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viral transmission, replication, and damage to endocrine 
tissues [4], the relationship between COVID-19 and dia-
betes remains enigmatic. In clinical practice, children 
with diabetes face challenges in managing their blood 
glucose levels during the pandemic [5], while those in 
intensive care units necessitate sound judgment and 
adherence to standardized treatment protocols when 
dealing with virus infections complicated by DKA.

Given the impact of COVID-19 infection on the inci-
dence of new-onset diabetes, there also remain puzzles 
that need to be solved. In epidemiology, the character-
istics of children with new-onset diabetes after infection 
are predominantly derived from single centers or case 
reports. However, there is a pressing need for evidence 
showing the rising incidence of diabetes and DKA across 
multiple centers. Besides, as the incidence of diabetes 
and COVID-19 among children continues to rise, the 
causal relationships of new-onset diabetes after infection 

Introduction
Since 2019, COVID-19 has spread globally, with nearly 
771,820,937 confirmed cases and 6,978,175 deaths world-
wide [1]. Among its complications, diabetes has garnered 
increasing attention due to its association with height-
ened mortality risk. Moreover, there have been numerous 
reported cases worldwide of children developing new-
onset diabetes after contracting COVID-19 [2, 3]. Hence, 
it is imperative to establish the causal link between 
COVID-19 and new-onset diabetes in children. While 
extensive efforts have been made to unravel the poten-
tial mechanisms of this infectious disease, encompassing 
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Abstract
Background Throughout the COVID-19 pandemic, there has been a notable increase in the incidence of new-
onset diabetes and diabetic ketoacidosis (DKA). Simultaneously, children diagnosed with type 1 diabetes (T1D) 
have encountered difficulties in maintaining optimal blood glucose levels. The mechanisms underpinning these 
correlations still remain a puzzle. We reviewed the studies that examined changes in incidence during the pandemic. 
These studies utilized various metrics for comparison, which encompassed the timing of data collection, diagnostic 
criteria, as well as the numbers and incidence rates of diabetes and DKA. We found the incidence of diabetes and DKA 
was higher during the pandemic. As to mechanisms, the invivo and invitro study revealed the factors such as direct 
viral damage, metabolic dysfunction, and immune responses all attribute to the process of T1D after suffering from 
COVID-19. Furthermore, we provide some useful strategies to prevent and treat children suffering from diabetes and 
COVID-19. Conclusions: Strong correlations have been observed between new-onset diabetes and COVID-19. Insights 
gleaned from clinical descriptions and basic research can offer valuable experience and recommendations for the 
treatment and prevention of diabetes during future pandemics.
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lack clear clues. It is vital and urgent to comprehensively 
summarize and identify associations, as this could unveil 
potential targets for further treatment and prevention. 
Moreover, the characteristics of new-onset diabetes 
after infection have not been fully elucidated, potentially 
leading to diagnostic errors. In the face of limited clini-
cal resources, healthcare professionals and parents are 
confronted with challenges in treating DKA following 
COVID-19 infection and managing glucose levels in chil-
dren with diabetes, and the experiences and suggestions 
gathered from various guidelines and reports become 
crucial and urgently needed for clinical practice.

In this review, we comprehensively analyze epidemio-
logical studies conducted since the onset of the COVID-
19 pandemic to elucidate the evolving trends in pediatric 
diabetes during this crisis. Drawing from both in vivo 
and in vitro research, we consolidate the potential mech-
anisms through which viral infections may lead to diabe-
tes. In the third section, we compile practical suggestions 
for blood glucose monitoring and treatment of children 
experiencing DKA in the context of viral infections. 
Additionally, we endeavor to provide prospects for the 
research between COVID-19 and new-onset diabetes.

Epidemiology
Post-COVID-19 infection may elevate the risk of 
hyperglycemic states
Numerous studies have examined the incidence of type 1 
diabetes (T1D) in children before and after the COVID-
19 pandemic, as detailed in Table  1. Compared to the 
incidence of diabetes before the pandemic, there was a 
significant increase after the COVID-19 outbreak. Nota-
bly, DKA, a severe condition associated with diabetes, 
has become more frequent during the pandemic One 
of the most extensive international multicenter studies 
conducted to date was led by Niels H. Birkebaek. Draw-
ing upon data from 13 national diabetes registries, the 
research revealed a significantly elevated observed preva-
lence of DKA at the time of T1D diagnosis compared to 
the predicted prevalence based on the previous decade’s 
data [6]. Another multicenter regional study conducted 
in the UK revealed a higher proportion of children pre-
senting with DKA in the COVID-19 PCR-positive groups 
[2]. A study conducted in Canada, based on data from 
the pandemic period of March 17, 2020, to August 31, 
2020, reported a significantly higher frequency of DKA at 
the onset of T1D during the pandemic, with an increased 
incidence of severe DKA [7]. In a study involving 13 
international centers, scientists also asserted that the 
adjusted observed prevalence of diabetic ketoacidosis in 
2021 was significantly higher than the predicted preva-
lence for that year [6]. Similar findings emerged from 
studies conducted in many countries [3, 7–16]. Con-
versely, some researchers reported contrasting findings 

[17, 18], their conclusion, however were based on small-
populations or restrict-range study which may reduce 
their reliability.

Masoud Rahmati and colleagues conducted a ran-
dom-effects meta-analysis on the relationship between 
COVID-19 and diabetes. Their analysis revealed that 
the COVID-19 pandemic led to a 9.5% increase in global 
new-onset T1D cases among pediatric populations, the 
global number of children experiencing DKA and severe 
DKA increased by 9.5%, 25%, and 19.5%, respectively, 
when compared to pre-COVID-19 years [19]. In separate 
meta-analysis from other countries and time periods, it 
was also demonstrated that the risk of new-onset T1DM 
and DKA following COVID-19 infection in children and 
adolescents was higher compared to non-COVID-19 
control groups [20–22].

Children with diabetes facing heightened risks during 
COVID-19
High glycemia level may lead to bad outcome after COVID-19
Increased COVID-19-related mortality has been linked 
not only to cardiovascular and renal complications of 
diabetes but also to glycemic control and body mass 
index. Several studies have indicated that adults with 
T1D face an elevated risk of COVID-19 complications. 
For instance, scientists discovered a correlation between 
elevated Glycosylated Hemoglobin, Type A1C (HbA1c) 
levels and increased COVID-19-related mortality and 
hospitality [23, 24]. Additionally, research involving 
adult diabetes patients has identified hyperglycemia as 
an independent factor associated with a severe prognosis 
in individuals hospitalized for COVID-19 [25, 26]. Con-
versely, some studies have reported contradictory find-
ings. Roque Cardona-Hernandez and colleagues revealed 
that children with diabetes exhibited similar outcomes 
and prognosis to their non-diabetic peers across five 
centers [27]. Similarly, Revital Nimri and his colleagues 
found that young individuals with established T1D expe-
rienced mild COVID-19 infections in Israel. However, 
their research also suggested that elevated glucose levels 
during COVID-19 infection and older age were associ-
ated with a prolonged disease course [28].

Individuals with T1D encountered heightened challenges in 
managing their blood glucose levels
The number of T1D children has increased sharply in 
recent years [29], how to face the risks from pandemic is a 
challenge for patients and their parents. A cross-sectional 
study involving 98 children and adolescents with T1D 
identified several key challenges faced by Iranian patients 
due to pandemic restrictions. These challenges included 
the necessity for increased insulin doses, reduced physi-
cal activity, insulin shortages, and missed morning insu-
lin doses [30]. Other studies also noted weight gain, a 
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General characteristics of epidemiological studies during the pandemic vs. before
Study Design Country Age Gen-

der, 
(M)

Data collec-
tion period 
during the 
pandemic

T1D 
diagnosis 
criteria

DKA 
diagnosis

Outcome
Group before after

Ivana 
Rabbone(17)

Cross-sectional Italian 0– 14 NR 20 February 
2020-14 April 
2020

Autoan-
tibody 
positivity

International 
Society for 
Pediatric and 
Adolescent 
Diabetes 
criteria

Diabetes 208 160
DKA 86 61
Severe DKA 31 27

Clemens 
Kamrath(3)

Cross-sectional Germany 9.9 
(5.8–12.9)

327 
(61.5)

13 March 
2020-13 May 
2020

NR DKA: pH level 
less than 7.3 
and/or bicar-
bonate level 
less than 15 
mmol/L
 severe: a 
pH level less 
than 7.1 and/
or bicar- 
bonate level 
less than 5 
mmol/L

DKA 24.50% 44.70%
Severe DKA 13.90% 19.40%

Heli Salmi(61) Retrospective 
cohort study

Finland 10.0 
(8.1–12.3)

11 (55) 1 April 
2020–31 Oc-
tober 2020

NR Blood 
pH < 7.10

PICU-DKA 6.25 20
PICU-Severe 
DKA

19 15

Cohort-DKA 57.75 84
Cohort-Severe 
DKA

20 13

Josephine 
Ho(7)

Retrospective 
chart review

Alberta, 
Canada

less than 
18 years

46 (43) 17 March 
17 2020-31 
August 2020

2018 
Diabetes 
Canada 
Clinical 
Practice 
Guidelines

Hyperglyce-
mia (blood 
glucose > 11 
mmol/L) 
and blood 
pH < 7.3 or 
bicarbon-
ate < 15 
mmol/L and 
ketonemia 
or ketonuria 
(based on 
beta-
hydroxybu-
tyrate level 
or pres- ence 
of urinary/
serum 
ketones)

Diabetes 114 107
DKA 52 73

Sinéad M. 
McGlacken-
Byrne(89)

Cross-sectional 
study

North 
Central 
London

10.6 (range 
3.2–16.3)

9 (52.9) 23 March 
2020 − 30 
June 2020

NR A pH level 
less than 7.3 
and severe 
DKA as a pH 
level less 
than 7.1

No DKA 21 4
Mild DKA 4 1
Moderate DKA 2 4
Severe DKA 3 8

Table 1 Studies on Changes in the Incidence of New-Onset Diabetes and Diabetic ketoacidosis (DKA) in Children during the 
Pandemic. (PICU, Pediatric Intensive Care Unit; T1D, type 1 diabetes; NR, not reported)
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significant rise in HbA1c levels, and an increase in daily 
insulin requirements among children with T1D during 
the pandemic [31, 32]. Furthermore, the mental health 
of children with diabetes has gained increased atten-
tion. A retrospective evaluation of 39 patients with T1D 
who experienced acute hospitalizations revealed that 
approximately 6 out of 11 (55%) patients hospitalized in 
2021 had witnessed diabetes deterioration due to emo-
tional distress, a phenomenon not prominently observed 
in the pre-COVID era [33]. Additionally, S. B. Koca and 
colleagues conducted a cross-sectional clinical and labo-
ratory study, revealing a statistically significant positive 
correlation between HbA1c levels and Children’s Depres-
sion Inventory (CDI) scores, which serve as an indicator 
of depression status [34].

Conversely, María Sánchez Conejero and her col-
leagues reported contrasting results in an observational, 

retrospective study involving children and adolescents 
with T1D who utilized interstitial glucose monitoring 
systems. Their findings indicated that during a 2-week 
lockdown period, the glycemic control of children with 
T1D actually improved, particularly among those who 
had poorer baseline control [35]. Interestingly, another 
observational cohort study conducted by Namam Ali 
suggested improvements in glucometer data, includ-
ing HbA1c and data from finger glucose monitoring 
(FGM) systems, among individuals with T1D during the 
COVID-19 pandemic and lockdown. Notably, FGM users 
demonstrated better outcomes [36]. Furthermore, dietary 
management has become increasingly crucial in diabetes 
treatment. A study involving 764 participants highlighted 
that eating habits were significantly worse among youths 
with diabetes compared to those without diabetes. This 

General characteristics of epidemiological studies during the pandemic vs. before
Study Design Country Age Gen-

der, 
(M)

Data collec-
tion period 
during the 
pandemic

T1D 
diagnosis 
criteria

DKA 
diagnosis

Outcome
Group before after

Niels H 
Birkebaek(6)

International 
multicentre 
study

Interna-
tional

9·9 
(6·1–12·8)

4521 
(55.1%)

2020 NR International 
Society for 
Pediatric and 
Adolescent 
Diabetes 
(ISPAD) 
criteria

DKA 27.30% 36.60%

Shira 
Goldman(90)

Population-
based study

Israeli 9.9 
7.5,13.2)0.2]

87 
(59.6)

15 March 
2020-30 June 
2020

ISPAD pH level less 
than 7.3 or 
a bicarbon-
ate level 
less than 15 
nmol/L

Diabetes 113 146
Mild DKA 17 27
Moderate DKA 12 29
Severe DKA 15 29

Arzu 
Jalilova(91)

Cross-sectional 
study

Turkey 9.4 (0.8–18) 105 
boys 
(52.7%)

March 2020-
March 2021

ISPAD ISPAD criteria DKA 55.30% 58.30%
Severe DKA 24.20% 30.40%

Mikael 
Knip(16)

Observational 
cohort study

Finland 8·41 (3.75) 458 
(58·3%; 
54·9 to 
64·7%)

1 March 1 
2020-31 Aug 
2021

American 
Diabetes 
Associa-
tion (ADA) 
criteria

NR DKA 22.60% 30.80%
Severe DKA 5.90% 8.80%

C. Baechle(8) Cross-sectional 
study

Germany 9.8 
(6.0–12.9)

55.90% 2020 NR DKA was 
defined 
as pH-val-
ue < 7.3 and/
or bicarbon-
ate level < 15 
mmol/l 
Severe DKA 
(sDKA) as pH-
value < 7.1 
and/or serum 
bicarbon-
ate level < 5 
mmol/l

Diabetes 19.80% 24.90%
DKA 4.10% 8.30%
Severe DKA 1.40% 3.00%

Table 1 (continued) 
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underscores the importance of lifestyle education during 
the pandemic [37].

Mechanistic interaction between COVID-19 and 
diabetes
Direct damage to pancreas
Viral infection and diabetes
Numerous reports and studies have explored the connec-
tion between viral infections and the onset of new dia-
betes cases. A compelling body of evidence has emerged 
from cases of robust type-1 diabetes characterized by 
the sudden onset of insulin-dependent hyperglycemia 
and, in some instances, ketoacidosis, even in individu-
als without detectable autoantibodies. Symptoms such 
as fever and cough have been identified as potential trig-
gers for this new-onset diabetes. Virology studies have 
further detected RNA from enteroviruses in four patients 
afflicted with new-onset diabetes. Meta-analysis have 
provided substantial evidence linking enterovirus infec-
tions to the significant incidence of new-onset diabetes 
[38]. Furthermore, researchers have observed that indi-
viduals infected with Hepatitis C face an elevated risk 
of developing diabetes when compared to non-infected 
populations [39]. In vitro studies have also demonstrated 
that Coxsackie B virus can lead to beta cell dysfunction 
or even cell death [40].

During the acute phase of viral infection, the virus 
can replicate within pancreatic β cells, resulting in the 
direct destruction of these cells and triggering a cytotoxic 
immune response [41]. Following the acute phase, β cells 
within the islets are predominantly targeted by autoim-
mune processes and epitope diffusion. Sustained over-
expression of major histocompatibility complex (MHC) 
molecules can expose β cell epitopes to the immune 
system, heightening the risk of autoimmune dysfunc-
tion. Another crucial mechanism of damage involves 
bystander effects, which are mediated by cytokines, par-
ticularly interferon-alpha (INF-α), interferon-beta (INF-
β), interferon-gamma (IFN-γ), tumor necrosis factor 
(TNF), and interleukin-1beta (IL-1β). These cytokines 
can induce endoplasmic reticulum stress and trigger 
apoptosis in islet cells, as observed in animal models. 
Additional potential mechanisms include molecular 
mimicry and bystander activation, although their rel-
evance to humans remains to be conclusively established.

The mechanisms of covid-19 cellular entry
The infection process is illustrated in Fig. 1. COVID-19, 
a positive-sense single-stranded RNA coronavirus, com-
prises four essential protein components: membrane (M), 
envelope (E), nucleocapsid (N), and spike (S) proteins. 
During the cellular entry process, the S protein interacts 
with angiotensin-converting enzyme 2 (ACE2), which 
is widely expressed in the human respiratory system. 

Subsequently, the virus undergoes endocytosis, leading 
to the fusion of the virus with the host cell membrane. 
Simultaneously, the bound S protein is cleaved by the 
membrane-bound serine protease Transmembrane Ser-
ine Protease 2 (TMPRSS2), activating the endocytic pro-
cess and enabling the virus to enter the host cell. In this 
context, the RNA within the virus directly engages with 
ribosomes to initiate replication and translation pro-
cesses, resulting in the production of viral proteins and 
RNAs. Following modification, assembly, and packaging, 
the virus is released from the host cell through exocyto-
sis, subsequently infecting other cells.

COVID-19 infection of pancreatic beta cells
Evidence from clinical samples from human
Pancreatic β cells, responsible for insulin synthesis and 
secretion, play a pivotal role in regulating glucose lev-
els within the human body. In the context of COVID-
19 infection, the ACE2 receptor assumes a central role. 
Analyses of public databases have demonstrated the 
expression of ACE2 receptors not only in exocrine glands 
but also in islets, including β cells, with higher expression 
levels compared to the lungs [42]. Besides, the expres-
sion of ACE2, TMPRSS, Dipeptidyl peptidase 4 (DPP4), 
high molecular group box 1 (HMBG1), and Neuropi-
lin-1 receptor (NRP1) on the membrane of islet β cells, 
also facilitates viral entry. The investigation into the 
impact of COVID-19 on islet β-cells initially stemmed 
from autopsy reports, where scientists observed pancre-
atic tissue degradation in three patients who succumbed 
to COVID-19 infection. A study in Wuhan, China, fur-
ther identified elevated levels of amylase and lipase in 
COVID-19 patients, even in cases with mild symp-
toms, with more significant elevations seen in severe 
cases. Computed tomography scans of severely infected 
COVID-19 individuals indicated pancreatic changes such 
as pancreas enlargement or pancreatic duct dilation, 
without signs of acute necrosis [42]. Syairah Hanan Sha-
haruddin and colleagues conducted a study utilizing live 
human pancreatic cultures and postmortem pancreatic 
tissue from COVID-19 patients, revealing the virus’s abil-
ity to infect pancreatic tissues, encompassing endocrine 
islets, exocrine acinar cells, and ductal cells within the 
pancreas [43].

Structure and transcriptional change in islets after infection
In infected human islets, both insulin content and glu-
cose-stimulated insulin secretion experienced signifi-
cant decreases when compared to mock-treated islets, 
implying a detrimental impact on islet function. Janis A 
Müller and colleagues found following infection, endo-
crine cells exhibited subcellular and functional damage, 
including dilation and vacuolization of the endoplas-
mic reticulum (ER)-Golgi apparatus complex, as well as 
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a loss of the ability to transition from high glucose lev-
els to low glucose levels [44]. Transcriptional analysis 
revealed defects in protein secretion, a loss of cell iden-
tity, and an enrichment of IFN type 1 response [44]. 
Additionally, in another study, by staining for autopsy 
tissue from COVID-19 patients and normal individu-
als, the scientists suggested that COVID-19 infiltration 
induces the expression of phosphorylation of mixed lin-
age kinase domain-like protein (pMLKL), which may be 
considered a signal of necroptosis [45]. Besides, scien-
tists observed that infection induced apoptosis in β-cells. 
Through the application of global phosphoproteomics, 
substrate-based kinase activity prediction, along with 
kinase set enrichment analysis and gene set enrichment 
analysis, they unveiled an upregulation of stress-response 
Mitogen-activated protein (MAP) kinases, including 
c-Jun NH2-terminal kinase (JNK)/p38 (MAPK8/11), and 
cytoskeleton-reorganizing p21-activated kinases (PAK), 
both of which can trigger cell death through apoptosis 
pathways. Furthermore, several members of the protein 
kinase C (PKC) family exhibited downregulation [4].

Damage from inflammation induced by infection
Moreover, as a pathogen, COVID-19 can trigger a cyto-
kine release syndrome, characterized by elevated levels 
of inflammatory cytokines, including IL-1β [46], inter-
leukin 1 (IL-6) [47], interleukin 12 (IL-12) [48], IFN-γ 
[49], and TNF-α [50]. These inflammatory cytokines may 
result in β cell dysfunction and damage, as well as stimu-
late immune cell responses within the islets, ultimately 
leading to cell destruction via intrinsic cellular signal-
ing pathways. Some scientists have also suggested that 
COVID-19 infection can induce a hypercoagulable state, 
causing endothelial injury, which in turn exacerbates 
microvascular inflammation, thrombosis, and damage to 
cells in human islets [51].

Susceptibility in islets cells under infection
In pancreatic tissues, there exist two types of islet cells, β 
cell plays a more important role in glucose metabolism, 
however, is more vulnerable in damage of infection. In 
a separate study that centered on pancreatic tissue from 
donors who had not been infected by COVID-19, scien-
tists discovered that ACE2 and TMPRSS2 were generally 

Fig 1 The fundamental infection process triggered by COVID-19 and subsequent immune response in the human body. (APC, Antigen-presenting cells; 
S1, spike 1;S2, spike 2; ACE2, angiotensin-converting enzyme 2; B cell, bursa dependent lymphocyte; T cell, thymus dependent lymphocyte)
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expressed in both β-cells and α-cells but at low protein 
levels. However, two other receptors, NRP1 and transfer-
rin receptor protein 1 (TFRC), displayed robust expres-
sion specifically in β-cells, not in α-cells. This suggests a 
potential mechanism for COVID-19’s tropism for β-cells 
[4]. In another in-vitro study, the efficiency of COVID-
19 infection significantly decreased in the following co-
treatment with the small molecule EG00229, a selective 
NRP1 antagonist [4].

Dysfunction beyond pancreatic
In addition to directly affecting human islets, COVID-19 
can also induce hyperglycemia by infecting other tissues, 
as illustrated in Fig. 2.

Glucose metabolism
Glucose metabolism plays a crucial role in the mecha-
nisms of diabetes. Catabolic processes like glycolysis 
occur in the liver, muscle, and nearly all peripheral tis-
sues, while anabolic stages include gluconeogenesis and 
glycogen synthesis. These pathways collectively regulate 
glucose levels within the body. Any impairment in glu-
cose metabolism within these pathways can result in glu-
cose level dysfunction. Multiple studies have identified 
elevated blood glucose levels as a significant indepen-
dent risk factor for severe infection and worse outcomes. 
Ana Campos Codo and her colleagues conducted a study 
focusing on monocytes and macrophages, which are 
believed to play an essential role in the disease’s patho-
genesis. They discovered that these cells undergo a shift 
towards heightened glycolysis after infection, facilitating 
COVID-19 replication [52]. In vitro studies further dem-
onstrated that increasing glucose levels in culture led to 
a significant rise in viral load, as well as the expression 
of ACE2 and IL-1β in monocytes infected by COVID-
19. Elevated glucose levels also trigger the secretion of 

cytokines, including TNF-α, IL-6, IFN α, β, and λ. Mono-
cytes isolated from tissues of diabetes patients exhibited a 
higher viral load compared to normal controls [52]. Pro-
teomic studies suggested an upregulation of glycolysis-
related pathways after infection, indicating that increased 
glycolysis could be a distinctive feature of COVID-19 
infection compared to other respiratory viruses [52]. 
Additionally, further research based on bronchoalveolar 
lavage (BAL) monocytes from severe COVID-19 patients 
found that metabolic state changes were promoted by 
hypoxia-inducible factor-1α (HIF-1α), which was sta-
bilized by mitochondrial reactive oxygen species (ROS) 
production triggered by infection [52].

Inflammation
The most prevalent pathophysiological change observed 
in the organs of COVID-19 patients is uncontrolled 
inflammation. Key manifestations include widespread 
damage to the alveoli, infiltration of inflammatory cells 
in hyaline membranes, as well as inflammation in the 
liver, myocardium, and brain. Jérôme Hadjadj and col-
leagues conducted an integrated immune analysis on 
a cohort of 50 COVID-19 patients with varying disease 
severity. They discovered a significant impairment in the 
interferon (IFN) type I response, which was associated 
with persistent viral load in the bloodstream and an exac-
erbated inflammatory response. However, the inflam-
mation is primarily driven by increased production and 
signaling of TNF-α and IL-6 [53]. In addition to changes 
in immune types, severe COVID-19 patients also experi-
ence cytokine storms, which can pose a life-threatening 
risk. A retrospective study conducted in Wuhan indi-
cated alterations in immune types in patients following 
COVID-19 infection [47]. Furthermore, the research-
ers identified IL-6 and lactate dehydrogenase (LDH) as 
independent parameters for predicting the severity of 

Fig 2 The dysfunction of endocrine organs and its impact on metabolic systems following COVID-19 infection

 



Page 8 of 13Wu et al. Diabetology & Metabolic Syndrome           (2024) 16:28 

COVID-19. In innate immunity, IL-6 plays a crucial role 
as a pro-inflammatory factor, capable of causing damage 
to proteins, lipids, and DNA in organs and tissues, ulti-
mately affecting the body’s structure and function [54]. 
Elevated inflammatory biomarkers like IL-6 have been 
linked to an increased risk of both microvascular and 
macrovascular complications due to low-grade vascular 
inflammation, which could contribute to the severity of 
diabetes [55].

Insulin resistance
Insulin resistance plays a critical role in the develop-
ment and progression of diabetes, particularly in type 2 
diabetes. However, insulin resistance following COVID-
19 infection differs from diet-induced insulin resistance, 
as it is primarily driven by inflammation affecting meta-
bolic organs or the entire body. Elettra Barberis and her 
colleagues utilized metabolomic approaches to identify 
lipid biomarkers in COVID-19 patients, providing evi-
dence of insulin resistance development post-infection 
[56]. Moritz Reiterer and his colleagues observed a fre-
quent association between hyperglycemia and severe 
respiratory syndrome in COVID-19 patients, with insu-
lin resistance identified as a leading factor. Their research 
also revealed lower levels of adiponectin in COVID-19 
patients. Subsequent studies indicated that COVID-19 
has the capacity to replicate in hamster adipose tissue 
and modify adipokine expression, particularly leading to 
a reduction in adiponectin expression [57].

In addition to adipose tissue, the metabolic condition 
of skeletal muscle also plays a role in the severity of insu-
lin resistance. Marko Šestan and colleagues discovered 
that the virus-induced IFN-γ can reduce the expres-
sion of insulin receptors in skeletal muscle, resulting in 
a state of hyperinsulinemia. This state can further boost 
antiviral immunity by directly stimulating the function 
of CD8 + effector T cells. Consequently, viral infection 
may accelerate the development of diabetes in individu-
als with pre-existing insulin resistance conditions, such 
as obesity or fatty liver diseases [58].

Circulation
As a state of endocrine dysfunction, the interplay 
between organs holds significant implications for the 
development and severity of diseases. Endocrine hor-
mones serve as crucial bridges between these organs. In 
light of the evidence indicating hyperglycemia following 
COVID-19 infection, researchers have identified a glu-
cogenic hormone known as GP73 [59]. GP73 is secreted 
by various tissues during fasting and is notably elevated 
in lung, liver, and kidney tissues post COVID-19 infec-
tion. Experiments with cultured cells have shown that 
GP73 secretion increases following COVID-19 infection 
or overexpression of COVID-19 nucleocapsid and spike 

proteins in a dose and time-dependent manner [59]. 
Studies on mice have revealed that after GP73 injection, 
these molecules are primarily transported to the liver 
and kidneys, with higher accumulation observed after 
30 min. Additionally, researchers have demonstrated that 
GP73 can enhance the expression of key gluconeogenic 
enzymes, intracellular cAMP levels, and PKA kinase 
activity, thereby increasing glucogenesis. Subsequent 
investigations have indicated that blocking GP73 can 
inhibit excessive glucogenesis and reduce elevated glu-
cose levels during fasting stages after COVID-19 infec-
tion in vitro and in vivo [59]. As detection technologies 
advance, more hormones remain to be discovered, poten-
tially serving as therapeutic targets in the future.

The management advice in patients with COVID-19 
and diabetes
During the COVID-19 pandemic, individuals with new-
onset or pre-existing diabetes encountered significant 
challenges in managing their blood glucose levels. As we 
reflect on the lessons and experiences gained from the 
pandemic’s impact on diabetes, this section will outline 
advanced strategies for blood glucose control and offer 
clinical recommendations for managing new-onset dia-
betes in COVID-19-positive patients.

The causal relationships between COVID-19 and diabetic 
ketoacidosis
During the pandemic, the incidence of DKA increased 
significantly compared to before. As a severe condition 
of T1D, the physiological causal relationships alone can-
not fully explain this phenomenon. Other contributing 
factors need attention from doctors and parents. Firstly, 
with a sharp increase in children infected by the virus, 
there was a simultaneous exaggeration of the shortage 
of clinical resources. Children with diabetes might not 
be diagnosed promptly, leading to delayed insulin treat-
ment and prolonged symptoms compared to previous 
years [60]. Additionally, due to lockdown policies, chil-
dren with T1D may face difficulties accessing convenient 
clinical guidance, potentially resulting in poorer control 
of their blood glucose levels [61]. The application of tele-
phone medical services in some countries and areas has 
proven effective and efficient in helping manage blood 
glucose levels [62]. Moreover, as COVID-19 is a viral 
infection, its symptoms may differ significantly. The signs 
of diabetes could be dismissed initially. Furthermore, 
COVID-19-induced cytokine storms, the use of steroids 
for COVID-19 treatment, and changes in lifestyle dur-
ing the pandemic can all contribute to an increased inci-
dence of new-onset DKA in children [60].
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Suggestions for children suffered from diabetes and 
COVID-19
As children suffer from COVID-19, doctors and fami-
lies should be aware of the symptoms of diabetes. If the 
children feel more thirsty and hungry than before, uri-
nate a lot than usual and lose weight without trying their 
blood glucose level, a comprehensive laboratory test is 
important and necessary [63]. As mentioned in literature, 
new-onset diabetes is processed aggressively during the 
pandemic and lockdown, doctors and families need to 
pay attention to the clinical signs of DKA, and provide 
positive and effective treatment for them [7]. Besides, 
doctors should monitor the plasma glucose, electrolytes, 
pH, and blood ketones of hydroxybutyrate to recognize 
severe cases immediately [64]. Furthmore, some effective 
monitor warning system for DKA also could be applied 
before comprehensive laboratory tests [65]. For preven-
tion, multiple studies found the severity of infection will 
influence the risk of new-onset diabetes [66], and the 
application of vaccines could ameliorate the severity of 
infection [67]. Therefore providing positive treatment 
for infection and injecting vaccine will lower the rates of 
new-onset diabetes, although the conclusion needs more 
direct evidence [68].

Diabetes condition may lead to bad outcomes after 
COVID-19 infections [23]. For children with diabetes, 
preventing the infection of COVID-19 has great mean-
ing. Italian Society for Pediatric Endocrinology and 
Diabetology (ISPED) recommends the children follow 
the following suggestions to lower the risks of infection: 
(1) Stay at home, and avoid crowded places. (2) Wash 
the hands, don’t touch eyes, nose and mouth (3) Cover 
mouth and nose with bent elbow or tissue when cough-
ing or sneezing (4) Avoid contacts with other persons, 
particularly if affected by COVID-19 (5) Don’t interrupt 
vaccination program [69]. As to the children with T1D, 
they suggest the parents and children maintain good 
metabolic control, and increase the glucose monitor-
ing by means of technological devices including pumps 
and continuous glucose monitoring. Besides, it is neces-
sary to promote adherence to healthy nutrition, increase 
fruit and vegetable intake to avoid minerals and oligo-
elements deficiency and reduce high-calorie food intake. 
Furthermore, they encourage the children to continue 
regular physical activity [69]. In case of suspected symp-
toms, including difficult breathing or shortness of breath, 
persistent pain and chest pressure, parents should imme-
diately contact the general practitioner and the hospital.

Managing DKA in the intensive care unit
Numerous studies have indicated that the incidence of 
DKA is associated with an increased risk of mortality 
from infections. Hence, early recognition of the clinical 
signs of DKA is crucial. Initial case reports described the 

clinical characteristics of children with both COVID-19 
and diabetes. Common symptoms included weight loss, 
polyphagia, and polyuria [70], resembling the symp-
toms of DKA in children without COVID-19 infection. 
As a special type of fulminant T1D, Flu-like symptoms 
(fever, upper respiratory symptoms, etc.) are frequently 
observed as preceding symptoms [71]. Besides, some 
children with DKA presented at the hospital with gastro-
enterological symptoms, such as nausea, vomiting, diar-
rhea, and altered mental status [72–74]. Analysis of blood 
gas results demonstrated a significant decrease in labora-
tory parameters, including pH and HCO3 lactate. These 
findings suggest a more severe dysfunction of aqueous 
electrolytes in children affected by both COVID-19 and 
DKA [75]. Further laboratory tests conducted by Merav 
Gil Margolis and colleagues revealed higher HbA1c lev-
els and a lower occurrence of diabetes antibodies in the 
infection group compared to the COVID-19-negative 
group [76].

DKA is a severe complication commonly occurring in 
T1D patients. Its treatment involves several steps, with 
the International Society of Pediatric and Adolescent 
Diabetes (ISPAD) recommending fluid and electrolyte 
replacement as the first step. This helps restore circu-
lating volume, replace sodium and water deficits, and 
improve glomerular filtration while aiding the clearance 
of glucose and ketones from the blood. Subsequently, 
insulin therapy is initiated, followed by the introduction 
of oral fluids, and transitioning to subcutaneous insulin 
injections. These decisions are based on monitoring vari-
ous metrics, including the recovery of serum electrolytes, 
glucose, blood urea nitrogen, calcium, magnesium, phos-
phate, and blood gases.

When children with new-onset diabetes exhibit signs 
of DKA, such as somnolence and polypnea, it’s cru-
cial for physicians to initiate prompt treatment. Beyond 
the noted heightened insulin requirements mentioned 
in the study, the fundamental treatment strategies and 
post-treatment outcomes did not exhibit significant dif-
ferences from those children suffering DKA without 
infection [77]. Amid the pandemic, given the constraints 
on intensive care unit (ICU) clinical resources and blood 
glucose monitoring devices, reevaluating DKA treatment 
protocols becomes imperative. While subcutaneous insu-
lin therapy was not traditionally employed for DKA treat-
ment pre-pandemic, emerging clinical trials suggest its 
efficacy for adults with mild to moderate DKA [78, 79]. 
In practical terms, initiating treatment with a subcuta-
neous rapid-acting insulin analog at a dosage of 0.15 U/
kg post-fluid replacement is recommended. Subsequent 
dosage adjustments every two hours should be guided 
by continuous blood glucose monitoring [80]. Addition-
ally, subcutaneous short-acting regular insulin stands as 
a viable and safe alternative for pediatric patients with 
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mild to moderate DKA. A starting dose of 0.13 to 0.17 
U/kg every four hours, adjustable based on blood glu-
cose levels, is advised. In situations where patient tissue 
perfusion remains compromised, intramuscular insulin 
administration is advocated [80].

In the present era, there are numerous innovative 
devices designed for monitoring glucose levels, and these 
advancements hold significant potential, especially dur-
ing the pandemic. Despite the widespread use of glucom-
eters as a popular tool for monitoring glucose levels, they 
fall short in providing real-time results to comprehend 
the entire trend in the DKA process [60]. HbA1c levels, 
often used as a long-term monitoring substitute, may not 
promptly identify glucose abnormalities during signifi-
cant changes. Continuous Glucose Monitoring (CGM) 
devices are increasingly becoming commonplace in man-
aging diabetes patients [81]. These devices can capture 
and measure blood glucose levels in real time [82]. Scien-
tists have observed that CGM data accurately reflects the 
fluctuations and baseline levels of glucose in the blood, 
aiding in determining insulin doses and ensuring glucose 
safety [83]. An advanced device that integrates the detec-
tion of blood glucose and an insulin pump can adjust 
insulin doses based on routine CGM levels [84]. How-
ever, due to the characteristics of high cost, complexity, 
and need for expertise, CGM could serves as a valuable 
supplement and should not replace point-of-care blood 
glucose testing for children [85].

Prospects of research between COVID-19 and diabetes
Based on bi-directional relationships between diabetes 
and COVID-19, it is vital to figure out whether diabetes is 
a consequence of COVID-19 or the complication of virus 
infection. In this case, more evidence from epidemiol-
ogy research or long-time follow-up study are needed to 
support the idea. In reviews and comments, many scien-
tists mentioned the better outcome in patients injection 
vaccines [86]. As a complication of COVID-19 infec-
tion, incidence of diabetes could be inferred to be lower 
after vaccine injection, however, the solid evidence is still 
needed. Besides, diabetes is a systematic disease based 
on the dysfunction of endocrinology organs and tissues, 
more studies should be conducted to figure out the role 
of liver and adipose tissue in the incidence and process of 
new-onset diabetes after infection. Furthermore, with the 
research on the mechanisms of diabetes, more spot-light 
targets and fields has been revealed and raised the atten-
tion, including microbiome and Inheritance [87, 88]. And 
these new-found pathways could be the bridges between 
diabetes and virus infection. In conclusion, the aim and 
scope of investigating the mechanisms behind the rela-
tionships was to develop pharmaceutical interventions to 
ameliorate infection-related dysglycemia and broad the 
boundary of diabetes prevention and treatment.

However, the review also has some limitations. Firstly, 
the narrative review itself has inherent limitations. To 
mitigate bias in literature selection and evaluation, it 
would be beneficial to apply systematic review or meta-
analysis to draw definitive conclusions regarding the 
relationships between infection and new-onset diabe-
tes. Additionally, as basic research on the infection of 
COVID-19 and diabetes advances, our understanding 
of these two diseases will deepen, leading to the discov-
ery of more pathways and correlations that support the 
causal relationships between them. Furthermore, as an 
increasing number of cases involving children with virus 
infections and diabetes are reported, a comprehensive 
and reliable description of clinical features will be sum-
marized. This will help derive effective measures to pre-
vent the incidence of diabetes after viral infections, not 
restricted to COVID-19.

Conclusion
During the COVID-19 pandemic, there has been an 
increase in the incidence of new-onset diabetes, partic-
ularly with a higher prevalence of Diabetic Ketoacidosis 
(DKA) and severe DKA. Both in vivo and in vitro basic 
research provide multiple mechanisms to elucidate the 
risk of diabetes following a COVID-19 infection. Con-
sidering COVID-19 as a type of virus, the pandemic has 
imparted valuable experiences and lessons. By apply-
ing these insights, we can significantly improve our 
prevention and treatment strategies for virus-induced 
new-onset diabetes. This, in turn, will help reduce patient 
mortality rates and alleviate the economic burden on 
both individual countries and the global community.

Acknowledgements
Not applicable.

Author contributions
Z.W contributed to searching of the literatures, drafting, reviewing and 
revising of the manuscript, J.W contributed to searching of the literatures, 
reviewing and revising of the manuscript. R.U. contributed to reviewing and 
revising of the manuscript, M.C. contributed to searching of the literatures 
and drafting reviewing, K.H contributed to reviewing and revising of the 
manuscript, G.D. contributed to reviewing and revising of the manuscript, 
J.F. contributed to conceptualization, supervision, reviewing and revising 
for important intellectual content. We also thank Biorender (https://app.
biorender.com/) for expert assistance in the pattern drawing. All authors read 
and approved the final manuscript.

Funding
This work was supported by the National Key Research and Development 
Program of China (No. 2021YFC2701901 and No. 2016YFC1305301), the 
National Natural Science Foundation of China (No. 82370863,81570759 and 
81270938), the Fundamental Research Funds for the Central Universities 
(2020XZZX002-22), Key R&D Program of Zhejiang (No. 2023C03047), 
the Research Fund of Zhejiang Major Medical and Health Science and 
Technology & National Ministry of Health (WKJ-ZJ-1804), Zhejiang Provincial 
Natural Science Foundation of China (LQ20H070003), Zhejiang Provincial 
Key Disciplines of Medicine (Innovation Discipline, 11-CX24), and Zhejiang 
Province Natural Sciences Foundation Zhejiang Society for Mathematical 
Medicine (LSZ19H070001).



Page 11 of 13Wu et al. Diabetology & Metabolic Syndrome           (2024) 16:28 

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 November 2023 / Accepted: 14 January 2024

References
1. Organization WH. WHO Coronavirus (COVID-19) Dashboard https://covid19.

who.int/2023 [.
2. Unsworth R, Wallace S, Oliver NS, Yeung S, Kshirsagar A, Naidu H, et al. New-

Onset type 1 diabetes in children during COVID-19: Multicenter Regional 
findings in the U.K. Diabetes Care. 2020;43(11):e170–e1.

3. Kamrath C, Mönkemöller K, Biester T, Rohrer TR, Warncke K, Hammersen J, et 
al. Ketoacidosis in children and adolescents with newly diagnosed type 1 dia-
betes during the COVID-19 pandemic in Germany. JAMA. 2020;324(8):801–4.

4. Wu CT, Lidsky PV, Xiao Y, Lee IT, Cheng R, Nakayama T, et al. SARS-CoV-2 
infects human pancreatic β cells and elicits β cell impairment. Cell Metab. 
2021;33(8):1565–76e5.

5. Karavanaki K, Rodolaki K, Soldatou A, Karanasios S, Kakleas K. Covid-19 infec-
tion in children and adolescents and its association with type 1 diabetes 
mellitus (T1d) presentation and management. Endocrine. 2023;80(2):237–52.

6. Birkebaek NH, Kamrath C, Grimsmann JM, Aakesson K, Cherubini V, Dovc K, et 
al. Impact of the COVID-19 pandemic on long-term trends in the prevalence 
of diabetic ketoacidosis at diagnosis of paediatric type 1 diabetes: an interna-
tional multicentre study based on data from 13 national diabetes registries. 
Lancet Diabetes Endocrinol. 2022;10(11):786–94.

7. Ho J, Rosolowsky E, Pacaud D, Huang C, Lemay JA, Brockman N, et al. Diabetic 
ketoacidosis at type 1 diabetes diagnosis in children during the COVID-19 
pandemic. Pediatr Diabetes. 2021;22(4):552–7.

8. Baechle C, Eckert A, Kamrath C, Neu A, Manuwald U, Thiele-Schmitz S, et al. 
Incidence and presentation of new-onset type 1 diabetes in children and 
adolescents from Germany during the COVID-19 pandemic 2020 and 2021: 
current data from the DPV Registry. Diabetes Res Clin Pract. 2023;197:110559.

9. Ansar A, Livett T, Beaton W, Carrel AL, Bekx MT. Sharp rise in New-Onset 
Pediatric Diabetes during the COVID-19 pandemic. WMJ. 2022;121(3):177–80.

10. Kendall EK, Olaker VR, Kaelber DC, Xu R, Davis PB. Association of SARS-CoV-2 
infection with New-Onset type 1 diabetes among Pediatric patients from 
2020 to 2021. JAMA Netw Open. 2022;5(9):e2233014.

11. Cinek O, Slavenko M, Pomahačová R, Venháčová P, Petruželková L, Škvor J, 
et al. Type 1 diabetes incidence increased during the COVID-19 pandemic 
years 2020–2021 in Czechia: results from a large population-based pediatric 
register. Pediatr Diabetes. 2022;23(7):956–60.

12. Schiaffini R, Deodati A, Rapini N, Pampanini V, Cianfarani S. Increased inci-
dence of childhood type 1 diabetes during the COVID-19 pandemic. Figures 
from an Italian tertiary care center. J Diabetes. 2022;14(8):562–3.

13. McKeigue PM, McGurnaghan S, Blackbourn L, Bath LE, McAllister DA, Capar-
rotta TM, et al. Relation of Incident Type 1 diabetes to recent COVID-19 infec-
tion: Cohort Study using e-Health record linkage in Scotland. Diabetes Care. 
2023;46(5):921–8.

14. Hernández Herrero M, Terradas Mercader P, Latorre Martinez E, Feliu Rovira 
A, Rodríguez Zaragoza N, Parada Ricart E. New diagnoses of type 1 diabetes 
mellitus in children during the COVID-19 pandemic Regional multicenter 
study in Spain. Endocrinol Diabetes Nutr (Engl Ed). 2022;69(9):709–14.

15. Boboc AA, Novac CN, Ilie MT, Ieșanu MI, Galoș F, Bălgrădean M et al. The 
impact of SARS-CoV-2 pandemic on the new cases of T1DM in children. A 
single-centre cohort study. J Pers Med. 2021;11(6).

16. Knip M, Parviainen A, Turtinen M, But A, Härkönen T, Hepojoki J, et al. SARS-
CoV-2 and type 1 diabetes in children in Finland: an observational study. 
Lancet Diabetes Endocrinol. 2023;11(4):251–60.

17. Rabbone I, Schiaffini R, Cherubini V, Maffeis C, Scaramuzza A. Has COVID-19 
delayed the diagnosis and worsened the presentation of type 1 diabetes in 
children? Diabetes Care. 2020;43(11):2870–2.

18. Bogale KT, Urban V, Schaefer E, Bangalore Krishna K. The impact of COVID-19 
pandemic on Prevalence of Diabetic ketoacidosis at diagnosis of type 1 
diabetes: a single-centre study in Central Pennsylvania. Endocrinol Diabetes 
Metab. 2021;4(3):e00235.

19. Rahmati M, Keshvari M, Mirnasuri S, Yon DK, Lee SW, Il Shin J, et al. The global 
impact of COVID-19 pandemic on the incidence of pediatric new-onset type 
1 diabetes and ketoacidosis: a systematic review and meta-analysis. J Med 
Virol. 2022;94(11):5112–27.

20. Rahmati M, Yon DK, Lee SW, Udeh R, Mc EM, Kim MS, et al. New-onset type 1 
diabetes in children and adolescents as postacute sequelae of SARS-CoV-2 
infection: a systematic review and meta-analysis of cohort studies. J Med 
Virol. 2023;95(6):e28833.

21. Alfayez OM, Aldmasi KS, Alruwais NH, Bin Awad NM, Al Yami MS, Almoham-
med OA, et al. Incidence of Diabetic Ketoacidosis among Pediatrics with 
type 1 diabetes prior to and during COVID-19 pandemic: a Meta-analysis of 
Observational studies. Front Endocrinol (Lausanne). 2022;13:856958.

22. Elgenidy A, Awad AK, Saad K, Atef M, El-Leithy HH, Obiedallah AA, et al. Inci-
dence of diabetic ketoacidosis during COVID-19 pandemic: a meta-analysis 
of 124,597 children with diabetes. Pediatr Res. 2023;93(5):1149–60.

23. Holman N, Knighton P, Kar P, O’Keefe J, Curley M, Weaver A, et al. Risk factors 
for COVID-19-related mortality in people with type 1 and type 2 diabetes 
in England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2020;8(10):823–33.

24. Alonso GT, Ebekozien O, Gallagher MP, Rompicherla S, Lyons SK, Choudhary 
A, et al. Diabetic ketoacidosis drives COVID-19 related hospitalizations in 
children with type 1 diabetes. J Diabetes. 2021;13(8):681–7.

25. Son KH, Kim WH, Kwak JG, Choi CH, Lee SI, Ko UW, et al. Hyperglycemia and 
hypoglycemia are Associated with In-Hospital mortality among patients with 
Coronavirus Disease 2019 supported with extracorporeal membrane oxygen-
ation. J Clin Med. 2022;11:17.

26. Coppelli A, Giannarelli R, Aragona M, Penno G, Falcone M, Tiseo G, et al. 
Hyperglycemia at Hospital Admission is Associated with Severity of the prog-
nosis in patients hospitalized for COVID-19: the Pisa COVID-19 study. Diabetes 
Care. 2020;43(10):2345–8.

27. Cardona-Hernandez R, Cherubini V, Iafusco D, Schiaffini R, Luo X, Maahs DM. 
Children and youth with diabetes are not at increased risk for hospitalization 
due to COVID-19. Pediatr Diabetes. 2021;22(2):202–6.

28. Nimri R, Rachmiel M, Yackobovitch-Gavan M, Brener A, de Vries L, Fisch Shvalb 
N, et al. Symptoms and Glycemic Control in Young People with Type 1 diabe-
tes following SARS-CoV-2 infection: an observational study. J Clin Endocrinol 
Metab. 2022;107(8):e3264–e72.

29. Wang J, Wu W, Dong G, Huang K, Fu J. Pediatric diabetes in China: challenges 
and actions. Pediatr Diabetes. 2022;23(5):545–50.

30. Hasan Tehrani T, Razavi Z, Salimi S, Farahi H, Bazmamoun H, Soltanian AR. 
Impact of Coronavirus Disease 2019 outbreak on children and adolescents 
with type 1 diabetes Mellitus. J Res Health Sci. 2021;21(4):e00534.

31. Zubkiewicz-Kucharska A, Wikiera B, Noczyńska A. Weight gain in type 1 dia-
betes during the SARS-CoV-2 pandemic. Does lockdown affect the metabolic 
control of pediatric patients? Front Endocrinol (Lausanne). 2022;13:991269.

32. Sawada M, Ohkuma K, Aihara M, Doi S, Sekine R, Kaneko T, et al. Impact of 
the COVID-19 pandemic on the glycemic control, eating habits, and body 
compositions of people with diabetes mellitus: a retrospective longitudinal 
observational study. J Diabetes Investig. 2023;14(2):321–8.

33. Nowak Z, Gawlik J, Wędrychowicz A, Nazim J, Starzyk J. The incidence and 
causes of acute hospitalizations and emergency room visits in adoles-
cents with type 1 diabetes mellitus prior to and during the COVID-19 
pandemic: a single-centre experience. Pediatr Endocrinol Diabetes Metab. 
2023;29(1):22–9.

34. Koca SB, Bükülmez A, Oflu AT, Tahta EG, Demirbilek H, NUTRITIONAL, HABITS, 
COMPLIANCE WITH HEALTHY DIET, AND INSULIN THERAPY, DEPRESSION 
AND FAMILY FUNCTIONALITY IN CHILDREN WITH TYPE 1 DIABETES MEL-
LITUS DURING THE COVID-19 PANDEMIC PERIOD. Acta Endocrinol (Buchar). 
2022;18(1):40–8.

35. Sánchez Conejero M, González de Buitrago Amigo J, Tejado Bravo ML, de 
Nicolás Jiménez JM. Impact of COVID-19 lockdown on glucemic control in 



Page 12 of 13Wu et al. Diabetology & Metabolic Syndrome           (2024) 16:28 

children and adolescents with type 1 diabetes mellitus. An Pediatr (Engl Ed). 
2022;97(1):22–9.

36. Ali N, El Hamdaoui S, Nefs G, Tack CJ, De Galan BE. Improved glucometrics in 
people with type 1 diabetes 1 year into the COVID-19 pandemic. BMJ Open 
Diabetes Res Care. 2022;10(3).

37. de Oliveira GB, Alessi J, Erthal IN, Teixeira JB, Morello MS, Ribeiro RJE, et al. 
Healthy lifestyle gone bad: effect of the COVID-19 pandemic on the daily 
habits of children and adolescents with type 1 diabetes. Arch Endocrinol 
Metab. 2022;66(3):345–54.

38. Yeung WC, Rawlinson WD, Craig ME. Enterovirus infection and type 1 diabe-
tes mellitus: systematic review and meta-analysis of observational molecular 
studies. BMJ. 2011;342:d35.

39. White DL, Ratziu V, El-Serag HB. Hepatitis C infection and risk of diabetes: a 
systematic review and meta-analysis. J Hepatol. 2008;49(5):831–44.

40. Roivainen M, Rasilainen S, Ylipaasto P, Nissinen R, Ustinov J, Bouwens L, et al. 
Mechanisms of coxsackievirus-induced damage to human pancreatic beta-
cells. J Clin Endocrinol Metab. 2000;85(1):432–40.

41. Flodström M, Maday A, Balakrishna D, Cleary MM, Yoshimura A, Sarvetnick N. 
Target cell defense prevents the development of diabetes after viral infection. 
Nat Immunol. 2002;3(4):373–82.

42. Liu F, Long X, Zhang B, Zhang W, Chen X, Zhang Z. ACE2 expression in 
Pancreas May cause pancreatic damage after SARS-CoV-2 infection. Clin 
Gastroenterol Hepatol. 2020;18(9):2128–30e2.

43. Shaharuddin SH, Wang V, Santos RS, Gross A, Wang Y, Jawanda H, et al. Del-
eterious effects of SARS-CoV-2 infection on human pancreatic cells. Front Cell 
Infect Microbiol. 2021;11:678482.

44. Müller JA, Groß R, Conzelmann C, Krüger J, Merle U, Steinhart J, et al. SARS-
CoV-2 infects and replicates in cells of the human endocrine and exocrine 
pancreas. Nat Metabolism. 2021;3(2):149–65.

45. Steenblock C, Richter S, Berger I, Barovic M, Schmid J, Schubert U, et al. Viral 
infiltration of pancreatic islets in patients with COVID-19. Nat Commun. 
2021;12(1):3534.

46. Conti P, Ronconi G, Caraffa A, Gallenga CE, Ross R, Frydas I, et al. Induction of 
pro-inflammatory cytokines (IL-1 and IL-6) and lung inflammation by Corona-
virus-19 (COVI-19 or SARS-CoV-2): anti-inflammatory strategies. J Biol Regul 
Homeost Agents. 2020;34(2):327–31.

47. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective 
cohort study. Lancet. 2020;395(10229):1054–62.

48. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497–506.

49. Xiong X, Chua GT, Chi S, Kwan MYW, Wong WHS, Zhou A, et al. Haematologi-
cal and immunological data of Chinese children infected with coronavirus 
disease 2019. Data Brief. 2020;31:105953.

50. McElvaney OJ, McEvoy NL, McElvaney OF, Carroll TP, Murphy MP, Dunlea DM, 
et al. Characterization of the inflammatory response to severe COVID-19 
illness. Am J Respir Crit Care Med. 2020;202(6):812–21.

51. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated 
with poor prognosis in patients with novel coronavirus pneumonia. J Thromb 
Haemost. 2020;18(4):844–7.

52. Codo AC, Davanzo GG, Monteiro LB, de Souza GF, Muraro SP, Virgilio-da-Silva 
JV, et al. Elevated glucose levels Favor SARS-CoV-2 infection and mono-
cyte response through a HIF-1α/Glycolysis-Dependent Axis. Cell Metab. 
2020;32(3):437–46e5.

53. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith N, et al. Impaired 
type I interferon activity and inflammatory responses in severe COVID-19 
patients. Science. 2020;369(6504):718–24.

54. Libby P, Simon DI. Inflammation and thrombosis: the clot thickens. Circula-
tion. 2001;103(13):1718–20.

55. Cariou B, Hadjadj S, Wargny M, Pichelin M, Al-Salameh A, Allix I, et al. Pheno-
typic characteristics and prognosis of inpatients with COVID-19 and diabetes: 
the CORONADO study. Diabetologia. 2020;63(8):1500–15.

56. Barberis E, Timo S, Amede E, Vanella VV, Puricelli C, Cappellano G et al. Large-
scale plasma analysis revealed New mechanisms and molecules Associated 
with the host response to SARS-CoV-2. Int J Mol Sci. 2020;21(22).

57. Reiterer M, Rajan M, Gómez-Banoy N, Lau JD, Gomez-Escobar LG, Ma L, et al. 
Hyperglycemia in acute COVID-19 is characterized by insulin resistance and 
adipose tissue infectivity by SARS-CoV-2. Cell Metab. 2021;33(11):2174–88e5.

58. Šestan M, Marinović S, Kavazović I, Cekinović Đ, Wueest S, Turk Wensveen T, et 
al. Virus-Induced Interferon-γ causes insulin resistance in skeletal muscle and 
derails glycemic control in obesity. Immunity. 2018;49(1):164–77e6.

59. Wan L, Gao Q, Deng Y, Ke Y, Ma E, Yang H, et al. GP73 is a glucogenic hormone 
contributing to SARS-CoV-2-induced hyperglycemia. Nat Metabolism. 
2022;4(1):29–43.

60. Agarwal A, Bansal D, Nallasamy K, Jayashree M, William V. Pediatric Diabetes 
and Diabetic Ketoacidosis after COVID-19: challenges Faced and lessons 
Learnt. Pediatr Health Med Ther. 2023;14:281–8.

61. Salmi H, Heinonen S, Hästbacka J, Lääperi M, Rautiainen P, Miettinen PJ, 
et al. New-onset type 1 diabetes in Finnish children during the COVID-19 
pandemic. Arch Dis Child. 2022;107(2):180–5.

62. Elbarbary NS, Dos Santos TJ, de Beaufort C, Agwu JC, Calliari LE, Scaramuzza 
AE. COVID-19 outbreak and pediatric diabetes: perceptions of health care 
professionals worldwide. Pediatr Diabetes. 2020;21(7):1083–92.

63. Libman I, Haynes A, Lyons S, Pradeep P, Rwagasor E, Tung JY, et al. ISPAD 
Clinical Practice Consensus guidelines 2022: definition, epidemiology, and 
classification of diabetes in children and adolescents. Pediatr Diabetes. 
2022;23(8):1160–74.

64. Bornstein SR, Rubino F, Khunti K, Mingrone G, Hopkins D, Birkenfeld AL, et al. 
Practical recommendations for the management of diabetes in patients with 
COVID-19. Lancet Diabetes Endocrinol. 2020;8(6):546–50.

65. Pu J, Zhou X, Ullah R, Dong G, Wu W, Huang K, et al. Optimized simplified 
pediatric diabetes severity warning system for the early identification of 
diabetic ketoacidosis in children. Pediatr Diabetes. 2022;23(5):569–77.

66. Xie Y, Al-Aly Z. Risks and burdens of incident diabetes in long COVID: a cohort 
study. Lancet Diabetes Endocrinol. 2022;10(5):311–21.

67. Moghadas SM, Vilches TN, Zhang K, Wells CR, Shoukat A, Singer BH, et al. The 
impact of vaccination on Coronavirus Disease 2019 (COVID-19) outbreaks in 
the United States. Clin Infect Dis. 2021;73(12):2257–64.

68. Chourasia P, Goyal L, Kansal D, Roy S, Singh R, Mahata I et al. Risk of New-
Onset Diabetes Mellitus as a Post-COVID-19 Condition and possible mecha-
nisms: a scoping review. J Clin Med. 2023;12(3).

69. d’Annunzio G, Maffeis C, Cherubini V, Rabbone I, Scaramuzza A, Schiaffini R, et 
al. Caring for children and adolescents with type 1 diabetes mellitus: Italian 
Society for Pediatric Endocrinology and Diabetology (ISPED) statements dur-
ing COVID-19 pandemia. Diabetes Res Clin Pract. 2020;168:108372.

70. Lança A, Rodrigues C, Diamantino C, Fitas AL. COVID-19 in two children with 
new-onset diabetes: case reports. BMJ Case Rep. 2022;15(1).

71. Imagawa A, Hanafusa T. Fulminant type 1 diabetes-east and west. J Clin 
Endocrinol Metab. 2023;108(12):e1473–e8.

72. Ambati S, Mihic M, Rosario DC, Sanchez J, Bakar A. New-Onset type 1 diabe-
tes in Children with SARS-CoV-2 infection. Cureus. 2022;14(3):e22790.

73. Soliman AT, Al-Amri M, Alleethy K, Alaaraj N, Hamed N, De Sanctis V. Newly-
onset type 1 diabetes mellitus precipitated by COVID-19 in an 8-month-old 
infant. Acta Biomed. 2020;91(3):ahead of print.

74. Rabizadeh S, Hajmiri M, Rajab A, Emadi Kouchak H, Nakhjavani M. Severe 
diabetic ketoacidosis and coronavirus disease 2019 (COVID-19) infection in a 
teenage patient with newly diagnosed diabetes. J Pediatr Endocrinol Metab. 
2020;33(9):1241–3.

75. Kahveci F, Ocak B, Gün E, Gurbanov A, Uçmak H, Aslan AD, et al. Impact of the 
COVID-19 pandemic on diabetic ketoacidosis management in the pediatric 
intensive care unit. Acute Crit Care. 2023;38(3):371–9.

76. Margolis MG, Weizman S, Lazar L, Yakobovich-Gavan M, Tenenbaum A, 
Phillip M et al. Clinical and immunological characteristics of children diag-
nosed with-type 1 diabetes during the COVID-19 pandemic. Diabet Med. 
2023:e15250.

77. Chekhlabi N, Haoudar A, Echcharii N, Ettair S, Dini N. New-Onset diabetes 
with ketoacidosis precipitated by COVID-19 in children: a report of two cases. 
Case Rep Pediatr. 2021;2021:5545258.

78. Umpierrez GE, Cuervo R, Karabell A, Latif K, Freire AX, Kitabchi AE. Treatment 
of diabetic ketoacidosis with subcutaneous insulin aspart. Diabetes Care. 
2004;27(8):1873–8.

79. Umpierrez GE, Latif K, Stoever J, Cuervo R, Park L, Freire AX, et al. Efficacy 
of subcutaneous insulin lispro versus continuous intravenous regular 
insulin for the treatment of patients with diabetic ketoacidosis. Am J Med. 
2004;117(5):291–6.

80. Priyambada L, Wolfsdorf JI, Brink SJ, Fritsch M, Codner E, Donaghue KC, et 
al. ISPAD Clinical Practice Consensus Guideline: Diabetic ketoacidosis in the 
time of COVID-19 and resource-limited settings-role of subcutaneous insulin. 
Pediatr Diabetes. 2020;21(8):1394–402.

81. DeSalvo DJ, Miller KM, Hermann JM, Maahs DM, Hofer SE, Clements MA, et 
al. Continuous glucose monitoring and glycemic control among youth with 
type 1 diabetes: international comparison from the T1D Exchange and DPV 
Initiative. Pediatr Diabetes. 2018;19(7):1271–5.



Page 13 of 13Wu et al. Diabetology & Metabolic Syndrome           (2024) 16:28 

82. Vettoretti M, Cappon G, Acciaroli G, Facchinetti A, Sparacino G. Continuous 
glucose monitoring: current use in Diabetes Management and possible 
future applications. J Diabetes Sci Technol. 2018;12(5):1064–71.

83. Pettus J, Price DA, Edelman SV, HOW PATIENTS WITH, TYPE 1 DIABETES TRANS-
LATE CONTINUOUS GLUCOSE MONITORING DATA INTO DIABETES MANAGE-
MENT DECISIONS. Endocr Pract. 2015;21(6):613–20.

84. Oppel E, Kamann S, Heinemann L, Reichl FX, Högg C. The implanted glucose 
monitoring system Eversense: an alternative for diabetes patients with 
isobornyl acrylate allergy. Contact Dermat. 2020;82(2):101–4.

85. Korytkowski M, Antinori-Lent K, Drincic A, Hirsch IB, McDonnell ME, Rushakoff 
R et al. A pragmatic Approach to Inpatient Diabetes Management during the 
COVID-19 pandemic. J Clin Endocrinol Metab. 2020;105(9).

86. Mohammed I, Nauman A, Paul P, Ganesan S, Chen KH, Jalil SMS, et al. The 
efficacy and effectiveness of the COVID-19 vaccines in reducing infection, 

severity, hospitalization, and mortality: a systematic review. Hum Vaccin 
Immunother. 2022;18(1):2027160.

87. Vatanen T, Franzosa EA, Schwager R, Tripathi S, Arthur TD, Vehik K, et al. The 
human gut microbiome in early-onset type 1 diabetes from the TEDDY study. 
Nature. 2018;562(7728):589–94.

88. Ilonen J, Lempainen J, Veijola R. The heterogeneous pathogenesis of type 1 
diabetes mellitus. Nat Rev Endocrinol. 2019;15(11):635–50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Covid 19 and diabetes in children: advances and strategies
	Abstract
	Introduction
	Epidemiology
	Post-COVID-19 infection may elevate the risk of hyperglycemic states
	Children with diabetes facing heightened risks during COVID-19
	High glycemia level may lead to bad outcome after COVID-19
	Individuals with T1D encountered heightened challenges in managing their blood glucose levels


	Mechanistic interaction between COVID-19 and diabetes
	Direct damage to pancreas
	Viral infection and diabetes
	The mechanisms of covid-19 cellular entry


	COVID-19 infection of pancreatic beta cells
	Evidence from clinical samples from human
	Structure and transcriptional change in islets after infection

	Damage from inflammation induced by infection
	Susceptibility in islets cells under infection

	Dysfunction beyond pancreatic
	Glucose metabolism
	Inflammation
	Insulin resistance
	Circulation

	The management advice in patients with COVID-19 and diabetes
	The causal relationships between COVID-19 and diabetic ketoacidosis
	Suggestions for children suffered from diabetes and COVID-19
	Managing DKA in the intensive care unit
	Prospects of research between COVID-19 and diabetes

	Conclusion
	References


