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AUTOIMMUNE DISEASE WITH ENDOTHELIAL DYSFUNCTION? 
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ANNOTATION 
Purpose: To study the characteristics of diabetes occurring after contracting COVID-19. Methods: 
Hemostasis parameters, vitamin D levels, and beta cell-specific autoantibodies were tested in 70 
patients with post-COVID-19-diagnosed diabetes. Results: In our cross-sectional study, we found a 
relatively high incidence of type 1 DM (16.7%) and LADA (4.76%) among adults who were 
diagnosed with DM after COVID-19. Adult patients with type 1 DM were younger, predominantly 
female, and had a high rate of family history of DM. The majority of patients with type 1 DM had 
mild COVID-19 and did not use corticosteroids during acute COVID-19. Patients with severe or mild 
COVID-19 also had a risk of diabetes onset. All patients with newly diagnosed DM had low vitamin 
D levels, although Uzbekistan has good insolation. New cases of DM were registered within 0 to 24 
months after COVID-19. The majority of type 1 patients were diagnosed during the first 2 months 
and at 15-20 months after acute COVID-19. The incidence of new type 2 DM cases was consistent 
during the 2-year period after COVID-19. As expected, patients with type 2 HELLP syndrome had 
high D-dimer and von Willebrand factor levels. Type 1 DM patients, both adults and children, also 
had increased D-dimer and von Willebrand factor levels. VCAM-1 levels were high in all patients, 
including children, with the highest levels occurring in patients with LADA, indicating endothelial 
dysfunction. Conclusion. The increased incidence of type 1 DM with positive diabetes-specific 
antibodies after COVID-19 indicates damage to islet cells and their components by SARS-CoV-2 
with further activation of autoimmune mechanisms. Young females with a family history of DM who 
were diagnosed with diabetes after COVID-19 should be tested for diabetes-specific antibodies for 
proper differentiation of the type of disease and timely insulin treatment. Type 1 DM that develops 
after COVID-19 should be treated as a disease associated with CVD and endothelial dysfunction. 
Key words: post-COVID-19, endothelial dysfunction, ICAM-1, VCAM-1, diabetes-specific 
antibodies. 
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САХАРНЫЙ ДИАБЕТ 1 ТИПА ПОСЛЕ ПЕРЕНЕСЕННОЙ COVID-19 ИНФЕКЦИИ, 
ПЕРЕКРЕСТНОЕ ИССЛЕДОВАНИЕ: АУТОИММУННОЕ ЗАБОЛЕВАНИЕ С 

ЭНДОТЕЛИАЛЬНОЙ ДИСФУНКЦИЕЙ? 
АННОТАЦИЯ 

Актульность: Нарушение функции эндотелия занимает одно из главенствующих мест 
в развитии макрососудистых осложнений у пациентов с Сахарным Диабетом (инсульт, 
инфаркт), а также в прогрессировании микрососудистых диабетических осложнений  
Цель: изучить особенности течения диабета 1 типа , возникающего после перенесенной  
COVID-19 инфекции. Материалы и методы: Параметры гемостаза, уровень витамина D и у 
70 пациентов были проверены специфические аутоантитела к бета клеткам поджелудочной 
железы. Результаты: В нашем перекрестном исследовании мы обнаружили относительно 
высокую заболеваемость СД 1 типа (16,7%) и LADA (4,76%) среди взрослых, у которых СД 
был диагностирован после COVID-19. Взрослые пациенты с СД 1 типа были моложе, 
преимущественно женского пола, и имели высокий уровень семейного анамнеза СД. 
Большинство пациентов с СД 1 типа имели легкую форму COVID-19 и не использовали 
кортикостероиды во время острого течения COVID-19. Пациенты с тяжелой или легкой 
формой COVID-19 также имели риск развития диабета. У всех пациентов с впервые 
выявленным СД наблюдался низкий уровень витамина D, хотя в Узбекистане хорошая 
инсоляция. Новые случаи СД зарегистрированы в сроки от 0 до 24 месяцев после заражения 
COVID-19. У большинства пациентов 1-го типа диагноз был диагностирован в течение первых 
2 месяцев и через 15-20 месяцев после острого заболевания COVID-19. Заболеваемость 
новыми случаями СД 2 типа оставалась постоянной в течение двухлетнего периода после 
COVID-19. Заключение. Увеличение заболеваемости СД 1 типа с положительными диабет-
специфическими антителами после COVID-19 свидетельствует о повреждении островковых 
клеток и их компонентов, SARS-CoV-2 с дальнейшей активацией аутоиммунных механизмов. 
Молодым женщинам с семейным анамнезом СД, у которых после COVID-19 был 
диагностирован сахарный диабет, необходимо пройти тестирование на диабет-специфические 
антитела для правильной дифференциации типа заболевания и своевременного лечения 
инсулином. СД 1 типа, развившийся после COVID-19, следует рассматривать как заболевание, 
связанное с сердечно-сосудистыми заболеваниями и эндотелиальной дисфункцией. 
Ключевые слова: пост-COVID-19, эндотелиальная дисфункция, ICAM-1, VCAM-1, 
диабетспецифические антитела. 
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COVID-19 INFEKTSIYASIDAN KEYIN RIVOJLANGAN QANDLI DIABET  1TURI    

TADQIQOTI: ENDOTELIAL DISFUNKTSIYASI VA OTOIMMÜN KASALLIKMI? 
 

ANNOTATSIYA 
Dolzarblik. Endoteliya funksiyasining buzilishi qandli diabet (insult, infarkt) bilan og‘rigan 
bemorlarda makrososudli asoratlarning rivojlanishida, shuningdek, mikrososudli diabetik 
asoratlarning rivojlanishida yetakchi o‘rinlardan birini egallaydi. Maqsad: COVID-19 infektsiyasini 
o'tkazib yuborganidan keyin yuzaga kelgan qandli diabet 1 turining xususiyatlarini o‘rganish. 
Materiallar va usullar: 70 bemorda gemostaz parametrlar, D vitamini darajasi va oshqozon osti bezi 
beta hujayralariga xos autotanachalar tekshirildi. Natijalar: Bizning kesishgan tadqiqotimizda 
COVID-19 dan keyin qandli diabet 1 tur (16,7%) va LADA (4,76%) bilan kasallanishning nisbatan 
yuqori ekanligini aniqladik. Qandli diabet 1 turiga chalingan kattalar asosan ayollar bo‘lib, oilada 
qandli diabetga moyillik darajasi yuqori edi. Qandli diabet 1 turiga chalingan bemorlarning 
ko‘pchiligi COVID-19 ni engil o‘tkazgan va COVID-19 ning o'tkir davrida kortikosteroidlar 
ishlatmagan. Og‘ir yoki engil COVID-19 bilan og‘rigan bemorlar ham diabet rivojlanishi xavfi ostida 
edi. Yangi aniqlangan qandli diabet bilan og‘rigan barcha bemorlarda D vitamini darajasi past 
bo‘lgan, ammo O‘zbekistonda yaxshi insolyatsiya mavjudligi ma'lum. Yangi aniqlangan diabet 
COVID-19 infektsiyasidan keyin 0 oydan 24 oygacha bo‘lgan vaqt ichida qayd etildi. Xulosa: 
COVID-19 dan keyin qandli diabetga xos ijobiy antitanachalar bilan qandli diabet 1 turining 
ko‘payishi SARS-CoV-2 tomonidan oshqozon osti bezi orolchalari hujayralari va ularning tarkibiy 
qismlariga zarar yetkazilishiga va shu bilan birga autoimmun mexanizmlarining faollashishiga dalolat 
qiladi. COVID-19 dan keyin qandli diabet tashxisi qo‘yilgan oilaviy qandli diabeti bo‘lgan yosh 
ayollar kasallik turini to‘g‘ri ajratish va insulin bilan o‘z vaqtida davolash uchun qandli diabetga xos 
antitanachalar tekshiruvini o‘tqazishlari kerak. COVID-19 dan keyin rivojlanadigan 1-tur diabetni 
yurak-qon tomir kasalliklari va endoteliya disfunktsiyasi bilan bog‘liq kasallik deb hisoblash kerak. 
Kalit so‘zlar: post-COVID-19, endoteliya disfunktsiyasi, ICAM-1, VCAM-1, diabetga xos 
antitanachalar. 

  
Introduction. Patients with diabetes mellitus (DM) were the most vulnerable group to COVID-

19 during the pandemic, and they had the highest risk of severe COVID-19 and death due to the 
disease [1,2]. Moreover, the consequences of SARS-CoV-2 infection are still present even after the 
end of the pandemic as the incidence of diabetes mellitus (DM) has increased. The type of new DM 
that appears after COVID-19 infection is a matter of investigation, taking into consideration the 
tropism of the SARS-CoV-2 virus for accessing pancreatic beta-cells, the wide use of corticosteroids 
during COVID-19 treatment, and cytokine effects in severe cases of infection [1]. However, the role 
of endothelial dysfunction in the onset of DM after COVID-19 is unclear [2]. Additionally, how long 
one can expect the appearance of new DM cases after contracting COVID-19 has yet to be studied. 
For example, Zhang et al. reported that 15.5 cases of DM after COVID-19 occurred per 1000 person-
years, with a mean follow-up of 63 to 352 days. The risk of diabetes increases by 1.62 (95% CI, 1.45-
1.80) after individuals have COVID-19, with the highest relative risk occurring during the first 3 
months but continuing to risk for more than 6 months [3]. 

Materials and methods. In this cross-sectional study, we examined patients with post-COVID-
19-diagnosed diabetes. Patients who met the following criteria were included: 1) had a diagnosis of 
diabetes based on the International Classification of Disease-10 (ICD-10) classification, 2) had a 
hemoglobin A1c level ≥ or equal to 6.5% (48 mmol/mol), 3) had a fasting glucose level ≥7.0 mmol/L, 
and 4) had a random plasma glucose level ≥11.0 mmol/L. The type of diabetes diagnosed was 
determined from the medical records of the patients. 
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Patients with a known history of diabetes before January 2020 and patients with gestational 
diabetes were excluded. Patients were enrolled in the study from June 2021 to January 2022. 

Data on COVID-19 infection were extracted from the country database of COVID-19 patients, 
and the diagnosis was confirmed by PCR. COVID-19 severity was defined as follows based on the 
medical records of patients: mild COVID-19 was defined as the absence of fever, respiratory 
symptoms or signs of pneumonia on CT; moderate COVID-19 infection was defined as fever, 
respiratory symptoms, or CT signs of pneumonia; and severe disease was defined as shortness of 
breath with a respiratory rate ≥ 30 breaths/min, blood oxygen saturation ≤ 93% at rest, or arterial 
partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) ≤ 300 mm Hg Art. as hypoxemia 
and chest imaging with lesion progression greater than 50% within 24–48 hours. 

All participants signed informed consent prior to enrollment. The research protocol was 
approved by the Ethics Committee of the RSSPMCE (#1-2021), and the study was conducted in 
accordance with the Declaration of Helsinki. 

Clinical examination 
Anthropometry and medical examination All parameters were taken from patients who had 

fasted overnight. Each subject underwent a basic medical examination with anthropometric 
measurements (height, weight, body mass index (BMI)). Data on the inpatient course (i.e., days of 
admission, use of corticosteroids) were obtained from available medical records. 

Blood sampling and laboratory analysis 
A peripheral venous blood sample was drawn from an indwelling cannula in each subject after 

12 h of fasting. All blood samples collected were centrifuged at 5000 rpm and transported to a 
certified institutional laboratory. 

Hemostasis parameters were tested using a Huma-Clot coagulometer. D-dimer and von 
Willebrand factor levels were tested using immune turbidimetry at Sismex CA-600. 

Vitamin D levels were quantified in plasma by an electrochemiluminescent immunoassay 
(ECLIA) on a Cobas immunochemical analyzer. 

The beta cell-specific autoantibodies (anti-insulin, anti-GAD, and anti-islet Abs), as well as the 
levels of ICAM and VCAM, were analyzed using an electrochemiluminescent ECLIA test (Cobas, 
UK). 

Statistics. Normally distributed data are presented as the mean and standard deviation (SD). 
Categorical variables are presented as numbers and percentages. The mean differences between 
groups were calculated using two-sample t tests for normally distributed variables. 

All analyses were performed in SPSS (version 23). Figures were created using OriginPro 8.6. 
Results. In our study, we examined 70 patients who were diagnosed with diabetes after 

contracting COVID-19. As shown in Table 1, all children with newly diagnosed diabetes after 
coronavirus infection had type 1 DM (100% of 28 patients), while adults predominantly had type 2 
DM (78.57% of 42 patients). 

Table 1. Types of diabetes diagnosed in children and adults after COVID-19. 

 

№ Type of DM Number, (%) 
Children (n=28) Adults (N=42) 

1 Type 1 DM: 
Anti-insulin Ab + 
Anti-GAD-Ab + 
Anti-islet Ab + 
No Ab - 

28 (100%) 
 5 (17.86%) 
 14 (50.0%) 
 6 (21.43%) 
 3 (10.71%) 

7 (16.7%) 
- 
1 

(14.29%) 
3 

(42.86%) 
3 

(42.86%) 
2 Type 2 DM - 33 (78.57%) 
3 LADA (anti-islet Ab +) - 2 (4.76%) 
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In our study, the most common antibody found in the observed children was GAD, indicating 
autoimmune type 1 DM. No antibodies were detected in a total of 10.71% of the children with DM. 
Adults were predominantly diagnosed with type 2 DM (79%). In 2 adult patients predominantly 
diagnosed with type 2 DM, antibodies against islet cells were detected; therefore, the type of diabetes 
was reclassified as LADA. These patients received metformin monotherapy and had target HbA1c 
levels (6.5% and 5.1%) at the time of the study. 

A significant portion of adult patients have type 1 DM, possibly caused by direct damage to 
beta cells and their components caused by SARS-CoV-2. 

As shown in Figure 1, adult patients with type 1 DM were younger than patients with type 2 
diabetes and LADA were at the time of diabetes onset (32.43±14.73 for type 1 DM vs 50.44±9.73 for 
type 2 DM vs 61.0±5.66 for LADA). The mean age of the children with newly diagnosed DM was 
10.64±4.47 years, ranging from 2 to 18 years. 

The presence of overweight or obesity is associated with an increased risk of type 2 DM (3). In 
our study, patients with type 2 DM had a greater BMI (30.75±6.11 kg/m2) than patients with type 1 
DM (23.02±6.54 kg/m2) or LADA (28.91±2.22 kg/m2). 

 

(a)
       (b) 

Fig. 1 Age (a) and BMI (b) of adult patients with newly diagnosed diabetes a) p=0.002 for 
age between type 1 DM and LADA, p=0.0004 between type 1 DM and type 2 DM; b) p=0.005 for 
BMI between type 1 DM and type 2 DM 

Table 2 shows that adult patients with type 1 DM were predominantly female. However, the 
incidence of type 1 DM in the total population is greater in men [5]. There were no differences in sex 
between type 2 DM patients and children. 

Table 2. The characteristics of patients with newly diagnosed diabetes according to diabetes type 
Characteristic

s 
Adults Children 

(type 1 DM, 
n=28) 

Type 1 
(n=7) 

LADA 
(n=2) 

Type 2 
(n=33) 

Gender (male, 
%) 

 

2 
(28.57%) 

0 19 
(57.58%) 

p=0.285 
comparing to type 
1 adults 

14 (50%) 
p=0.322 

comparing to 
type 1 adults 

Family 
history of DM 

3 
(42.86%) 

- 21 
(63.63%) 

2 (7.14%) 
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COVID 
severity 

Mild 
Moderate 
Severe 

 
5 

(71.43%) 
2 

(28.57%) 
0 

 
1 (50%) 
1 (50%) 
0 

 
12 

(36.36%) 
18 

(54.54%) 
3 (9.09%) 

 
17 

(71.43%) 
9 

(32.14%) 
2 (7.14%) 

Use of 
dexamethasone 
during COVID-19 

1 
(14.29%) 

1 (50%) 18 
(54.54%) 

0 

Vit D, ng/mL) 16.43±7.5
4 

19.35±7.7
1 

21.13±10.6
9 

22.23±9.5
6 

 
A family history of diabetes is known to be high among patients with type 2 DM and relatively 

low among patients with type 1 DM [4]. In our study, 2/3 of the patients with T2DM and slightly less 
than half of those with T1DM had a family history of diabetes, while only 7% of the children had a 
family history of diabetes, which corresponds to the data before the COVID-19 era. 

Only 3 patients with type 2 diabetes in our study had severe COVID-19. The vast majority of 
people with type 1 diabetes (71.43%) had mild COVID-19. 

Half of the patients with type 2 diabetes and one of two patients with LADA received 
dexamethasone during the acute period of COVID-19. All patients had low vitamin D levels (Table 
2). 

Furthermore, we evaluated the time elapsed from acute COVID-19 to the onset (in patients with 
type 1 DM) or diagnosis (in patients with LADA and type 2 DM) of DM. New cases of DM were 
registered within 0 to 24 months after COVID-19, with a mean duration of 9.0 months for type 1 DM 
patients and 4.65 months for type 2 DM patients in adults (p=0.224) and 1.92 months for children. 
New type 1 DM cases prevailed in the first 2 months and at 15-20 months after acute COVID-19, 
while new type 2 DM cases were diagnosed starting from the 1st month after acute viral infection and 
up to the 24th month. 

Type 2 DM is known to be an equivalent of cardiovascular disease [12]. In our study, 15.2% of 
patients with newly diagnosed type 2 DM had arterial hypertension by the time of diabetes onset. 
None of the patients with type 1 DM or LADA had been diagnosed with arterial hypertension. 

COVID-19 is associated with endothelial dysfunction and a prothrombotic state [13]; therefore, 
we studied the parameters of endothelial function and coagulograms in patients with newly diagnosed 
diabetes. 

Table 3 shows that, as expected, type 2 DM patients had high D-dimer (12.12% of patients) and 
von Willebrand factor (21.21% of patients) levels. Notably, type 1 DM patients, both adults and 
children, also had increased D-dimer and von Willebrand factor levels. 

Table 3. Parameters of endothelial function and coagulogram results in patients with newly 
diagnosed diabetes according to the type of diabetes 

Characteristi
cs 

Adults Children 
(type 1 DM, 
n=28) 

Type 1 
(n=7) 

LADA 
(n=2) 

Type 2 
(n=33) 

D-dimer high 
(>0.5 mg/L) 

3 (42.86%) 0 4 (12.12%) 6 (21.43%) 

Von 
Willebrand factor 
high 

3 (42.86%) - 7 (21.21%) 3 (10.71%) 

PTI 99.43±16.1
7 

113.5±6.3
6 

108.84±11.2
9 

95.64±14.3
6 

INR 1.04±0.11 0.95±0.03 0.97±0.05 1.07±0.11 
APTT 23.4±4.34 23.25±0.6

4 
23.74±2.15 23.58±4.76 
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Cell adhesion molecules increase during the first 6 hours after SARS-CoV-2 infection [14,15] 

and persist for a long time thereafter, as we showed earlier [16]. In the present study, ICAM-1 levels 
were high, and there was no significant difference between the groups of adults. Children had 
significantly lower levels of ICAM-1 than adults with type 1 DM. VCAM-1 levels were high in all 
patients, with the highest levels occurring in patients with LADA. Notably, children also had high 
levels of VCAM-1 (Figure 2). 

 

 
Fig. 2 The cell adhesion molecules ICAM-1 and VCAM-1 are increased in all patients with 

newly diagnosed DM. Ten patients without COVID-19 who had COVID-19 in 2020 were enrolled 
as a control group for cell adhesion molecules to exclude the influence of hyperglycemia. For the 
ICAM-1 level, p=0.022 for children vs adults with type 1 DM. For VCAM-1 levels: p=0.002 for 
children vs controls, p=0.0006 for adults with type 1 DM vs controls, p=0.002 for LADA vs controls, 
and p=0.002 for adults with type 2 DM vs controls 

For routine coagulogram parameters, there were no significant shifts either to hyper or to 
hypocoagulation in any of the studied groups. 

Discussion. 
It is well documented that post-COVID-19 patients often suffer from DM of both type 1 and 

type 2, and the unusually high occurrence of new diabetes cases after COVID-19 is well described 
[1,2]. Type 1 DM is an autoimmune disease characterized by the presence of antibodies against 
insulin, GAD, and islet or beta-cell components [4]. In our study, the most common antibody found 
in the observed children was GAD, indicating autoimmune type 1 DM. No antibodies were detected 
in a total of 10.71% of the children with DM. As expected, adults were predominantly diagnosed with 
type 2 DM (79%). In 2 adult patients predominantly diagnosed with type 2 DM, antibodies against 
islet cells were detected; therefore, the type of diabetes was reclassified as LADA. Surprisingly, a 
significant portion of adult patients had type 1 DM, possibly because of direct damage to beta cells 
and their components caused by SARS-CoV-2. 

Data obtained from the city health department on all patients who had COVID-19 in Tashkent 
in 2020 showed that 8% of new cases of diabetes were identified among children and adults who had 
COVID-19 in 2020. Among children who recovered from COVID-19, diabetes was detected in 4%, 
and among adults, it was detected in 8% [8]. This is a significantly greater incidence of DM than 
0.02% of DM diagnosed in children without COVID-19 [17] and is in line with data for adults [18]. 

According to the data of the National Registry of Diabetes, type 1 DM accounts for 7.4% of all 
DM cases [19]. However, in our study, 16.7% of the participants were type 1. LADA cases were not 
registered in the Republic. The main reason is the absence of registered reagents for antibody testing. 
Here, we found anti-islet antibodies in two patients who were diagnosed with type 2 DM; these 
patients received metformin monotherapy and had target HbA1c levels at the time of the study. 
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The increased incidence of type 1 DM with positive diabetes-specific antibodies suggests 
damage to islet cells and their components by SARS-CoV-2 with further activation of autoimmune 
mechanisms. 

These results are consistent with those of Zhang T., Wrona M. et al., who reported a high 
incidence of DM in both type 1 and type 2 patients after COVID-19 [1,2]. 

There are data showing a high incidence of newly diagnosed DM after severe COVID-19 [6]. 
In our study, only 3 patients with type 2 diabetes had severe COVID-19. The vast majority of people 
with type 1 diabetes (71.43%) had mild COVID-19. 

The use of glucocorticoids was associated with an increased risk of diabetes [7]. In our study 
of the population of Tashkent city, we showed that the use of dexamethasone for acute COVID-19 
was associated with a 2.7-fold increased risk of new cases of DM [8]. Here, half of the patients with 
type 2 diabetes and one of two patients with LADA received dexamethasone during the acute period 
of COVID-19. 

Vitamin D deficiency is associated with an increased risk of both type 1 and type 2 DM [9-11]. 
In our study, all patients had low vitamin D levels. 

Adult patients with type 1 DM were younger, predominantly female, and had a high rate of 
family history of DM. The majority of patients with type 1 DM had mild COVID-19 and did not use 
corticosteroids during acute COVID-19. Other studies have shown a link between severe COVID-19 
and an increased risk of DM [6]. Our study showed that patients with severe or mild COVID-19 also 
had a risk of diabetes onset. Our data confirmed the link between corticosteroid use and new DM 
cases, in agreement with the results of other authors [7]. 

Tiberti C. et al reported no effect of COVID-19 on the development of type 1 DM autoimmunity 
and no increase in the frequency of SARS-CoV-2 antibodies in newly diagnosed type 1 diabetes 
patients relative to healthy individuals [20]. In their study, 53,7% of newly diagnosed type 1 DM 
patients had no diabetes-specific autoantibodies. As in our study, 80% of the COVID-19 patients with 
newly diagnosed DM were female. 

Therefore, young females with a family history of diabetes mellitus (DM) diagnosed after 
contracting COVID-19 should be tested for diabetes-specific antibodies for proper differentiation of 
the type of diabetes and timely insulin treatment. 

Patients with LADA in our study had good diabetes control after receiving oral noninsulin 
therapy. However, taking into account the autoimmune cause of the disease, these patients will require 
strict control and follow-up and should be well educated regarding signs of acute diabetes 
complications to start insulin treatment in due time. 

Type 1 and type 2 DM risk is associated with low vitamin D levels [9-11]. In our study, all 
patients with newly diagnosed DM had low vitamin D levels, although Uzbekistan has good 
insolation. 

New cases of DM were registered within 0 to 24 months after COVID-19. The majority of type 
1 patients with positive diabetes-specific antibodies were registered during the first 2 months and 15-
20 months after acute COVID-19. The incidence of new type 2 DM cases was consistent during the 
2-year period after COVID-19. 

As expected, patients with type 2 HELLP syndrome had high D-dimer and von Willebrand 
factor levels. Notably, type 1 DM patients, both adults and children, also had increased D-dimer and 
von Willebrand factor levels. Furthermore, adults and children with newly diagnosed DM after 
COVID-19 had a high risk of endothelial dysfunction, as indicated by a high level of VCAM-1. 

ICAM-1 levels were high, and there was no significant difference between groups in adults. 
Children had significantly lower levels of ICAM-1 than did the control group and the group of adult 
patients with type 1 DM. VCAM-1 levels were high in all patients, with the highest levels occurring 
in patients with LADA. Notably, children also had high levels of VCAM-1. There were no significant 
shifts in routine parameters of coagulograms either to hyper or to hypocoagulation in any of the 
studied groups. 

Thus, the risk of new diabetes cases after COVID-19 is high both in adults and in children. 
Young nonobese women with a family history of DM are at risk for type 1 DM after COVID-19. 
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Type 1 DM that develops after COVID-19 should be treated as a disease associated with CVD and 
endothelial dysfunction. 

Limitations of the study. The small number of patients in our study could influence the 
statistical ratios. However, additional studies are needed to determine the association between female 
sex and type 1 DM risk in adults after COVID-19. 

No diabetes-specific antibodies were detected in three children (10.71%) or 3 adult patients 
(42.86%) with type 1 DM. Nevertheless, there might be tyrosine phosphatase (IA-2-AA) 
autoantibodies or zinc transporter 8 autoantibodies (ZnT8A), which were not detected in our study 
due to the lack of reagents. Testing for these antibodies could also reveal more LADA cases among 
type 2 DM adult patients. 

We realize that discussing risks contradicts the cross-sectional study design, and we may only 
propose the risk based on the revealed association; therefore, further studies are needed. 
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