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Abstract

Background: Since the COVID-19 pandemic began around the world, many studies have been
conducted on various aspects of the disease in adults and children, but limited research has been done
on blood glucose changes caused by COVID-19. So, this study was conducted to investigate blood
glucose changes in children with COVID-19 hospitalized in the pediatric intensive care unit (PICU),
comparing it with children hospitalized for other reasons.

Methods: This case-control study was performed on 30 COVID-19 children (group 1) during the
pandemic and 29 children (group 2) who were admitted to PICU, before the prevalence of COVID-19.
The control group was the same as the case group regarding age, sex, length of hospitalization, and
treatment measures. Children with metabolic diseases and malignancy were excluded from the study.
The data were analyzed by SPSS version 26 using chi-square and independent t-tests.

Results: Out of 59 participants, two patients had low blood sugar (BS), and one had high BS; notably,
all three were in group 1. This difference was not statistically significant. Furthermore, 76.7% of
children with COVID-19 and 86.2% of the other group had normal BS. The frequency distribution of
BS levels in the two groups was not related to the age, gender, and hospitalization period of children.

Conclusion: This study revealed that children with COVID-19 hospitalized in PICU did not have
significant BS changes compared to those hospitalized before the pandemic. In addition, gender,
duration of hospitalization, and COVID-19 medication did not significantly affect blood sugar
changes.
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1- INTRODUCTION

Since December 2019, the rapid
spread of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
from China has caused a novel pneumonia
called COVID-19 (1, 2). The World
Health Organization (WHO) declared it as
a public health emergency of international
concern (3). Some studies have shown that
this disease appears mostly asymptomatic
or mild in affected children (4).

According to the studies conducted in
China, 86.6% of COVID-19 cases were
over 30 years old, and 2.1% were under
20. (5) Children under five years of age
are more likely to be infected with a
severe form of COVID-19 (3-6).

COVID-19 has uncertain effects on
multiple organs. Also, the impact of this
disease on endocrine systems has not been
studied, and its specific metabolic side
effects have yet to be entirely determined.
()

Diabetes can affect the immune response
to pathogens and thus make patients more
vulnerable to infections. Diabetic patients
are at higher risk of infection than healthy
controls; and this is even higher in Type 1
diabetes mellitus (T1D) children than in
those with Type 2. (8)

BS control is crucial in patients with
COVID-19 and those without it (9). The
relationship between diabetes mellitus and
its harmful outcomes in viral infections is
not unexpected because the increase in BS
is decisive in controlling viremia,
inflammation, and the mortality of patients
(10).

Appropriate control of BS is closely
related to improving clinical outcomes in
patients with COVID-19 (11, 12).
However, the extent of the impact of the
severity of COVID-19 on the effective
parameters of BS and HBALC is unknown
(13). One study demonstrated that
COVID-19 leads to increased BS in

patients with no history of diabetes and
use of glucocorticoids (14). There is an
unknown relationship between the severity
of COVID-19 and increased BS,
especially in children, so the infection of
COVID-19 may lead to insulin resistance
by creating stress and increasing pro-
inflammatory cytokines (11). In one study,
acute hyperglycemia in the intensive care
unit was reported to be more dangerous
for people without diabetes than with it
(12). Some studies have suggested that the
pancreas may be the target of the SARS-
CoV-2 virus, so this virus damages the
endocrine glands of the pancreas. And it
can lead to acute insulin-dependent
diabetes (13, 14). This issue is probably
one reason for BS increase in patients with
COVID-19 without a previous history of
diabetes (11). Insulin resistance may also
be another reason for increased BS in
patients with COVID-19 (12). A study in
China indicated a strong relationship
between the severity of COVID-19 and BS
(11). However, in some other studies, the
increase in BS was reported independent
of the history of diabetes (15, 16).

Although several studies have been
conducted on BS changes in adults with
COVID-19 since the  pandemic's
beginning, children have received less
attention in this field. There is very little
data on BS changes in children under 18
years of age during the pandemic. We
conducted the present study to compare
the average BS and its changes in children
under 18 years of age with COVID-19
hospitalized in the PICU.

2- MATERIALS AND METHODS

In this case-control study, the
information related to children
hospitalized in the PICU department was
extracted from the children's research
database of Shahid Sadoughi Hospital in
Yazd. The data included age, gender,
medication, clinical symptoms, duration of
hospitalization, invasive procedures, and
COVID-19 status for the case group
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(suspected, definite, probable). The case
group of this study included The PICU
patients with COVID-19 and the control
group composed of all children under 18
years of age with negative COVID-19
hospitalized in PICU from January 2019 to
March 2021.

The target population included 59 children
hospitalized in PICU, of which the census
selected 30 children with COVID-19 from
February 2020 to July 2021(group 1), and
the rest were hospitalized with negative
COVID-19 (group 2). The control group
was matched with the case group
regarding age, gender, length of
hospitalization, and treatment. Patients
with metabolic diseases or malignancy
were excluded from the study. The mean
BS level of 100-140 mg/dl was considered
normal, 140-200 mg/dl suspicious, above
200 mg/dl hyperglycemia, and below 50
mg/dL hypoglycemia. The drugs used in

patients with COVID-19 (group 1)
included corticosteroids and remdesivir.
The information was coded and analyzed
by SPSS version 26, using mean and
standard  deviation, chi-square, and
independent t-test, at a significance level
of P value <0.05.

3- RESULT

Out of 59 studied children, 30 were in
group 1, and 29 were in group 2. The
results of the present study showed that
the classification of BS does not differ
between the two groups of PICU children.
The present study's findings showed that
in children hospitalized during the
COVID-19 pandemic, BS was normal in
76.7% of cases. In contrast, in the control
group, 86.2% of children had normal BS
before the pandemic (P-value = 0.381).
Although height and low BS level were
observed only in group 1, this difference
was not statistically significant (Table 1).

Table-1: Comparing frequencies of BS changes in two groups

Time Low Normal Suspicious High Total
Group 1 2 (6.7%) 23 (76.7%) 4 (13.3%) 1 (3.3%) 30 (100%)
Group 2 0 (0%) 25 (86.2%) 4 (13.8%) 0 (0%) 29 (100%)

The frequency distribution of BS levels in
both groups was not related to the age,
gender, and hospitalization period of
children (Table 2).

We observed hypoglycemia only in group
1 in both genders, and the chi-square test
did not show a significant difference (P-
value>0.05). In addition, hyperglycemia
was reported only in one patient in group
one, which did not lead to a significant
difference between the groups (Table 2).

4- DISCUSSION

To our knowledge, this is the first
study that compares mean blood sugar and
its changes in PICU children during
infection by COVID-19 with the non-
infected ones, before the pandemic. We

did not find a remarkable change in the
mean BS levels of the case and control
groups of children. The mean BS levels in
both groups were approximately the same.
A Chinese study conducted on 221 adults
with COVID-19 declared that severe
COVID-19 infection was extraordinarily
associated with increasing BS. They
reported that BS was remarkably higher in
patients with severe COVID-19 than in
those with mild COVID-19 (10). In
addition, Zhang et al. indicated that those
not diagnosed with diabetes experienced
an increase in BS after exposure to
COVID-19 (12). Furthermore, they
reported that 18 out of 21 severe COVID-
19 infected cases without diabetes had
very high BS rates (13).
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Table-2: Frequencies of BS changes in two groups based on demographic information, length of hospitalization, and drug use

. . Blood Sugar
VEITERE Time Low Normal Suspicious High Total PRI
Boy Groupl 1 (5.3%) 14 (73.7%) 3 (15.8%) 1 (5.3%) 19 (100%) 0.54
Gender Group 2 0 (0%) 16 (84.2%) 3 (15.8%) 0 (0%) 19 (100%)
Girl Group 1 1(9.1%) 9 (81.8%) 1(9.1%) 0 (0%) 11 (100%) 0.62
Group 2 0 (0%) 9 (90%) 1 (10%) 0 (0%) 10 (100%)
<7 day Group 1 2 (13.3%) 10 (66.7%) 2 (13.3%) 1 (6.7%) 15 (100%) 0.26
Group 2 0 (0%) 15 (83.3%) 3 (16.7%) 0 (0%) 18 (100%)
Duration of 7-14 day Group 1 0 (0%) 7 (77.8%) 2 (22.2%) 0 (0%) 9 (100%) 0.15
hospitalization Group 2 0 (0%) 8 (100%) 0 (0%) 0 (0%) 8 (100%)
>14 day Group 1 0 (0%) 6 (100%) 0 (0%) 0 (0%) 6 (100%) 0.13
Group 2 0 (0%) 2 (66.7%) 1 (33.3%) 0 (0%) 3 (100%)
<1 year Group 1 2 (25%) 5 (62.5%) 1 (12.5%) 0 (0%) 8 (100%) 0.32
Group 2 0 (0%) 5 (71.4%) 2 (28.6%) 0 (0%) 7 (100%)
1-3 year Group 1 0 (0%) 8 (100%) 0 (0%) 0 (0%) 8 (100%) 0.15
Group 2 0 (0%) 7 (77.8%) 2 (22.2%) 0 (0%) 9 (100%)
Age 3-5 year Group 1 0 (0%) 3 (75%) 1 (25%) 0 (0%) 4 (100%) 0.23
Group 2 0 (0%) 5 (100%) 0 (0%) 0 (0%) 5 (100%)
5-13 year Group 1 0 (0%) 6 (66.7%) 2 (22.2%) 1(11.1%) 9 (100%) 0.23
Group 2 0 (0%) 7 (100%) 0 (0%) 0 (0%) 7 (100%)
13-18 Group 1 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1 (100%) NA
Group 2 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1 (100%)
Drug usage With drug Group 1 0(0%) 7(30.4%) 1(25%) 0(0%) 8(26.7%) 0.73
Without drug Group 1 2(100%) 16(69.6%) 3(75%) 1(100%) 22(73.3%)
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Another study found that patients with
new-onset hyperglycemia caused by stress
or COVID-19 infection had poorer
outcomes than those with normoglycemia
or pre-existing diabetes (14).

Several studies have reported changes in
BS, especially hyperglycemia, proposing
several mechanisms in adults. It is
explained that the SARS-CoV and SARS-
CoV-2 attach themselves to the host cell’s
angiotensin-converting enzyme 2 (ACE2)
receptors and invade the cells (15). Many
human organs, including the respiratory
tract and the heart, show the ACE2 protein
(16). A study  proposed that
immunostaining in islets is stronger than
in exocrine tissues, suggesting that ACE2
protein may be present in islet B cells,
causing hyperglycemia through the
destruction of these cells (17).

Notably, there was a worse outcome for
COVID-19 patients with hyperglycemic
disorders. A recent study reported that
most cases of hyperglycemia were men.
ACE2 protein expression was almost three
times higher in men than in women. (18)

But in children, consistent with our
results, less hyperglycemia has been
reported in patients with COVID-19;
maybe the mechanisms proposed in adults
are not activated in children.

4-1. Limitations of the study
The present study had several limitations:

a) It was conducted in a single center and
used a retrospective design.

b) The sample size was relatively small.
Further research with a large sample size
is, thus, necessary to confirm our results.

c) Studies with detailed glycemic
parameters to determine the severity of
COVID-19 were limited, and we could
compare our findings with those of other
studies.

d) Treatments and medications used
during infection by COVID-19 are not
obvious.

Probably, it may impact the finding of
studies.

5- CONCLUSION

This study demonstrated that children
with COVID-19 hospitalized in PICU did
not have significant BS changes compared
to those hospitalized before the pandemic.
In addition, gender, duration of
hospitalization, and COVID-19
medication did not significantly affect
blood sugar changes.
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