/þ132,8) <0,001
Obesity Excluded �34,9 (�68,8/�1,0) 0,044 Excluded

The coefficients (left), 95% confidence intervals (within parentheses) and p-values (right) were obtained with PA-GEE regression, taking into account day of hospitalization as
the variable time, the Gaussian family and the identity link function. Nestedmodels were used in each case (taking into account the p-value as the first step for decisionmaking
and the Wald test as the second).
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physicians and services of each health institution that is managing
patients with diabetes and COVID-19, evaluating their own reality,
generating their own management guidelines (based on those that
already exist and the results of new research), as well as gradually
adapting them.

In the United Kingdom, a meeting of experts on the manage-
ment of hyperglycemia in patients with diabetes and COVID-19
who receive dexamethasone, promotes the use of insulin therapy
schemes with greater insulin requirements and strict glycemic
control. Similar recommendations are suggested by another panel
of experts [16,18,19]. However, we still do not have clinical trials to
support decision-making [20]. Therefore, it is hoped that future
3

research will aim to evaluate this situation in controlled pop-
ulations, with differentiated management with corticosteroids in
diabetic and non-diabetic patients suffering from COVID-19 to
ratify that these alterations exist on a daily basis, and what would
be the best management for this situation, proposing different
forms of treatment.

One of our limitations in the study is not having glycated he-
moglobin A1c when the patients were admitted, which could un-
mask undiagnosed diabetes. Another of our limitations in the
context of clinical management is the limited number of glucose
controls for decision making. In addition, we have limitations of
retrospective and non-experimental studies themselves, which do
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not allow us to have all the variables or randomization. Lastly, the
dose and timing of administration of corticosteroids has not been
taken into account, these are important factors affecting blood
glucose values. In spite of all these limitations, the results are
extremely important, since they show a major problem in the
management of patients with diabetes and COVID-19 (which may
currently number over millions worldwide), hence, it is expected
that future research will be able to carry out this type of
investigation.

Based on the above, it is concluded that those patients who used
corticosteroids for the treatment of COVID-19 increased the average
glucose per day, especially in the first and last measurement. There
was also an increase in these glucose levels in those who had dia-
betes and those who were obese had a decrease in the last glucose
level of the day. In obese patients the reduced glucose values after
corticosteroids are unexpected and needs to be demonstrated in
futures researches.
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