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Abstract
Objective: To retrospectively investigate the possible effects of COVID-19 disease on the hemoglobin
Alc (HbAlc) levels of non-diabetic adults.

Methods: This study was carried out by scanning the files of 19 non-diabetic adult men and 15 women
diagnosed with COVID-19, aged 18-80, who applied to Faculty of Medicine, Ataturk University between
2018-2022.

Results: After screening, the HbA lc levels of the participants were recorded both before and three mont-
hs after the diagnosis of COVID-19. The paired samples #-test was used to compare the variations in
HbAlc values before and after COVID-19 in both male and female participants. The significance level
was evaluated as P<0.05. As a result of statistical analysis, the present study demonstrated that the total
HbA1c values of both male and female participants increased significantly after COVID-19 (P<0.05). In
addition, it was observed that the total HbAlc value augmented after COVID-19 compared to before the
COVID-19 period, regardless of gender.

Conclusion:The HbA 1¢ levels of adults without non-diabetic have increased after COVID-19 disease. It
may result in a negative reflection on the glycemic profiles of the participants.
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1 INTRODUCTION symptoms and even death'". Severe acute respiratory
COVID-19 is an infection with clinical manifestations  syndrome coronavirus 2 (SARS-CoV-2) has spread
that ranges from asymptomatic to severe respiratory  worldwide as an Omicron variant. This variant is a
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heavily mutated virus and has been designated an
alarming variant by the World Health Organization .

Diabetes is recognized as a worldwide public health
problem due to its rising prevalence and its associa-
tion with development of various diseases, including
stroke, kidney failure, and heart disease”’. Glycemic
management is even more critical for patients with
both diabetes and COVID-19, as diabetes has been
reported to be associated with a poor prognosis of
COVID-19"*". Evidence shows better glycemic control
is closely associated with improved clinical outcomes
in COVID-19 patients'®”. At the same time,whether
COVID-19 contributes to hyperglycemia is still con-
dused™. A previous study suggests that the pancreas
could be the target of a coronavirus attack since
coronavirus was detected in the pancreas”. Another
study find that the coronavirus damaged the endocrine
part of the pancreas. This shows that coronavirus can
cause acute insulin-dependent diabetes mellitus'”.

Although many studies indicated that diabetes is
a significant risk factor for COVID-19, the impact of
COVID-19 infection on glycemic parameters, including
blood glucose and glycosylated hemoglobin Alc
(HbA lc), remains unclear''. HbAlc stands for glycated
hemoglobin which occurs when glucose (sugar) in the
body attaches to red blood cells.

The rapid worldwide spread of COVID-19 and its
Omicron variant as well as the necessity of continually
improved knowledge about glycemic management during
coronavirus infection prompted us to undertake such a
study.

The literature review found there is no study on the
quantitative evaluation of HbAlc in individuals diagnosed
with COVID-19. This study is to retrospectively investigate
the possible effects of COVID-19 on HbAlc levels and,
thus, on the glycemic index in adult individuals without a
diagnosis of diabetes.

2 MATERIALS AND METHODS
2.1 Design of the Study

This study was retrospective, single-center and the
multidisciplinary case-control, conducted by scanning
the files of 19 male and 15 female cases (aged 18-80)
with diagnosis of COVID-19 (outpatient or inpatient
treatment). All files belong to the archives of Atatiirk
University, Faculty of Medicine, Department of Chest
Diseases and Department of Medical Biochemistry in
2018-2022.

The criteria for case file included in the study are as
follows: (1) Aged between 18-80 years old; (2) Non-
diabetic, with HbAlc level measured before diagnosed
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with COVID-19; (3) Non-diabetic, measuring HbAlc
level 3 months after the diagnosis of COVID-19;
(4) Case files without any disease such as diabetes,
hypertension, neurodegenerative disease, head trauma,
alcohol and drug addiction, epilepsy.

2.2 Population and Sample of the Research

For the 15% difference in sensitivity between 0.80
and 0.95 to be significant in COVID-19 screening, 30
patients were calculated with the NCSS / PASS program
at 80% power and 95% confidence level. According to
the calculated power analysis, the study involved 34
male and female case files between 18-80 diagnosed
with COVID-19 and met the criteria. Case files were di-
vided into before and after COVID-19 diagnosis, HbAlc
data were obtained by electronically scanning the files
of both chest diseases and the biochemistry department.
Some cases, especially those containg HbAlc data
before COVID-19, were accessed electronically via the
e-pulse data system of the Ministry of Health.

2.3 Ethical Statement

Before the study, permission was obtained from the
Atatiirk University Faculty of Medicine Clinical Research
Ethics Committee (Number: B.30.2.ATA.0.01.00/170).
In addition, individuals who agreed to participate in the
study were asked to read and sign the informed consent
form, which was carried out following the Principles of
the Declaration of Helsinki.

2.4 Statistical Analysis

Data were expressed as mean+SD in bar graphs, and
individual variations in HbAlc values before and after
COVID-19 were shown in scatter plot graphs. First,
using the Shapiro-Wilk test to determine whether the
data showed a normal distribution. Thethe Shapiro-Wilk
test results showed that the data distribution was normal
(P>0.05). Therefore, paired samples #-test was used to
compare the variations of HbA ¢ values before and after
COVID-19 in both male and female participants. The
significance level was evaluated as P<0.05.

3 RESULTS

Figure 1A showed the variation on HbAlc value total
score (mean+SD) before and after COVID-19 in male
participants. Figure 1B showed individual changes in
HbA ¢ values in male participants. It was observed that the
total HbA 1c values of 19 male participants had significantly
increased [£,,=6.051, P=0.003,1,’=0.67].

The change in the total score (mean+SD) of the HbAlc
value before and after COVID-19 in female participants
was shown in Figure 2A, while the individual changes in
the HbAlc value in female participants were shown in
Figure 2B. Compared to before the COVID-19 period, the
total HbAlc value of 15 female participants statistically
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Figure 1. Comparison of HbA1c values in male (mean age: 61.00+11.41 years) participants before and after COVID-19.
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Figure 2. Comparison of HbA1c values in female participants (mean age: 55.53+10.78 years) before and after COVID-19.
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Figure 3. Comparison of HbA1c value before and after COVID-19 without gender discrimination (mean age: 58.58+11.31

years).

significantly improved after COVID-19 [7,,=3.331,
P=0.004,1,’=0.44].

Figure 3A showed the change in the total score
(mean+SD) of the HbAlc value before and after
COVID-19 and the individual changes in the HbAlc value
showed in Figure 3B. According to the figures mentioned
above, a statistically significant difference was found in
the comparison of the HBAlc (%) value before and after
COVID-19, regardless of gender (34 people in total)
(£3375.590, P=0.001, np2=0.48). Compared to the pre-
COVID-19 period, it was observed that the total HbAlc
value increased after COVID-19.

4 DISCUSSION

Our study observed a significant increase in the total
HbA1c values of both male and female participants
(P<0.05). It has been observed that the total HbAlc
value increased after COVID-19 compared to pre-
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COVID-19, regardless of gender.

HbAlc is a marker formed due to slow and non-
enzymatic glycosylation of hemoglobin. It was used to
evaluate glycemic control as it reflects the average glucose
level during the long term'"”. A study by Yang et al.""”
demonstrated that the coronavirus can damage the pancreas,
potentially leading to acute insulin-dependent diabetes
mellitus.

Although many studies suggested that diabetes is
a significant risk factor for COVID-19, the impact of
COVID-19 infection on glycemic parameters, such as
blood glucose and HbA Ic, remains unclear'"”.

To the best of our knowledge, this study is the first to
investigate HbAlc levels in adult individuals diagnosed
with COVID-19 and without diabetes. According to the
outcome data of HbAlc values, our study provides the
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initial evidence suggesting that COVID-19 may have a
positive effect on blood glycemia level.

Similar to our study, many studies investigated a
general linear relationship between the increased glucose
levels and the severity of COVID-19"*"". Some studies
also reported that the increase in blood glucose levels
(hyperglycemia) might be a cause that increases the body’s
susceptibility to pathogenic infection and inflammation in
diabetes patients!"®.

Hyperglycemia may exacerbated the symptoms of
COVID-19, especially in patients without diabetes. In the
first studies, an increasing in cytokine levels was detected
before inflammation, indicating that this increase may be
associated with SARS-CoV-1 infection' """

Furthermore, many studies have reported that
hyperglycemia or diabetes was an independent risk factor
that worsens the prognosis of the disease and could
cause death in patients with many infectious diseases
such as SARS and COVID-19""*¥. Current research
showed a high increase in cytokine levels such as IFNy,
IL1p, and IL6 in COVID-19 patients™?". In another
study, hyperglycemia was found to elevate levels of
inflammatory cytokine and oxidative stress, potentially
idsrupting the balance between inflammatory and anti-
inflammatory cytokines””. Additionally, studies indicated
that innate immune responses to infection are altered
by acute hyperglycemia, which may partly explain the
poor outcomes in COVID-19 patients who develop
hyperglycemia***”.

4.1 Limitations of the Study

The study had several limitations due to the
retrospective scanning of case files and unpredictable
pandemic risks. Firstly, because all data were obtained
from patient cohorts, HbAlc values were unavailable in
all individuals without a history of diabetes before the
pandemic. However, when we look at the power analysis
of our study, the number we could reach was sufficient.
Secondly, the HbAlc values of the patients who were
not diagnosed with diabetes but might have prediabetes
can be reached. Therefore, we recommend that a study
be conducted in larger cohort groups, in which a detailed
distinction is made in diabetes and even in diabetes cases
are included.

5 CONCLUSION

Based on this study, the positive correlation was iden-
tified between COVID-19 patients and HbAlc levels in
non-diabetic adults diagnosed with COVID-19 . This
suggested that the HbA 1¢c level was elevated in case files
who diagnosis of COVID-19. Furthermore, it also raised
HbA1c levels and leading to an increasing in glycemia
levels.
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