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ABSTRACT

Background: The COVID-19 pandemic has been a global health problem with high morbidity and
mortality. In this study, it was aimed to compare the clinical and laboratory findings of patients
diagnosed with type 1 diabetes mellitus (T1D) during the pandemic and after the pandemic.
Method: This is a 30-month-single-center, cross-sectional study. The time between October 2020
and December 2021 was defined as the pandemic period, and between January 2022 and March
2023 as the post-pandemic period. During these periods, clinical and laboratory parameters of
pediafric patients diagnosed with T1D were compared at the time of admission.

Results: While 87 patients were diagnosed during the pandemic period, 86 patients were diagnosed
during the post-pandemic period. The rate of male patients diagnosed during the pandemic period
was significantly higher (56%, 36%, respectively, p=0.007). Anti-islet Cell antibody (ICA) positivity
was statistically significantly higher in those diagnosed during the pandemic period. (52.6%, 18.6%,
respectively, p<0.001). There was no difference between the groups in terms of hemoglobin A1C,
thyroid autoantibodies and fissue transglutaminase antibodies (p>0.05). C peptide levels were
significantly lower in those diagnosed during the pandemic period (0.39+0.4, 0.63%0.6, respectively,
p=0.021). Admissions with severe acidosis were more common during the pandemic than those
admitted after the pandemic (29.9%. 16.3%, respectively, p=0.151).

Conclusion: The numbers of children with T1D newly diagnosed in a secondary health center were
similar during and after the pandemic. In the pandemic period, admissions with autoantibody
positivity, low C-peptide and severe acidosis were more common.

Keywords: COVID 19, diabetes mellitus type 1, newly diagnosed

oz

Amag: COVID-19 salgini yUksek morbidite ve mortaliteye sahip kiresel bir saglik sorunu olmustur. Bu
calismada pandemi sirasinda ve pandemi sonrasinda tip 1 diyabet (T1D) tanisi alan hastalarin klinik
ve laboratuvar bulgulannin karsilastinimasi amaglandi.

Yontem: 30 aylik, tek merkezli, kesitsel bir calisma seklinde dizayne edilen bu ¢alismada Ekim 2020
ile Aralik 2021 arasi pandemi dénemi, Ocak 2022 ile Mart 2023 arasi ise pandemi sonrasi dénem
olarak tanimlandi. Bu iki ddnemde basvuran yeni tani alan TIDM hastalarinin klinik ve laboratuvar
parametreleri karsilastinildi.

Bulgular: Pandemi doneminde 87 hastaya tani konulurken, pandemi sonrasi dénemde 86 hastaya
tfani konuldu. Pandemi déneminde tani alan erkek hasta orani anlamli olarak daha yUksekti
(srrastyla %56, %36, p=0,007). Pandemi déneminde tani konulanlarda Anti-Adacik HUcre Antikoru
(ICA) pozitifiigi istatistiksel olarak anlamli derecede yUksekti. (sirasiyla %52,6, %18,6, p<0,001). Gruplar
arasinda hemoglobin A1C, tiroid otoantikorlan ve doku fransglutaminaz antikorlan acisindan fark
yoktu (p>0,05). Pandemi déneminde tani konulanlarda C pepftid dUzeyleri anlamli derecede
dUsUkty  (srasiyla 0,39+0,4, 0,63+0,6, p) =0,021). Pandemi srrasinda siddetli asidoz nedeniyle
basvurular, pandemi sonrasina gére daha sik gérOldU (sirasiyla %29,9, %16,3, p=0,151).

Sonug: Ikinci basamak saglik merkezimizde yeni tnai koyulan T1D hastasi cocuklarin sayisi pandemi
sirasinda ve sonrasinda benzerdi. Pandemi déneminde otoantikor pozitifligi, C-peptid dUstklOgU ve
ciddi asidoz sikayetleriyle basvurular daha sikti.

Anahtar Kelimeler: covid 19, diabetes mellitus type 1, yeni tani

The World Health Organization declared COVID-19 the pandemic period and the effect of COVID-19 on
a pandemic on March 24, 2020, as it caused high the clinical severity of the symptoms at the time of first
morbidity and mortality in a short time and turned into  admission (3,4). During the pandemic period, some
a global health problem (1). The first case was seen in studies showed that there was a significant decrease in
TUrkiye on March 11, 2020 (2). COVID-19 disease can vitamin D levels in children and it was associated with
affect the health of children directly or indirectly, and decreased sun exposure during confinement (5). In this
this situation can cause many social, biological and study, the clinical and laboratory characteristics of the
economic negativities. Many studies have revealed newly diagnosed type 1 diabetes mellitus (T1D) patients
interesting findings related to the increase in the during and after the pandemic were compared at the
prevalence of newly diagnosed type 1 diabetes during time of diagnosis.
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Material and Methods

This descriptive cross-sectional study was approved by
the Gaziantep University Faculty of Medicine Clinical
Research Ethics Committee (Number:01/2023). All
patients younger than 18 years of age who were
diagnosed with T1D at Gaziantep Gynecology and
Children’s Hospital between October 2020 and March
2023 wereincludedin the study. We diagnosed patients
with type 1 diabetes according to the International
Society for Pediatfric and Adolescent Diabetes 2018
criteria (6). All diabetic ketoacidosis (DKA) and non-
DKA (non-DKA) patients (venous pH>7.3 or bicarbonate
>15 mmol) diagnosed as T1D with plasma glucose >200
mg/dl and ketonemia or ketonuria were included in
this study. DKA was classified as plasma glucose >200
mg/dl, presence of ketonemia or ketonuria, venous
pH <7.3 or bicarbonate <15 mmol/L (mild DKA); pH<7.2
or bicarbonate <10 mmol/L (moderate DKA); pH<7.1
or bicarbonate <5 mmol/L (severe DKA). At the fime
of diagnosis, HDA1C (%), C-peptide, islet cell antibody
(ICA), glutamic acid decarboxylase antibody (GAD),
anti-insulin antibody (Anti 1A), anfi-thyroid peroxidase
antibody (Anti TPO) and celiac antibodies (fissue
fransglutaminase IGA, IGG) were evaluated. At the
time of the study, the same micro enzyme-linked
immunosorbent assay (ELISA) was used to measure
autoantibody positivity. We also evaluated the 25(OH)
D3, Vitamin B12 and anti-HBS levels of the patients.

According to the data of the Turkish Statistical Institute
(TUIK) dated 31 December 2021, the population of
TUrkiye was 84 million 580 thousand 273 people (7).
As of January 2022, covid 19 vaccine (Sinovac or
BioNTech) has been applied for 1 year in Turkiye, and
approximately 138 million doses of vaccine have been
applied to individuals over the age of 18 years (8). For
this reason, the period between October 2020 and
December 2021 was defined as the pandemic period,
and the period between January 2022 and March
2023 was defined as the post-pandemic period. Based
on these data, we divided the patients into two groups
as those diagnosed during and after the pandemic.

Statistical Analysis

SPSS (Statistical Package for the Social Sciences)
23.0 package program was used for statistical
analysis of the data. Categorical measurements
were summarized as numbers and percentages, and
continuous measurements as mean and standard
deviation (median and min-max where appropriate).
Chi-square test was used to compare categorical
expressions.  Shapiro-Wilk test was employed to
determine whether the parameters in the study
showed normal distribution. Mann Whitney U test was
used for the parameters that did not show normal
distribution. Statistical significance level was taken as
0.05in all tests.

Results

Of the 173 patients included in the study, 80 (46.2%)
were male and 93 (53.9%) were female. Their mean
age was 15.7 (£3.8) years. Only 38 patients (22%) were
refugees. 57 patients (32.9%) were in pubertal period.
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Anti-HBs was positive in only 69 patients (39.9%). The
numbers of Anti-HBs positive patients were similarin the
groups (p=0.5%). The mean level of 156 patients whose
vitamin D levels were checked was 14.1+£7.8 ng/ml. Of
the patients, 130 (83.3%) whose vitamin D values were
checked had a vitamin D level below 20 ng/ml and
had vitamin deficiency. Vitamin D value was higher in
male patients than in female patients (p=0.029). Also,
Vitamin D levels of pandemic and post-pandemic
patients were similar (p=0.59).

Of the patients, 87 (50.3%) were diagnosed during
the pandemic period (group 1), and 86 (49.7%) were
diagnosed during the post-pandemic period (group
2). The presence of anti-ICA was found higher in
group 1 (p<0.001). The co-positivity of Anti GAD and
ICA antibodies was higher in group 1 (39/87 [%44.8]
and 16/86 [%18.6], respectively) (p<0.001). Again, in
group 1, the positivity of 3 antfibodies together (Anti-
Gad, ICA and Anfi insulin) was statistically higher
(7/87 [%8], 2/86 [%2.3], respectively) (p=0.001). There
was no difference between the groups in terms of
hemoglobin Alc, thyroid autoantibodies and fissue
fransglutaminase antibodies (p>0.05). Potassium and
C-peptide values were higher in group 2 compared to
group 1 (p=0.037; p=0.021, respectively); Vitamin B12
value was observed low (p=0.011). The low potassium
in group 1 was considered due to the high number of
patients presenting with DKA. The comparison of other
values between the groups is shown in Table 1.

When male and female patients were compared, the
presence of Anti-GAD was higher in female patients
than in male patients (p=0.046). No significant finding
was found between the other parameters in Table 2
and the groups (p>0.05). Height SD and HbA1c values
of Turkish patients were higher than those of refugee
patients (p=0.020).

The number of people diagnosed with non-DKA
was higher in the post-pandemic period than in the
pandemic period, but it was not stafistically significant
(47 [54.7%], 37 [42.5%), respectively) (p=0.15). Similarly,
the number of admissions with severe acidosis was
higher during the pandemic period than in the post-
pandemic period. (respectively 26 [29.9%], 14 [16.3%])
(p=0.15). Among the patients diagnosed during the
pandemic period, 49(56.3%) male patients were
significantly more than female patients (p=0.007).

While patients in the pandemic period were most
diagnosed in November (19 cases) and March (11
cases), the most diagnosed months were January (12
cases) and October (9 cases) in the post-pandemic
period. While 11 patients were diagnosed during
the pandemic period in the summer season, only 4
patients were diagnosed during the post-pandemic
period.

In terms of HbAlc levels, there was no significant
difference between the pandemic and post-
pandemic periods. During the pandemic period, SARS-
CoV-2 PCR test was performed and only 2 patients
were positive with resistant severe acidosis and
respiratory distress and significantly higher infection
indicators.
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Table 1 Evaluation of laboratory and clinical characteristics of 2 groups

Related parameters Group 1 Group 2 pt

(n=87) (n=86)

n(%) n(%)
Sex
Male 49 (56.3) 31 (3¢) 0.007**
Female 38 (43.7) 55 (64)
Puberty 27 (31) 30 (34.9) 0.590
Nationality
Immigrant 21 (24.1) 17 (19.8) 0.488
Turkish 66 (75.9) 69 (80.2)
DM in the family 7 (8) 5(5.8) 0.563
Anti GAD 50 (64.1) 50 (58.1) 0.434
Anti ICA 41 (52.6) 16 (18.6) <0.001**
Anti insulin 6(7.7) 3(3.5) 0.238
Celiac antibody 10 (11.5) 9 (10.5) 0.829
Anti TPO 18 (20.7) 16 (18.6) 0.730
Anti HBs 33 (37.9) 36 (41.9) 0.598
Acidosis severity
none 37 (42.5) 47 (54.7) 0.151
1 13 (14.9) 16 (18.6)
2 11 (12.6) 9 (10.5)
3 26 (29.9) 14 (16.3)

Mean = SD Mean + SD Pt
Age (years) 12.,2+3.8 9.75+3.81 0.519
Height (cm) 138.2422.6 134.1423.4 0.181
Height SD 0.023%1.1 -0.11%1.2 0.415
Weight (kg) 35.615.9 33.9£19.4 0.199
Weight SD -0.16%1.2 -0.45%1.1 0.075
Laboratory values (at
diagnosis) 456.5£106.9 478.4+15.0 0.685
Glucose (mg/dl)
Sodium (mmol/L) 133.2+3,8 145.1£107.3 0.447
Potassium (mmol/L) 3.60+0.5 3.74+0.4 0.037*
C peptide (ng/ml) 0.39+0,4 0.63+0.6 0.021*
HbAlc (%) 12.9+1.6 12.5+2.0 0.265
Insulin (pIU/mL) 291428 3.58+2.9 0.079
Vitamin D (ng/ml) 13.747.1 14.5+8.4 0.598
Vitamin B12 (pg/ml) 465.4£224.1 386.9+188.1 0.011*

* p<0,05, **p<0,001, f: chi-square, t: Mann Whitney U

GAD: Glutamic acid decarboxylase, ICA: islet cell antibody, TPO:
thyroid peroxidase

Discussion

In this study, the clinical and laboratory characteristics
of newly diagnosed patients were evaluated during
and after the COVID-19 epidemic for a total of 30
months. Similar to the publications reported from our
country, no difference was found in the frequency
of patients diagnosed between the two periods (9).
However, it has been shown that applications with
severe diabetic ketoacidosis are more common
during the pandemic period. Additionally, in our study,
we found significantly higher antibody positivity and
low C-pepftide levels in pafients diagnosed during the
pandemic period.

Although its efiology is not clear, type 1 diabetes
mellitus is a multifactorial disease. Especially in
individuals with genetic predisposition, exposure to
infectious agents (especially viruses) at an early age
is affected by environmental factors such as toxins,
food, chemicals, as well as triggering factors such as
psychosocial stress (10,11).
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Table 2 Laboratory and clinical characteristics of the patients by
gender

Male Female
Related parameters (n=80) (n=93) pt

n(%) n(%)
Puberty 27 (33.8) 30 (32.3) 0.835
Nationality
Immigrant 18 (22.5) 20 (21.5) 0.875
Turkish 62 (77.5) 73 (78.5)
DM in the family 6 (7.5) 6 (6.5) 0.787
Anti GAD 40 (53.3) 60 (67.4) 0.046*
Anti ICA 29 (38.7) 28 (31.5) 0.334
Anti insulin 6(8) 3(3.4) 0.195
Celiac antibody 5(6.3) 14 (15.1) 0.065
Anti TPO 14 (17.5) 20 (21.5) 0.509
Anti HBs 36 (45) 33 (35.5) 0.202
Acidosis severity
none 40 (50) 44 (47.3) 0.417
1 13 (16.3) 16 (17.2)
2 12 (15) 8 (8.6)
3 15 (18.8) 25 (26.9)

Mean + SD Mean * SD pt
Age (years) 10.40+3.90  9.40+3.65 0.151
Height (cm) 140.2+21.3 132.7424.0 0.097
Height SD 0.05%1.1 -0.13%1.1 0.313
Weight (kg) 36.6x16.7 33.2+18.5 0.100
Weight SD -0.19+1.2 -0.41+1.2 0.255

Laboratory values (at diagnosis)

Glucose (mg/dl) 478.8£131.3  457.6+30.2 0.364

Sodium (mmol/L) 1453£111.4 133.8+3.8 0.208

Potassium (mmol/L) 3.67+0.5 3.68+0.4 0.890
C-peptide (ng/ml) 0.45+0.4 0.58+0.6 0.534
HbAlc (%) 12.4£1.9 12.9+1.7 0.105
Insulin (pIU/mL) 2.88+2.5 3.57£3.2 0.231
Vitamin D (ng/ml) 15.247.1 13.248.3 0.029*

Vitamin B12 (pg/ml) 441.6£205.3  409.94212.5 0.234

* p<0,05, **p<0,001, f: chi-square, t: Mann Whitney U

GAD: Glutamic acid decarboxylase, ICA: islet cell antibody, TPO:
thyroid peroxidase

The relationship between SARS-CoV-2 infection and
incipient T1D development is unclear. A population-
based study conducted in Germany between January
2020 and June 2021 among individuals younger than
18 years old showed that the observed incidence
was significantly higher than the expected incidence
of the new type of TID (12). However, this study did
not provide evidence to prove that the COVID-19
pandemic has had a direct impact on this increased
incidence. In a study of 92 centers worldwide, no
increase in pediafric new-onset TIDM was observed
during the COVID-19 pandemic (13). In our study, the
prevalence of newly diagnosed TID patients during
the active pandemic and post-pandemic periods
was similar. Our results are in line with two large cohort
studies that found no evidence of a direct link between
SARS-CoV-2 infection and incipient T1D development
(14,15)

A recent international multicenter study based on
data from 13 national diabetes registries reported
a higher prevalence of diabetic ketoacidosis (DKA)
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at diagnosis of TID among people younger than 18
years of age than the estimated prevalence in 2020
and 2021. However, the observed prevalence was not
significant in all countries included in this study (16). In
our study, although the number of patients with severe
DKA was moderately high in the pandemic period,
there was no statistically significant difference.

SARS-CoV-2 causes effects not only in the lungs but
also in many organs in the body, including endocrine
organs. Viral tropism in these ftissues is mediated
by receptors for the coronavirus spike protein such
as angiofensin-converting enzyme 2 (ACE2) and
fransmembrane serine protease 2 (TMPRSS2). It is
known that SARS-CoV-2 can multiply by infecting the
cells of the exocrine pancreas and pancreatic islets
through these pathways (17).

Many studies have shown that COVID-19 is arisk factor
for autoimmune disease (18,19). The studies by Chang
et al. (20) and Tesch et al. (21) have comprehensively
demonstrated the existence of various new-onset
autoimmune conditions (rheumatoid arthritis, systemic
lupus erythematosus, celiac disease, etfc.) after
COVID-19. Again, in some studies, the relationship
between endocrine autoimmune diseases such as
thyrotoxicosis and hashimoto thyroiditis and COVID-19
was discussed (22,23). Although there are different
debates on the relafionship between diabetes
autoimmunity and Covid 19, Schiaffini et al. (24)
reported in their study that COVID-19 infection would
not cause diabetes autoimmunity even if it had an
effect on the TID clinic. During the echovirus 16
epidemic in Cuba, an increase in the co-occurrence
of ICA and anti-GAD positivity was observed in
children (25). It has been shown that having more
than one antibody positivity increases the risk of
developing type 1 diabetes compared to a single
diabetes autoantibody positivity (26,27). In our study,
ICA antibody positivity and other diabetes antibodies
co-existent were found significantly higher in patients
diagnosed during the pandemic period.

In another study, Sepa et al. (28) reported a high anti-
GAD positivity among children participating in their
stfudy, and also nofed that exposure to psychosocial
stressors in children, with or without a family history
of diabetes, may be considered as a risk factor for
autoimmune type 1 diabetes. Accordingly, it can be
thought that the reason for the high antibody positivity
in patients diagnosed during the pandemic period in
our study can be attributed to the psychosocial stress
created by the pandemic.

It has been reported that the new diagnosis season
of patients in TUrkiye is mainly in winter and autumn
months (29). However, in our study, there was no
decrease in the number of patients diagnosed during
the summer season, especially during the pandemic,
and 11 patients were diagnosed with T1D, while the
number of patients after the pandemic was only
4 patients. We thought that this may be due to the
fact that the pandemic period Covid 19 infections
continued in the summer period.
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C-peptide, a molecule produced in insulin equimolar
concentration, has become an established biomarker
of insulin secretion in diabetic patients. Measurement
of the C-peptide level can be helpful in clinical
practice, particularly in patients currently scheduled
fo receive exogenous insulin therapy, fo assess the
residual function of insulin-producing p-cells (30).
Significantly lower C-peptide levels in the pandemic-
era patients suggested that the beta-cell reserve in
the pancreas was more severely affected.

Various mechanisms by which vitamin D is effective
in regulafing immune response support, the role
of vitamin D in the pathogenesis of autoimmune
diabetes, and vitamin D as a protective compound for
diabetes have been suggested. The epidemiological
evidence and observational studies suggesting that
adequate vitamin D is associated with a reduced
risk of developing type 1 diabetes further support this
concept (31). We evaluated 25(OH)vitamin D levels
in 156/173 (90.1%) of our patients. Severe vitamin D
deficiency (<20 ng/ml) was present in 83.3% (130/156)
of our patients whose vitamin D levels were checked
without any difference between pandemic or post-
pandemic periods. This situation underlines the need
to evaluate Vitamin D levels in children with T1D
diagnosed.

Type 1 diabetes (TIDM) is predicted to result in
impaired immunological response to vaccines. HBV
vaccine is routinely administered to every newborn
child according to the national vaccination schedule.
Although there are different data regarding the
humoral immune response to hepatitis B vaccine
in patients with type 1 diabetes, only 39% of all our
newly diagnosed patients had an adequate Anti-HBs
response (32).

It has been stated that SARS-CoV-2 may cause an
increase in aldosterone secretion and a decrease in
angiotfensin Il by decreasing ACE2 expression, which
may lead fo an increase in renal potassium loss (33).
The significant low potassium in patients diagnosed
during the pandemic may be explained by a
COVID-19 infection that was experienced without
being symptomatic. Unfortunately, we did not routinely
evaluate our patients for the presence of COVID-19
infection.

Studies evaluating vitamin B12 deficiency are mostly
related to type 2 diabetes mellitus and metformin
treatment (34). There is no definitive information on the
relationship between T1D and B12 deficiency. In our
study, although there was a significant difference in
vitamin B12 levels between the two groups, there was
no deficiency in either group.

In conclusion, our study, in which we detected serious
vitamin D deficiency in all groups, revealed the need
to evaluate vitamin D, especially in extraordinary
periods such as pandemics, when sunlight exposure
is highly restricted. Moreover, we found significantly
high antibody positivity and low levels of C-peptide
in patients diagnosed during the pandemic period.
Again, although it was not statistically significant, the
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presence of severe acidosis was higher at the time
of diagnosis during the pandemic period. In order to
clearly demonstrate the relationship between Covid
19 and T1D, larger series of reports are needed.

Limitations of the study

Covid 19 PCR test was not performed on the patients
who did not have any signs.

As it was a single center study, we could not include
all newly diagnosed T1D children in Gaziantep in our
study. However, since our hospital is a state hospital,
it is a hospital that is easily accessible and preferred
by the public, and it also accepts patients from
neighboring provinces when necessary. Therefore, our
findings may represent Southern TUrkiye with different
ethnicities and cosmopolitan population structure.
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