
World Journal of
Diabetes

ISSN 1948-9358 (online)

World J Diabetes  2022 September 15; 13(9): 668-801

Published by Baishideng Publishing Group Inc



WJD https://www.wjgnet.com I September 15, 2022 Volume 13 Issue 9

World Journal of 

DiabetesW J D
Contents Monthly Volume 13 Number 9 September 15, 2022

REVIEW

Nonalcoholic fatty liver disease and diabetes668

Bellini MI, Urciuoli I, Del Gaudio G, Polti G, Iannetti G, Gangitano E, Lori E, Lubrano C, Cantisani V, Sorrenti S, 
D’Andrea V

A review of potential mechanisms and uses of SGLT2 inhibitors in ischemia-reperfusion phenomena683

Quentin V, Singh M, Nguyen LS

Evolving spectrum of diabetic wound: Mechanistic insights and therapeutic targets696

Chakraborty R, Borah P, Dutta PP, Sen S

MINIREVIEWS

Potential role of Limosilactobacillus fermentum as a probiotic with anti-diabetic properties: A review717

Lacerda DC, Trindade da Costa PC, Pontes PB, Carneiro dos Santos LA, Cruz Neto JPR, Silva Luis CC, de Sousa Brito VP, 
de Brito Alves JL

COVID-19 associated diabetes mellitus: A review729

Gavkare AM, Nanaware N, Rayate AS, Mumbre S, Nagoba BS

Effectiveness and safety of COVID-19 vaccines in patients with diabetes as a factor for vaccine hesitancy738

Vasilev G, Kabakchieva P, Miteva D, Batselova H, Velikova T

ORIGINAL ARTICLE

Basic Study

Hyperglycemia and reduced adiposity of streptozotocin-induced diabetic mice are not alleviated by oral 
benzylamine supplementation

752

Carpéné C, Stiliyanov Atanasov K, Les F, Mercader Barcelo J

Role of insulin in pancreatic microcirculatory oxygen profile and bioenergetics765

Li BW, Li Y, Zhang X, Fu SJ, Wang B, Zhang XY, Liu XT, Wang Q, Li AL, Liu MM

Retrospective Study

Relationship between age of pregnant women with gestational diabetes mellitus and mode of delivery and 
neonatal Apgar score

776

Gao L, Chen CR, Wang F, Ji Q, Chen KN, Yang Y, Liu HW

SCIENTOMETRICS

Mapping the global research landscape on insulin resistance: Visualization and bibliometric analysis786

Zyoud SH, Shakhshir M, Koni A, Abushanab AS, Shahwan M, Jairoun AA, Al Subu R, Abu Taha A, Al-Jabi SW



WJD https://www.wjgnet.com II September 15, 2022 Volume 13 Issue 9

World Journal of Diabetes
Contents

Monthly Volume 13 Number 9 September 15, 2022

LETTER TO THE EDITOR

Different nutrient compositions in diet and taking hypoglycemic drugs can modulate gut microbial flora799

Lin ZJ, Zhang QW, Yu XL, Zhou B, Liu CW, He LP



WJD https://www.wjgnet.com III September 15, 2022 Volume 13 Issue 9

World Journal of Diabetes
Contents

Monthly Volume 13 Number 9 September 15, 2022

ABOUT COVER

Peer Reviewer of World Journal of Diabetes, Nahlah Elkudssiah Ismail, BPharm (Hons), PhD, Professor, Department 
of Pharmacy, MAHSA University, Kuala Lumpur 42610, Malaysia. elkudssiah77@yahoo.com

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (WJD, World J Diabetes) is to provide scholars and readers from various 
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their 
research findings online. 
  WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and 
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes 
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic 
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue 
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central, 
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal 
Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 impact 
factor (IF) for WJD as 4.560; IF without journal self cites: 4.450; 5-year IF: 5.370; Journal Citation Indicator: 0.62; 
Ranking: 62 among 146 journals in endocrinology and metabolism; and Quartile category: Q2. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yu-Xi Chen; Production Department Director: Xu Guo; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Diabetes https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9358 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

June 15, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Lu Cai, Md. Shahidul Islam, Jian-Bo Xiao, Michael Horowitz https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9358/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

September 15, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJD https://www.wjgnet.com 738 September 15, 2022 Volume 13 Issue 9

World Journal of 

DiabetesW J D
Submit a Manuscript: https://www.f6publishing.com World J Diabetes 2022 September 15; 13(9): 738-751

DOI: 10.4239/wjd.v13.i9.738 ISSN 1948-9358 (online)

MINIREVIEWS

Effectiveness and safety of COVID-19 vaccines in patients with 
diabetes as a factor for vaccine hesitancy

Georgi Vasilev, Plamena Kabakchieva, Dimitrina Miteva, Hristiana Batselova, Tsvetelina Velikova

Specialty type: Endocrinology and 
metabolism

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Casaca W, Brazil; 
Wong YP, Malaysia

Received: March 27, 2022 
Peer-review started: March 27, 2022 
First decision: May 11, 2022 
Revised: June 6, 2022 
Accepted: August 6, 2022 
Article in press: August 6, 2022 
Published online: September 15, 
2022

Georgi Vasilev, Faculty of Medicine, Medical University of Plovdiv, Plovdiv 4000, Bulgaria

Plamena Kabakchieva, Clinic of Endocrinology, University Hospital “Alexandrovska,” 
Department of Internal Medicine, Medical Faculty, Medical University, Sofia 1431, Bulgaria

Plamena Kabakchieva, Clinic of Internal Diseases, Naval Hospital-Varna, Military Medical 
Academy, Varna 9010, Bulgaria

Dimitrina Miteva, Department of Genetics, Sofia University “St. Kliment Ohridski,” Faculty of 
Biology, Sofia 1164, Bulgaria

Hristiana Batselova, Department of Epidemiology and Disaster Medicine, Medical University, 
University Hospital “St George,” Plovdiv 4000, Bulgaria

Tsvetelina Velikova, Department of Clinical Immunology, University Hospital Lozenetz, Sofia 
1407, Bulgaria

Tsvetelina Velikova, Medical Faculty, Sofia University St. Kliment Ohridski, Sofia 1407, 
Bulgaria

Corresponding author: Tsvetelina Velikova, MD, PhD, Assistant Professor, Chief Doctor, 
Department of Clinical Immunology, University Hospital Lozenetz, Kozyak 1 Str., Sofia 1407, 
Bulgaria. tsvelikova@medfac.mu-sofia.bg

Abstract
Diabetes mellitus is one of the most common comorbid conditions encountered in 
patients with severe acute respiratory syndrome coronavirus 2 infection 
accompanied by significantly increased mortality, prolonged hospital stay, and 
requirement of invasive mechanical ventilation. This review aims to present the 
effectiveness and safety profile of available coronavirus disease 2019 (COVID-19) 
vaccines in people with diabetes as a potential cause of hesitancy for vaccination. 
Data from published research proves a robust immune response following 
immunization for COVID-19 in diabetic patients with substantial production of 
virus-neutralizing antibodies; however, the observed immune response was 
unequivocally weaker than that in individuals without diabetes. This observation 
was further enhanced by the findings that worse glycemic control was associated 
with more suppressed antibody production. In contrast, individuals with optimal 
glycemic control performed similarly to healthy controls. In addition to the need 
for strict glucose monitoring and adequate diabetes treatment, those findings 
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reinforce the concept of diabetes-induced secondary immune deficiency and necessitate the 
application of booster doses to diabetic patients with priority. Nevertheless, after vaccination, 
reported adverse events were not different from those in the general population. No increase in 
severe adverse events was documented. While single case reports detected transient increases in 
blood glucose post-vaccination, more extensive trials could not replicate such a relationship.

Key Words: COVID-19; COVID-19 vaccines; Diabetes; Vaccine effectiveness; Vaccine; Vaccine hesitancy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetes mellitus is a crucial contributor to coronavirus disease 2019 (COVID-19). This review 
highlights published research on the effectiveness of vaccination against COVID-19 and related adverse 
events. Despite data of a notable decrease in the immune response to vaccination of diabetic patients, 
studies point out the importance of strict glycemic control to achieve adequate immunity against severe 
acute respiratory syndrome coronavirus 2 and the need to prioritize people with diabetes for the adminis-
tration of booster doses. Regarding adverse events, none were increased in frequency in the diabetic 
population, except sporadic transient hyperglycemia observed post-vaccination.

Citation: Vasilev G, Kabakchieva P, Miteva D, Batselova H, Velikova T. Effectiveness and safety of COVID-19 
vaccines in patients with diabetes as a factor for vaccine hesitancy. World J Diabetes 2022; 13(9): 738-751
URL: https://www.wjgnet.com/1948-9358/full/v13/i9/738.htm
DOI: https://dx.doi.org/10.4239/wjd.v13.i9.738

INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the novel coronavirus causing 
coronavirus disease 2019 (COVID-19) encountered since December 8, 2019 when the first cases of 
pneumonia of unknown origin etiology were described in Wuhan, Hubei Province, China[1]. Since then, 
the World Health Organization has reported more than 472 million confirmed cases of SARS-CoV-2 
infection and more than 6 million deaths[2]. Closely related to SARS-CoV-2, the SARS-CoV pathogen 
causing a pandemic in 2002-2003 was also established to have originated in bats that probably serve as 
the natural reservoir host for those two viruses[3]. Another related betacoronavirus, the Middle East 
respiratory syndrome virus, is the cause of frequently emerging local outbreaks. It was first 
hypothesized that the Middle East respiratory syndrome coronavirus originated in bats. Still, it was then 
unanimously proved that the reservoir host was dromedary camels causing spillovers to humans[4]. 
Zoonotic transmission of novel coronaviruses to humans has been suggested to continue as more and 
more viruses are detected in bats and spill over to humans[5]. The fatality risk has been estimated to be 
0.5% to 1.3% of all confirmed COVID-19 cases, with significantly higher rates in advanced age groups, 
reaching 18.4% in hospitalized patients over 80 years old[6,7].

COVID-19 AND DIABETES PATIENTS
Diabetes mellitus is a chronic metabolic disease characterized by impairеd glucose metabolism and 
increased blood sugar levels as a result of absolute insulin deficiency due to autoimmune destruction of 
the pancreatic beta-cells (type 1 diabetes and latent autoimmune diabetes of adulthood) or impaired 
insulin action and a progressive loss of adequate β-cell insulin secretion due to insulin resistance in the 
target tissues (type 2 diabetes)[8]. Besides increased blood glucose levels, diabetes is associated with 
numerous chronic microvascular and macrovascular complications, determining diabetes as a 
cardiovascular disease[8]. Moreover, diabetes is associated with chronic low-grade inflammation[9] and 
an increased risk of thrombotic events[10], dyslipidemia[11], and metabolic syndrome[12]. Finally, it is a 
common disease that affects approximately 537 million adults. More than 240 million adults live with 
undiagnosed diabetes[13]. Collectively, these facts are a prerequisite for determining diabetes as a major 
risk factor for COVID-19[14]. It is considered that diabetic patients are a high-risk population with a 
calculated six-times greater risk for hospitalization and twelve-times greater risk for death than the 
healthy population[15]. Therefore, guidelines clearly state that patients with diabetes are strongly 
recommended to be vaccinated against COVID-19[16].

It is now widely accepted that diabetes, ischemic heart disease, hypertension, and cerebrovascular 
disease are the most common chronic comorbid conditions in people suffering from severe COVID-19 
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and requiring intensive care unit admission[17]. Many studies suggest that prolonged hyperglycemia is 
related to the increased frequency and severity of any infection, not just COVID-19. A matched cohort 
study among English primary care patients found that 6% of infection-related hospital admissions and 
12% of SARS-CoV-2-related deaths were attributable to diabetes. The incidence rate ratios were highest 
for soft tissue, bone, and joint infections and sepsis[18].

A retrospective observational study of clinical outcomes in 1122 confirmed cases of COVID-19 found 
that the mortality rate in patients with diabetes and/or uncontrolled hyperglycemia was 28.8%, 
significantly higher compared to 6.2% in patients without diabetes or hyperglycemia. Furthermore, the 
median length of stay was also longer among discharged survivors in diabetic or hyperglycemic 
patients. Both findings imply the need for meticulous hyperglycemia management in hospitalized 
COVID-19 patients[19].

Both type 1 and type 2 diabetes mellitus were associated with worse rates of all-cause mortality 
owing to the COVID-19 pandemic in a large population-based cohort study encompassing more than 
98% of primary care practice patients in England[20]. It identified a steep and sizable relationship 
between HbA1c values and death outcomes. Compared to individuals with optimal HbA1c values 
(6.5%-7.0%), those with HbA1c > 10% had a dramatically increased in-hospital all-cause mortality 
(hazard ratio: 2.23; 95% confidence interval: 1.50–3.30; P < 0.0001 in type 1 diabetes and hazard ratio: 
1.61; 95% confidence interval: 1.47–1.77; P < 0.0001 in type 2 diabetes), independent from other risk 
factors[20].

Obesity, being strongly associated with diabetes mellitus type 2, has been investigated as a critical 
factor in the immune dysregulation that accompanies severe COVID-19. For example, in a French 
center, the relative risk for the need for invasive mechanical ventilation was seven-fold greater in 
patients with a body mass index > 30 kg/m2 than those within the normal range of body mass index[21].

Similarly, it has been discovered that obesity alters the immune response to influenza infection and 
vaccination. Compared to vaccinated normal-weight individuals, vaccinated obese adults demonstrated 
double the relative risk for influenza or influenza-like infection, despite evidence of seroconversion. The 
hyperleptinemia and hyperinsulinemia accompanying the obese state contribute to T cell dysfunction, 
leading to impaired immune response[22].

Monocytes and macrophages appear to have a hallmark role in the dysregulated immune state of 
severe COVID-19 infections. Experimental data show that higher extracellular glucose concentrations 
promote sustained monocyte glycolysis, increased SARS-CoV-2 replication in antigen-presenting cells, 
and proinflammatory cytokine expression, leading to T-cell dysfunction and lung epithelial damage
[23]. Therefore, it has been hypothesized that mitochondrial reactive oxygen species generation 
stimulated by SARS-CoV-2 leads to hypoxia-inducible factor alpha synthesis. Hypoxia-inducible factor 
alpha increased the expression of ACE2 (the entry point of SARS-CoV-2 into lung epithelial cells), 
interleukin-1β, tumor necrosis factor-α, interleukin-6, and interferons α, β, and λ in infected monocytes. 
Those findings suggest that hypoxia-inducible factor alpha is necessary to induce glycolysis and the 
consequent proinflammatory state of SARS-CoV-2-infected monocytes[23].

In addition to proinflammatory cytokines and coagulation factor modulation, SARS-CoV-2–induced 
reactive oxygen species production and viral activation of the renin-angiotensin system (leading to 
increased angiotensin II expression) lead to insulin resistance, hyperglycemia, and vascular endothelial 
injury, contributing to acute respiratory distress syndrome as well as cardiovascular, cerebrovascular 
thromboembolic complications, and disseminated intravascular coagulation[24].

ROUTINE VACCINES FOR DIABETES PATIENTS
Diabetes patients (both type 1 and type 2) are at an increased risk of significant complications from 
vaccine-preventable illnesses, including hospitalizations and death. Even properly managed diabetes 
could be associated with second immune deficiency and increased susceptibility to infections due to 
impaired cellular immune function. Diabetes patients are more likely to die from pneumonia, 
bacteremia, and meningitis. In line with this, immunization offers the most effective protection against 
vaccine-preventable illnesses. Therefore, in the next paragraph, we provide information about the 
routine and recommended vaccination of diabetes patients to emphasize the solid background behind 
the vaccines that can be used to improve patient and doctor confidence in the vaccines while decreasing 
vaccine hesitancy.

Moreover, vaccine side effects are often minor and resolve on their own. Severe adverse effects are 
quite uncommon. Given all the information above and the usually immunocompromised status of 
diabetes patients, many routine vaccines are officially recommended. For example, the National Health 
Service in Great Britain recommends the inactivated intramuscular vaccine against seasonal influenza 
for patients with diabetes types 1 and 2. This is because the risk of severe disease is higher for them than 
for people without diabetes[25].

The Centers for Disease Control and Prevention (CDC) gives the same recommendation according to 
seasonal influenza. All patients with diabetes from 6 mo are recommended for the inactivated 
intramuscular vaccine against the disease. The CDC does not recommend the live attenuated influenza 
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vaccine, also known as the nasal spray, for people with diabetes types 1 and 2[26].
A multicenter, randomized, and controlled study from the Republic of Korea demonstrated the safety 

and effectiveness of trivalent subunit inactivated intramuscular influenza vaccine, which contained an 
A/California/7/2009 (H1N1)-like strain, an A/Victoria/361/2011 (H3N2)-like strain, and a 
B/Brisbane/60/2008-like strain[27]. The World Health Organization recommended the strains during 
the 2012-2013 influenza season. The scientists observed similar results of seroprotection rates against the 
A/H3N2 and the B strains in the diabetic and non-diabetic groups. However, the diabetic group had 
significantly lower rates than those in the non-diabetic controls for the A/H1N1 strain. In both groups, 1 
mo after vaccination, the geometric mean titers and seroprotection rates had increased dramatically for 
all three virus strains (P < 0.001)[27]. According to this study, 6 mo after vaccination, differences in the 
immunogenicity profiles between the diabetic and the non-diabetic groups were proven, with the 
seroprotection rate much lower in the elderly diabetes group than in the elderly control group. The 
safety of the trivalent subunit inactivated intramuscular influenza vaccine was established during the 
study, and all the participants confirmed that the vaccine was well tolerated. The post-vaccination 
reactions were mild to moderate, with tenderness at the injection site being the most frequent local 
reaction. In the diabetes group, 34.3% of the patients reported this local adverse event compared to 
45.3% in the control group (P < 0.001). From the systemic reactions, myalgia was most reported, 
followed by tiredness, headache, malaise, chills, and arthralgia[27].

Another highly recommended vaccine for patients with diabetes is the vaccine against pneumococcal 
disease. The CDC recommends the pneumococcal vaccine for all children younger than 2 years and all 
adults 65 years or older. In addition, adults aged 19 through 64 are recommended for vaccination if they 
have chronic illnesses (including diabetes), human immunodeficiency virus/acquired immunodefi-
ciency syndrome, or cancer or smoke cigarettes[28].

In a randomized controlled trial among elderly adults with comorbidities, the 13-valent pneumo-
coccal conjugate vaccine showed significantly higher vaccine efficacy among subjects with diabetes 
mellitus[29].

A German retrospective cohort study proved the effectiveness of the 23-valent polysaccharide vaccine 
for invasive pneumococcal disease provoked by Streptococcus pneumoniae 22/23 serotypes. Therefore, 
scientists have recommended increasing the vaccination coverage of 23-valent polysaccharide vaccine 
among elderly adults in Germany[30].

Herpes zoster is an infection that occurs after reactivation of the varicella-zoster virus and is most 
common in people older than 50 years who have age-related fading of the immune function and 
concomitant comorbidities[31]. Herpes zoster is more prevalent among people with diabetes mellitus
[32]. There are currently two vaccines against herpes zoster, a live-attenuated vaccine and a recombinant 
zoster vaccine. The effectiveness of both vaccines resulted in a significant decrease in the incidence of 
the disease in the older adult population[33-35].

Regarding immune responses after vaccination, diabetes patients mounted an adequate B-cell 
immune response after influenza and the 23-valent polysaccharide vaccine[36]. However, they had a 
lower response to the hepatitis B vaccine[37]. All findings support the notion that vaccines for vaccine-
preventable illnesses should be administered in a timely manner to diabetic patients, given that this 
population are susceptible to infection and have a higher risk of diabetes deterioration during infections.

COVID-19 VACCINES, AUTOIMMUNITY, AND GLUCOSE METABOLISM
Autoimmune inflammatory diseases are characterized by an abnormal immune response to self 
antigens[38]. The interactions between people with autoimmune diseases and SARS-CoV-2 infection are 
generally unexpected. The mechanisms underlying the possible complications and fatal outcomes are 
not fully understood. COVID-19, like other viral infections, has the potential to cause a flare, including 
in diabetes patients[39,40].

Although preliminary findings revealed that autoimmune diseases did not enhance the incidence of 
SARS-CoV-2 infection and severe disease[41], autoimmune disorders are associated with organ damage, 
chronic cardiovascular, metabolic and respiratory comorbidities, susceptibility to bacterial infections, 
and sometimes, B cell depletion therapy and usage of high-dose glucocorticoids. All these factors may 
enhance the risk of a poor prognosis for patients during the COVID-19 course[42]. As a result, COVID-
19 preventive methods should focus on the unique group of autoimmune disease patients, with 
immunization against SARS-CoV-2 being one of the most promising approaches. Nonetheless, because 
of growing findings, their safety and efficacy should be primarily and regularly assessed in different 
patient populations, including patients with diabetes[43].

We will focus on vaccine hesitancy in patients with diabetes later. Still, aside from the fear of 
immunization-related autoimmunity, there is considerable evidence that the development of 
autoimmune diseases is influenced by a variety of other variables. In fact, because autoimmune illnesses 
can develop without immunizations, it is impossible to conclude that vaccines alone induce autoim-
munity[44].
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Also, people with autoimmune disorders are most concerned about whether the risk of disease flare 
or aggravation increases following immunization. However, more than 5000 studies confirmed that 
those with autoimmune illnesses were not at risk of aggravation or worsening conditions[45].

The approved COVID-19 vaccines have played the most significant role in the battle with the SARS-
CoV-2 virus to reduce disease severity and mortality among those affected, especially those with 
diabetes. As of March 16, 2022, more than 10 billion doses of different COVID-19 vaccines have been 
administered worldwide, including booster doses[46]. So far, we know that although the COVID-19 
vaccinations’ immunogenicity and efficacy in the autoimmune disease patient population may be lower 
than in healthy controls, they are typically comparable. Furthermore, data on the vaccines’ effectiveness 
in the autoimmune disease population of adults and children are lacking since only a few studies follow 
up on the duration of protection and different modalities of immune responses after immunization[47].

Vaccination is recommended as a priority for people with diabetes. The aim is to elicit a sustained 
immune response in the target population. There is evidence that glycemic control in diabetes 
significantly affects the immune response[48]. Therefore, it is important to determine whether glycemic 
disturbances occur before or after vaccination against COVID-19 in people with diabetes.

Monitoring blood glucose levels became critical during the COVID-19 pandemic because the data 
show two to three times higher hospitalizations and double the mortality rate among patients with 
simultaneous diabetes and COVID-19[49-51]. It also turned out that emerging diabetes, hyperosmolar 
hyperglycemic syndrome, and diabetic ketoacidosis could accompany post-COVID syndrome[52,53].

Very few studies have been conducted on how vaccination affects blood sugar levels. However, some 
effects of COVID-19 on glycolytic metabolism are already known[54]. Several cases of hyperglycemia 
followed by vaccination against COVID-19 were reported[53,55,56]. One diabetic woman and two 
diabetic men had post-vaccine hyperglycemia within 6 d of receiving the first dose of the Covishield 
vaccine (AstraZeneca). Hyperglycemia passed after about a month in the woman after treatment with a 
higher dose of metformin. At the same time, the two men achieved glycemic control in 3-15 d without 
an additional medication[56]. However, no association between vaccination and disturbed glycemic 
control was proven.

Another study reported hyperglycemia between the 20th and 36th days after the first dose of the 
AstraZeneca vaccine[55]. Similar conditions have also been reported following mRNA vaccines, 
Comirnaty (Pfizer/BioNTech) and Spikevax (Moderna)[53]. This case report demonstrated remarkably 
high blood sugar and HbA1c levels after vaccination in a patient with previously reasonable blood 
glucose control. However, this patient probably had undiagnosed diabetes since his two parents had 
type 2 diabetes and the patient himself had a clinical picture of insulin resistance[53,57].

Another retrospective study examined 96 adults over the age of 18 with type 1 diabetes before and 
after their first COVID-19 vaccination[58]. Fifty-nine percent of them had a significant deviation in 
blood glucose levels, which were controlled within 7-10 d after vaccination. Again, the data show no 
difference in the effects between the AstraZeneca and Pfizer vaccines.

There could be many reasons for fluctuations in blood glucose. Regarding existing studies, no 
excipients and/or adjuvants to vaccines have been reported to cause hyperglycemia, so that the 
condition could be related to the antigens in the vaccine against COVID-19. A possible mechanism for 
its occurrence is stimulating the immune system, which leads to a stress response. However, it is milder 
than usually occurs with COVID-19 infection. Different changes in the glycolytic pathway occur in 
COVID-19 infection in response to stress and lead to increased glucose levels in cells[54,59]. Stress also 
increases hormones such as adrenaline, cortisol, and/or glucagon that cause metabolism changes[60]. In 
addition, they affect the immune system by reducing the activity and number of natural killer cells and 
lymphocytes, decreasing antibodies and reactivating latent viral infections[61].

More research and patient results need to be analyzed to provide a clear and definitive answer about 
this temporary instability of blood glucose levels after the COVID-19 vaccination. Understanding 
changes in the glycolytic pathway associated with COVID-19 and/or after vaccination could help find a 
new treatment for this disease.

Clinical data support a strong response of the neutralizing antibodies in patients with diabetes after 
COVID-19[36]. However, patients should be consulted and prepared for possible hyperglycemia after 
the COVID-19 vaccination[60].

There is still no data on the effects on glucose levels after the second COVID-19 vaccination or booster 
dose. These studies are underway. The question remains if the immunity to vaccination against COVID-
19 in people with diabetes would change or decrease.

COVID-19 VACCINES: DATA ON EFFECTIVENESS IN DIABETES PATIENTS
Although there is a high incidence of diabetes among populations, during the COVID-19 vaccine 
studies, patients with diabetes are usually rolled out. Therefore, we rely on the data from real-life 
studies from vaccinations after the vaccine approval.

Soetedjo et al[62], in their systematic review, managed to cover eight studies with a total of 64468 
patients and 5156 patients with diabetes[62]. The vaccines included were BNT162b2 vaccine 
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(Pfizer/BioNTech), CoronaVac (Sinovac Life Sciences), Covishield™ (ChAdOx1-nCOV), and Covaxin™ 
(BBV-152). The effectiveness studies showed lower seropositivity and antibody responses following 
vaccination in diabetes patients than in healthy controls. This was observed from 1-4 wk after full 
COVID-19 vaccination.

The studies on the immunogenicity of COVID-19 patients with diabetes are presented in Table 1[63-
72].

We can assume from the data that the seroconversion rates in diabetes patients following COVID-19 
vaccination is lower, including lower antibody titers. However, the underlying reasons for that are not 
fully understood. It was proposed that impaired adaptive immune response in diabetes patients 
contributes to altered vaccination response[37]. Additionally, patients with diabetes had some immune 
alterations such as reduced circulating CD4+ cells, lymphocyte proliferation, and antigen presentation
[67]. Immunological alterations in patients with diabetes are shown in Figure 1.

As we stated above, hyperglycemia at immunization may reduce the immune response. As a result, 
having sufficient glycemic control during the post-vaccination interval increases immunological 
response because strict glycemic control may predispose to a favorable immune response to the SARS-
CoV-2 vaccine[67]. The host’s ability to respond to infections and the formation of long-term immuno-
logical memory, including correct responses to immunizations, are both influenced by the immune 
system’s steady degradation. Among other things, the adaptive immune system can be compromised by 
poor proliferation in response to antigenic stimulation, impaired generation of CD4+ T follicular helper 
cells, and a reduced capacity to generate effector lymphokines. Additionally, it is well-known that 
hyperglycemia induced glycosylated receptors on the immune cells lead to impaired immune cell 
function[67]. Immunological features and alterations of diabetes are shown in Figure 1.

In line with this, the leading cause of reduced immune response and protection after vaccination in 
diabetes patients remains relative immune deficiency. Other factors, such as poorly controlled diabetes, 
may indirectly impact the vaccines’ efficacy and effectiveness. Thus, we must pay attention to 
hyperglycemia, which can influence clinical COVID-19 results and vaccination efficacy. This leads us to 
assume that maintaining proper glycemic control after immunization increases immunological 
response. Also, we anticipate that strict glycemic management will support the favorable immuno-
logical response to the SARS-CoV-2 vaccination. Therefore, glycemic management should be the 
standard during pandemics, which strengthens the role of diabetologists in vaccination program effect-
iveness[67].

Additionally, different vaccines elicited comparable results, as shown in Table 1. This is also valid for 
the adverse effects demonstrated in the next section of the paper.

To sum up, the vaccines’ overall effectiveness could also be evaluated by the re-infection rate among 
patients with diabetes who were immunized against SARS-CoV-2. Generally, patients with diabetes 
were among the population of people with a higher risk of re-infection, both after natural infection or 
vaccination[73]. However, no particular numbers or percentages were cited for the re-infection rate after 
COVID-19 vaccination in diabetes patients, although the risk ratio for hospitalization due to re-infection 
was declared at 1.6[74]. The re-infection was less likely to occur in naturally infected or vaccinated 
people than in naïve patients. Therefore, the disease course was expected to be less severe in vaccinated 
diabetes patients.

COVID-19 VACCINES: DATA ON ADVERSE EFFECTS IN DIABETES PATIENTS
Although the benefits of vaccination against COVID-19 in diabetic patients are undeniable, we will try 
to systematize the information gathered in the literature on the side effects of COVID-19 vaccines. A 
recent study analyzing the side effects of the two mRNA COVID-19 vaccines (BNT162b2 mRNA and 
mRNA-1273) among 1245 healthcare workers described general and organ-specific symptoms after the 
first and/or second dose of mRNA vaccines in the United States. The common endocrine symptoms 
were decreased appetite (5.73%), heat/cold intolerance (3.24%), increased thirst (1.12%), increased 
appetite (0.87%), and increased urine production (0.25%)[75]. Importantly, there are no reported 
symptoms associated with glucose metabolism; nevertheless, there is no information about diabetic 
participants in this study. Commonly reported symptoms were soreness, fatigue, myalgia, headache, 
chills, fever, joint pain, nausea, muscle spasm, sweating, dizziness, flushing, feeling of relief, brain 
fogging, anorexia, localized swelling, decreased sleep quality, itching, tingling, diarrhea, nasal 
stuffiness, and palpitations. Despite this extended list of symptoms, 79.7% of participants did not violate 
daily activities. In comparison, around 98.0% of them planned to have the second dose, and 92.9% had 
already received it[75].

An anaphylactic reaction is another reported side effect post-vaccination. The CDC reported in 
January 2021 that anaphylaxis might occur more frequently after the BNT162b2 mRNA vaccine than 
other vaccines[76]. According to this report, 11.1 per million was the estimated rate of anaphylaxis from 
1893360 first doses of the Pfizer-BioNTech COVID-19 vaccine. The total reported adverse events after 
vaccination were 4393 (0.2%). Of them, only 175 cases were identified as potentially life-threatening 
allergic reactions, and 21 were reported as anaphylaxis. Most of the observed allergic reactions have 
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Table 1 Existing studies on effectiveness of coronavirus disease 2019 vaccines in patients with diabetes

Ref. Type of study Type and name of 
the vaccine Participants Efficacy/effectiveness Adverse 

effects

Nomura et 
al[63]

Observational 
study

BNT162b2 12 from a total of 252, 
at a mean age of 43.9 yr

Lower antibody titers compared to non-diabetic 
subjects 3 mo post-vaccination

N/A

Lustig et al
[64]

Longitudinal 
cohort study

BNT162b2 139 from a total of 2498, 
at a mean age of 47.7 
yr; mostly healthcare 
workers

Substantial antibody response after 2 doses, but overall 
lower concentrations of IgG and IgA in diabetics 
compared to healthy adults

N/A

Van Praet et 
al[65]

Case-control 
study

BNT162b2 25 from a total of 75, at 
a mean age of 85 yr

Decreased cellular immune response only in 
individuals with diabetes or active malignancy in the 
studied population

N/A

Ali et al[66] Cohort study BNT162b2 81 The BNT162b2 vaccine induced robust IgG and 
neutralizing antibody responses in people with and 
without T2DM. On average, diabetics had 13.86 
BAU/mL less IgG and 4.42% less neutralizing 
antibodies compared to non-diabetics

N/A

Marfella et 
al[67]

Prospective 
observational 
study

BNT162b2, mRNA-
1273, ChAdOx1-S

251, of which 134 with 
optimal glycemic 
control and 117 with 
poor glycemic control

21 d after the second dose, neutralizing antibody titers 
and CD4 Th1 cytokine responses were weaker in 
individuals with HbA1c > 7% compared to those with 
HbA1c < 7% whose titers were indistinguishable from 
those of healthy subjects

N/A

Singh et al
[68]

Cross-sectional 
study

ChAdOx1-nCOV 
(Covishield), BBV-152 
(Covaxin)

52 from a total of 463 at 
a mean age of 44.8 yr

Amongst all studied comorbidities, people with T2DM 
had lower seropositivity rates compared to those 
without (84.6% vs 96.1%)

N/A

Sauré et al
[69]

Surveillance 
study

CoronaVac, 
BNT162b2

4626 from a total of 
59987 people from 
Chile’s population

IgG seropositivity was significantly lower in diabetics 
receiving the CoronaVac vaccine compared to healthy 
subjects

N/A

Piccini et al
[70]

Retrospective 
cohort study

mRNA-
1273BNT162b2

39 In adolescents and young adults with T1DM, 
vaccination with either product was safe and did not 
influence glycemic control

No serious 
adverse 
events were 
reported

Watanabe et 
al[71]

Observational 
study

Pfizer/BioNTech 
BNT162b2 vaccine

2 from a total of 66 at a 
mean age of 29 yr; 
mostly healthcare 
workers

Undetectable titers of anti-SARS-CoV-2 antibodies N/A

Karamese 
and 
Tutuncu[72]

Cross-sectional 
study

CoronaVac 49 from a total of 186 
people, at a mean age 
of 70.4 yr

Significantly lower levels of anti-SARS-CoV-2 
antibodies in diabetes patients than in the controls

N/A

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; IgG: Immunoglobulin G; T1DM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; 
N/A: Not applicable; BAU: Binding antibody units.

manifested within the first 30 min of vaccination. Anaphylaxis usually occurs in individuals with a 
history of allergies or a previous anaphylactic episode. Again, there is no information related to glucose 
disturbances or predisposition for allergic reactions among diabetes patients[76].

Another CDC report on the side effects of the two mRNA vaccines showed that the most frequently 
reported symptoms after vaccination were headache, fatigue, and dizziness. The rate of anaphylaxis was 
defined as rare (4.5 reported cases per million doses administered). There were no data on side effects 
associated with glucose metabolism and no evidence that vaccine symptoms were more pronounced in 
diabetics[77].

Increased risk of myocarditis and pericarditis has been reported after mRNA COVID-19 vaccination 
(Pfizer-BioNTech and Moderna)[78-82] and rarely after adenovirus vector-related vaccine[83,84]. 
Detailed analyses of these cases showed that myocarditis and pericarditis were more often in 
adolescents and young adult males. In addition, they were associated with multiple comorbidities, 
including obesity and hyperlipidemia[85].

An Italian study reported that the most frequent adverse events observed post-vaccination were 
vagal response (30%), anxiety reaction (24%), and dizziness (21%) among a total of 314671 vaccinated 
subjects. These side effects were predominantly observed in women and people with comorbidities; 
however, it is unclear whether diabetes was included[86].

Another study analyzed the adverse effects among 447346 reports 2 wk after vaccination with one of 
following three COVID-19 vaccines: 19462 Ad26.COV2.S (Janssen COVID-19 vaccine), 120580 mRNA-
1273 (Moderna COVID-19 vaccine), and 100752 BNT162b2 (Pfizer-BioNTech COVID-19 vaccine). 
Headache, joint-related symptoms, muscle pain, musculoskeletal and connective tissue pain, nausea or 
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Figure 1 Immunological alterations in diabetes patients.

vomiting, dermal and epidermal conditions, and febrile disorders were common post-vaccination 
complaints. They were associated with delayed recovery in people with underlying diseases, including 
diabetes[36].

Theoretically, vaccination could be followed by mild to moderate elevation of blood glucose levels
[87]. However, a few studies have already reported worsened glucose control after the COVID-19 
vaccination[53,56]. However, a recent study showed that COVID-19 vaccination was not associated with 
impairment in glucose management. The study analyzed the short-term effects of COVID-19 
immunization in patients with type 1 and type 2 diabetes who were vaccinated with one of the 
following three COVID-19 vaccines: BNT162b2, mRNA-1273, and AZD1222 (Oxford-AstraZeneca). The 
study collected and analyzed 49200 continuous glucose monitoring data from 74 participants in the 
study and showed that there were no changes in time spent in the target glycemic range (70−180 
mg/dL) on the days of follow-up (2 d before and 3 d after vaccination). However, patients with type 1 
diabetes and more pronounced post-vaccine side effects spent more time above the target range (> 180 
mg/dL); no such observations were found in patients with type 2 diabetes. Additionally, the study 
reported no need for adjustment in the insulin bolus dose and changes in carbohydrate intake around 
the vaccination in patients with both diabetes types[88].

To sum up, the most common systemic side effects are headache, chills, fever, flu-like symptoms, 
nausea, and fatigue. The local effects are pain, redness, and swelling at the injection site on the arm. 
Patients with diabetes are not more prone to have pronounced side effects of COVID-19 vaccination 
than healthy people. However, most of them are mild and disappear a few days after vaccine adminis-
tration. Although it is possible to have increased blood sugar levels after vaccination, it is rather not 
associated with a significant impact on glycemic control. Therefore, it does not require any changes in 
diabetic therapy. However, we must remember that COVID-19 may exert deteriorating effects in 
patients with autoimmune diseases[89], including type 1 diabetes. On the other hand, therapies for type 
2 diabetes that target cytokines can also change the course of infection[90].

VACCINE HESITANCY IN DIABETES PATIENTS
Diabetes patients were not excluded from the COVID-19 vaccine trials due to the higher prevalence of 
the disease amongst the populations. Thus, we obtained much more data on the evidence for the long-
term safety and efficacy of the COVID-19 vaccine in patients with diabetes, in contrast to other 
autoimmune diseases where many gaps in the knowledge still exist. However, despite the considerable 
information, physicians and patients still fear exacerbation of the disease and the adverse effects of 
vaccination, which increases the hesitancy to vaccination.

Even though COVID-19 vaccination has emerged as the sole practical approach to improving clinical 
outcomes, vaccine hesitancy remains a barrier to obtaining significant levels of vaccine coverage. This 
poses a particular concern to individuals suffering from autoimmune illnesses, who are already at a 
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higher risk of hospitalization and poor clinical outcomes due to COVID-19 infection. While long-term 
safety and effectiveness data for COVID-19 immunization in individuals with autoimmune illnesses are 
lacking, existing research clearly shows that the advantages of vaccination exceed the risks of side 
effects and disease flare-ups.

The COVAD study group demonstrated some causes for vaccination hesitancy, which was reported 
in around half of the patients with autoimmune illnesses in the study’s pilot findings[91]. Of all the 
respondents who did not receive any dose of the COVID-19 vaccine, 16.94% reported not getting the 
vaccine due to long-term safety concerns or other fears, such as disease exacerbation and delayed 
adverse effects, and 27.45% stated that they plan to wait until more data are available on the safety of 
the vaccine before vaccination. Other reasons given by the respondents for not vaccinating are the lack 
of the vaccine in some parts of the world (32.00%), planning for vaccination at a later date (11.67%), and 
postponing vaccination due to recent COVID-19 infection (7.30%). Some patients also reported not 
getting the vaccine because they had been advised to do so by their doctor (5.40%)[91].

However, there are no medical recommendations against vaccination. Only 35% of those vaccinated 
had mild side effects (fever/headache/myalgia). Furthermore, patients with autoimmune diseases had 
fewer side effects than healthy controls. Recent international studies show a negligible risk of severe 
side effects or disease exacerbation after vaccination[91].

Wang et al[91] showed that more than half of 483 Chinese diabetes patients experienced vaccine 
hesitancy (58.2%). Of them, 41.8% were unwilling to get the COVID-19 vaccine. Although patients were 
aware of the severity of COVID-19 in diabetes patients, they were concerned about vaccine safety. 
Interestingly, the vaccination status of their relatives did not influence the patients’ decisions, but 
disagreement with their physician on the ability of the vaccine to reduce the severity of COVID-19 
correlated with vaccine hesitancy[92].

The five factors associated with vaccine hesitancy in diabetes patients are the false belief that diabetes 
is not a high risk factor for severe COVID-19 and a lack of confidence in vaccine efficacy to prevent 
infection. However, diabetes patients were convinced that diabetes worsens COVID-19 prognosis and 
that vaccination may reduce the transmission risk. The third factor associated with vaccine hesitancy 
was the fear of adverse effects, and the fourth and fifth were the dependence on the opinion of others, 
including vaccines to be administered to a large group of people, and the influence of social media on 
them[92].

Similarly, Aldossari et al[92] showed that 34.7% of Saudi diabetes patients in the survey were willing 
to be vaccinated, and 79.0% supported COVID-19 vaccination. However, they showed signs of fear and 
uncertainty[92]. Therefore, the key to a successful vaccination campaign for these patients remains the 
accurate information provided and the fight against misinformation. Some factors related to vaccine 
hesitancy were relatively quick development, beliefs that the trials were insufficient, fears and 
uncertainty of components, and especially the mRNA behavior after vaccination. In addition, an 
enormous impact is the anti-vaccination movements in social and traditional media. Furthermore, social 
media misinformation has led to increased anxiety and vaccine hesitancy.

CONCLUSION
Since diabetes mellitus is a significant contributor to COVID-19 mortality, patients with disturbed 
glucose metabolism should be protected from SARS-CoV-2 infection. Few studies have established data 
on the effectiveness and safety of the COVID-19 vaccine in patients with diabetes. Despite the significant 
reduction in the immune response to vaccination in diabetes individuals, they should be prioritized for 
complete vaccination and booster dose delivery. Also, glycemic management in achieving sufficient 
immunity against SARS-CoV-2 is mandatory. Data also showed that COVID-19 vaccines presented an 
excellent safety profile with adverse effects following vaccination similar to the healthy population and 
no increase in the incidence of adverse events in the diabetic group. Finally, vaccine hesitancy among 
diabetes patients could be overcome with proper information and patient care.
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