International Journal of General Medicine Dove

ORIGINAL RESEARCH

The Impact of COVID-19 Vaccines on the
Development of Acute Complications in Type |
and 2 Diabetes Patients: A Cross-Sectional Study
in the Eastern Province of Saudi Arabia

Sharook A Alhawaj @', Alia Saeed Almuhanna(®', Fatimah Saeed Alabbad', Hadeel Hisham Almomattin',
Ragad S AIsuItan', Zahra Abdulla Shaiban', Chittibabu Vattez, Cyril Cyrus2

ICollege of Medicine, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia; 2College of medicine, Department of Biochemistry, Imam
Abdulrahman Bin Faisal University, Dammam, Saudi Arabia

Correspondence: Sharook A Alhawaj, College of Medicine, Imam Abdulrahman bin Faisal university, Dammam, 34212, Saudi Arabia, Tel +966595292920,
Email shroog7676@gmail.com

Background: COVID-19 vaccines were developed to control the pandemic spread as they have been proven to be efficient and safe.
However, the likelihood of such postvaccination effects as poor glycemic control and adverse events has been noted in several studies.
Objective: To determine the effect of COVID-19 vaccines on the glycemic control and the development of hyperglycemic
emergencies among type 1 and 2 diabetes patients.

Methods: A cross-sectional study was conducted on 409 participants aged 18 years and above with type 1 or 2 diabetes who had
received at least a single dose of COVID-19 vaccine.

Results: Among the 409 diabetes patients, a majority reported general mild postvaccination symptoms regardless of diabetes duration
or type. After vaccination, severe diabetic emergencies were mostly reported in long-standing diabetes patients. Diabetes-related
complications and emergencies were more profound among those who had received the Pfizer vaccine. Nonetheless, occurrence of
adverse events could possibly be due to various factors, including the duration of diabetes and COVID-19 infection status.
Conclusion: COVID-19 vaccinations have the potential to influence diabetic patients in regard to acute glycemic complications.
However, vaccine efficiency and benefits are superior to the side effects of COVID-19 vaccines, as these adverse events only affect
a small number of individuals. A need for postvaccination monitoring of diabetes patients is suggested.
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Introduction
Ever since COVID-19 was announced as a pandemic, many studies have linked it to a wide variety of complications
affecting almost all body systems.'™ The Centers for Disease Control and Prevention has categorized type 2 diabetes
mellitus (T2DM) patients as at increased risk of severe illness and type 1 DM (T1DM) patients as “might be at increased
risk” with reference to risk of severity of COVID-19 disease.” DM patients are more susceptible to severe COVID-19
due to impaired glycemic control and DM-related complications.® Several studies have reported that diabetic individuals
have greater morbidity and mortality rates, worse disease progression, and overall poor prognosis in comparison to
nondiabetic people with COVID-19.”* DM has been noted as a comorbidity in 8.2% of hospitalized COVID-19 patients,
the absolute risk of mortality from COVID-19 was raised to 14% for DM, and the percentage of mortality was 8%,
pointing to an urgent need for a vaccination strategy.”'°

Multiple highly effective vaccines were manufactured to limit the spread of the virus. The effectiveness of some of
the common vaccines — Pfizer—BioNTech, Moderna, and CoronaVac — has been observed to be 91.2%, 98.1%, and
65.7%, respectively.!' The vaccines were allocated to the general population in several phases based on priority. As
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a result, several uncertainties regarding vaccine safety among diabetic patients have raised concerns.'*'* However, as the
rate of COVID-19 vaccine administration has risen, the postvaccination likelihood of deteriorating glycemic control and
developing other adverse events (AEs) has also been reported.'*'> Multiple studies have suggested that the immuno-
dysregulation triggered by the SARS-CoV-2 vaccine might be a reason for this temporary worsening of hyperglycemia
and hyperglycemic emergencies.'®'” However, the mechanism behind this phenomenon and the frequency of postvacci-
nation diabetic complications are still unclear."® Furthermore, acute hyperglycemia, hyperglycemic emergencies such as
diabetic ketoacidosis (DKA), hyperosmolar hyperglycemic syndrome (HHS), and variation in glucose levels post—
COVID-19 vaccination have been reported in different case series.'®'® 2° It has been believed that these AEs are mainly
linked to the stimulation of systemic and/or local inflammation that may possibly impair glucose control in diabetic
patients.

People who have recovered from the COVID-19 infection are reported to have a higher chance of new-onset
cardiometabolic diseases, including DM, hypertension, and dyslipidemia.?' ** Studies have also indicated that long
COVID-19 syndrome is multifaceted and DM is to be considered a prominent facet, as individuals who have recovered
from COVID-19 are at an elevated risk of DM onset. A study conducted on over 2.5 million children concluded that
patients who had COVID-19 showed a higher chance of new-onset DM than controls, but the proportions of TIDM and
T2DM were not specified.”* Similarly, studies among adults have also shown increased risk of TIDM within the first 30
days and T2DM after 1 year of infection with SARS-CoV-2.°*® Presently, there are multiple cases of COVID-19
vaccine—triggered new-onset TIDM following Pfizer-BioNTech and Moderna vaccinations.'*"%°

As DM patients are at greater risk of complications post-COVID-19 vaccination, our study aimed to identify the
influence of COVID-19 vaccines on glycemic control in patients with TIDM and T2DM by estimating the incidence of
acute glycemic complications post-COVID-19 vaccination. AEs in DM patients after COVID-19 vaccination and the
effects of COVID-19 vaccines on the hospitalization rate among DM patients were also estimated.

Methods

This cross-sectional study was conducted in the Eastern Province of Saudi Arabia. The study was conducted according to
the ethical principles of the Declaration of Helsinki. The ethical approval was obtained from the Institutional Research
Review and Ethics Committee of Imam Abdulrahman bin Faisal University (IRB-UGS-2022-01-445). An online
bilingual (Arabic and English) questionnaire was prepared using Google Forms and was randomly distributed through
social media (WhatsApp, Twitter, and Telegram) for almost 3 months from December 4, 2022 till March 9, 2023.
Informed consent was obtained on the online information page explaining the purpose of the study before participants
proceeded to the survey. Personal data were kept anonymous and used for research purposes only.

The study questionnaire was divided into four main sections. The first section was structured to collect socio-
demographic data about the participants: nationality, age, sex, marital status, education, occupation, contact number, and
place of follow-up for diabetes. The second section included vaccination details, such as number of doses, type of
vaccine, date of the second dose, and COVID-19 infection status. The third part contained the medical history, including
chronic diseases. Lastly, the fourth section included diabetes history, such as type and duration, whether the patient
had diabetes before or after the COVID-19 vaccine, HbA,. reading, diabetes-related complications (DKA, HHS,
hyperglycemia, and hypoglycemia), symptoms, and need for hospitalization. Another subsection was included to allow
the participants to report other unlisted side effects that they may have experienced.

Subjects
The minimum mandatory sample size was calculated to be 377 at a 95% confidence interval and 5% margin of error
using the online sample-size calculator Raosoft (http://www.raosoft.com/samplesize.html). A total of 435 people

participated in the survey, among which 26 invalid responses were excluded. The valid response number was 409.
T1IDM and T2DM patients aged >18 years who had received at least one dose of a COVID-19 vaccine and being
followed-up at a primary health-care center or hospital in the Eastern Province were included for the study.
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Data Analysis

Data analysis was done using SPSS for Windows version 26.0. Frequencies and percentages are used to describe the
categorical data and medians (IQR) to describe continuous variables, such as age and severity score. Frequencies for
categorical data among TIDM and T2DM patients was compared using ” tests. These variables included nationality,
sex, marital status, occupation, and education. Nonparametric tests were used to compare severity scores across different
variables. P<0.05 was considered statistically significant.

Diabetes-related symptoms were graded 1-3 based on severity: 1 denoted mild, 2 moderate, and 3 severe symptoms. Mild
symptoms included extreme thirst, increased frequency of urination, abdominal pain, weakness or fatigue, shortness of breath,
blurry vision, pallor, sweating, tremor, headache, palpitation, and nocturia. Moderate symptoms included dizziness, numbness,
and dehydration. Severe symptoms included nausea, vomiting, confusion, fruity-smelling breath, elevated random blood sugar
>300 mg/dL, drowsiness, unilateral weakness or paralysis, hallucinations, loss of consciousness, and slurred speech. The total
severity score was calculated and categorized: 1-15 for mild, 16-30 for moderate, and 3140 for severe. Diabetic emergencies,
such as, DKA, HHS, hypoglycemia, postvaccination, hospitalization, and presence of comorbidities, were scored 3 for each.

Results

A total of 409 diabetic patients who had been vaccinated against COVID-19 were included in the study, of which 190
(46.5%) had TIDM and 219 (53.5%) had T2DM. The median age was 41 years. The median age of the TIDM group and
T2DM was 25 years and 56 years, respectively. There were 134 (70.53%) women in the TIDM group compared to 97
(44.29%) in the T2DM group. Most of the patients were Saudi (93.9%) and only 6.1% were non-Saudis. No significant
difference between the TIDM and T2DM groups regarding occupation or education was noted (Table 1).

A total of 267 (65.3%) patients had been administered Pfizer vaccine, followed by Pfizer—AstraZeneca (16.9%) and
AstraZeneca (7.3%). Postvaccination complication-related hospital admissions were reported by 52 (12.7%) patients.
About 15% of patients who had received the Pfizer vaccine, including 23 with TIDM and 17 with T2DM, had been
hospitalized following various AEs. This was followed by Pfizer—AstraZeneca and AstraZeneca, mainly among T1DM
patients. In contrast, the lowest hospitalization rate was observed with the Moderna vaccine. T1DM patients had a higher

Table | Basic demographic characteristics

Total TIDM T2DM
(n=409) (n=190, 46.5%) (n=219, 53.5%)
Age (years), median (IQR) 41 (25.5-57) 25 (22-32) 56 (45-64)
Nationality
Non-Saudi, n (%) 25 (6.11) 8 (4.21) 17 (7.76)
Saudi, n (%) 384 (93.89) 182 (95.79) 202 (92.24)
Sex
Female, n (%) 231 (56.48) 134 (70.53) 97 (44.29)
Male, n (%) 178 (43.52) 56 (29.47) 122 (55.71)
Marital status
Divorced, n (%) 11 (2.69) 3 (1.58) 8 (3.65)
Married, n (%) 228 (55.75) 57 (30) 171 (78.08)
Single, n (%) 150 (36.67) 130 (68.42) 20 (9.13)
Widowed, n (%) 20 (4.89) 0 20 (9.13)
(Continued)
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Table | (Continued).

Total TIDM T2DM
(n=409) (n=190, 46.5%) (n=219, 53.5%)
Education
Bachelor’s, n (%) 193 (47.19) 122 (64.21) 71 (32.42)
Diploma, n (%) 43 (10.51) 17 (8.95) 26 (11.87)
Elementary, n (%) 29 (7.09) 2 (1.05) 27 (12.33)
High school, n (%) 73 (17.85) 38 (20) 35 (15.98)
llliterate, n (%) 10 (2.44) 0 10 (4.57)
Middle school, n (%) 33 (8.07) 3 (1.58) 30 (13.7)
Postgraduate, n (%) 28 (6.85) 8 (4.21) 20 (9.13)

Occupation

Business owner, n (%) 1 (0.24) 0 1 (0.46)
Freelancer, n (%) 1 (0.24) 0 1 (0.46)
Government, n (%) 90 (22) 30 (15.79) 60 (27.4)
Housewife, n (%) 7(1.71) 2 (1.05) 5(2.28)
Own business, n (%) 1 (0.24) 0 1 (0.46)
Private, n (%) 101 (24.69) 58 (30.53) 43 (19.63)
Retired, n (%) 33 (8.07) 2 (1.05) 31 (14.16)
Student, n (%) 51 (12.47) 47 (24.74) 4 (1.83)
Unemployed, n (%) 124 (30.32) 51 (26.84) 73 (33.33)

number of ICU admissions than T2DM patients, regardless of the vaccine type. Duration of hospitalization in a majority
of the cases was 0—7 days (Table 2).

Symptoms were categorized based on severity score into mild, moderate, and severe. The data revealed that 75% of
patients experienced mild and 9% moderate symptoms. However, severe symptoms were noted in 16% of the cases.
There was a significant severity-score difference between TIDM and T2DM for the group that took the Pfizer
vaccination (P=0.022). Similarly, diabetic emergencies (DKA, HHS, hypoglycemia, hospitalization) postvaccination
were scored from 3 to 12 based on the presence of one or all diabetic emergencies. A score of 3 was observed in 41%,
followed by 6 in 11.5%, 9 in 4%, and 12 in 1%. Diabetic emergencies were observed more in T2DM patients
postvaccination with Pfizer (P=0.001) than TIDM patients (Table 2).

Vaccine efficacy based on postvaccination COVID-19 infection occurrence, duration, and hospitalization are sum-
marized in Table 2. No infection was seen in 58.4% of the total cohort. However, 25.2% of cases had COVID-19
postvaccination. Among the postvaccination infections, a majority of patients (60.2%) were infected after the Pfizer
vaccine, followed by 21.3% with the Pfizer—AstraZeneca combination dose. A majority of the patients were infected with
COVID-19 4-8 weeks and >8 weeks postvaccination. A majority of the patients infected with COVID-19 pre- or
postvaccination did not require hospitalization except for 13% of cases (Table 2).

A total of 103 (25.2%) cases reported being infected with COVID-19 after their first (n=33) or second dose (n=70).
For both TIDM and T2DM combined, 62 of 267 Pfizer-vaccinated individuals (23.2%), nine (30%) of 30 AstraZeneca-
vaccinated, and 29 (29.6%) of 98 who had had Pfizer combinations with AstraZeneca or Moderna reported COVID-19
infection postvaccination (Figure 1). Hospitalization for DM complications was seen in 18% of T1DM and 9.8% of
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Table 2 Overall vaccine safety and efficacy

Type of vaccine Type of Admitted to Severity score Diabetic COVID infection status Period following vaccine when infection Hospitalization
DM emergencies occurred required
General ICU | 0- 16— | 31- | 3 6 | 9| 12 No After Before Within Ist 4 4-8 More than 8 No Yes
Ward 15 30 45 infections | vaccination Vaccination Weeks Weeks Weeks
AstraZeneca TI 3 0 13 2 | 4 | | 0 6 7 3 0 0 | 5 0
T2 | 0 ] 0 3 8 | | 0 8 2 4 0 0 0 8 |
P 0.351 0.218 0.285 0.214 0.341 0.679
AstraZeneca, TI 0 0 2 | 0 0 0[O0 O | 2 0 0 0 0 | 0
Moderna
T2 0 0 0 | 2 2 | 0| 0 2 0 | 0 0 0 | 0
P 0 0.135 0.05 0.189 NA 0.54
Moderna TI 0 0 3 0 0 0 0[O0 O | | | 0 0 0 0 0
T2 0 0 4 0 | [ 0o [0 O 4 0 | 0 0 0 0 0
P NA 0.408 0.408 0.293 NA NA
Pfizer TI ) 8 102 6 I 40 (14 [ 2 [ 2 72 32 15 | 5 | 49 4
T2 8 9 106 14 28 (82 [ I5]| 8] 2 92 30 26 0 3 7 47 I
P 0.142 0.022 0.001 0.312 0.131 0.18
Pfizer, AstraZeneca TI | 2 24 5 4 7 6 0 0 17 Il 5 0 0 2 18 |
T2 | 0 23 5 8 15|17 (2] 0 20 I 5 0 0 2 8 3
P 0.323 0.542 0.076 0.945 0.929 0.182
Pfizer, AstraZeneca, Tl 0 | 4 2 0 3 0|0 0 3 2 | 0 0 0 | |
Moderna
T2 0 0 | 0 0 0 oo O 0 | 0 0 0 0 2 0
P 0.659 0.495 0.35 0.459 NA 0.459
Pfizer, Moderna TI 0 | 7 | 2 2 2 | 0 7 2 | 0 0 | 3 0
T2 | | 7 0 5 3 020 6 2 4 0 0 0 5 |
P 0.645 0.346 0.439 0.425 0.262 0.741

Abbreviation: NA, not applicable.
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Incidence of COVID-19 infection after vaccination
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Figure | Comparison of COVID-19 infection incidence after vaccination in TIDM and T2DM patients.

T2DM cases (P=0.039). Diabetic emergencies post—Pfizer vaccination in non—-COVID-19 cases with T2DM were higher
(65%) than with TIDM (44%; P=0.031). Similarly, in COVID-19 cases before vaccination, recipients of the Pfizer
vaccination, 84.6% of T2DM cases, encountered more diabetic emergencies than TIDM cases (46.6%, P=0.036;
Supplementary Tables S1-S3).

New onset of DM postvaccination was diagnosed 4 weeks after vaccination. It was noted in 24 cases, among which
eight cases were diagnosed with TIDM and 16 cases with T2DM. Two doses of the Pfizer vaccine had been administered
to 18 new-onset DM cases, and five had combination doses with other vaccines, such as AstraZeneca or Moderna
(Table 3). The effects of long-standing DM on vaccine efficacy and AEs are summarized in Table 4. Among 18 T1DM
patients who had had severe AEs, nine (50%) had had DM >10 years. Similarly, all TIDM cases who experienced severe
diabetic emergencies with a severity score of 12 had had DM >10 years (Table 4).

Likewise, among 219 T2DM patients, a majority (n=20) who had severe AEs after vaccination with a severity score
>30 had had DM >10 years. Concerning diabetic emergencies postvaccination, only patients with DM >10 years reported
the most severe diabetic emergencies (2.17%) with a diabetic emergency severity score of 12. Most patients, whether
T1DM or T2DM, had had mild postvaccination symptoms (severity score of 0—15), regardless of DM duration.

The most common diabetic emergency among T1DM patients was DKA and HHS in T2DM, while hypoglycemia and
hospitalization were similar between both groups, regardless of diabetes duration. The overall diabetes diagnosis duration
(<1 year to >10 years) did not have a statistically significant correlation with severity score, AEs, or diabetic emergencies
(Table 4). Regarding postvaccination COVID-19 infection, the rate of infection postvaccination among TIDM (n=38)
and T2DM (n=18) patients was higher in those having the disease >10 years.

Table 3 Distribution of new-onset DM after COVID vaccination

Vaccine Total new-onset Infection with coronavirus
DM cases
No infection After first vaccination After second Before vaccination
vaccination
TIDM | T2DM TIDM T2DM TIDM T2DM TIDM T2DM
AstraZeneca | 0 0 | 0 0 0 0 0
Pfizer 18 5 0 0 5 2 6 0 0
Pfizer, AstraZeneca 4 0 2 0 | 0 | 0 0
Pfizer, Moderna | 0 0 0 0 0 0 0 |
4272 https: International Journal of General Medicine 2023:16
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Table 4 Long-standing DM, vaccine efficacy, and adverse events

Type DM COVID infection Severity score Diabetic emergencies
of DM duration
No After Before 0-15 | 16-30 | 31-45 0 3 ] 9 12
infection | vaccination | vaccination
TI Less than I | | 9 3 | 6 6 | 0 0
| year
1-5 years I I 3 17 2 6 17 6 | | 0
6—10 years 20 7 5 29 | 2 16 12 4 0 0
More than 65 38 17 100 I 9 66 32 17 3 2
10 years
P NA NA NA
T2 Less than 4 | | 5 | 0 3 3 0 0 0
| year
1-5 years 33 13 14 38 5 17 22 28 8 2 0
6—10 years 39 14 8 43 8 10 19 31 4 7 0
More than 56 18 18 66 6 20 25 49 12 4 2
10 years
P NA NA NA

Abbreviation: NA, not applicable.

In the present study, the response to COVID vaccination among T1DM and T2DM had some differences, eg, the most
common diabetic emergency among T1DM patients was DKA compared to HHS in T2DM and T1DM patients had
a higher number of ICU admissions. However, hypoglycemia, overall hospitalization for adverse effects, and rate of
COVID infection postvaccination in those with DM >10 years were similar between the groups.

Discussion

The introduction of COVID-19 vaccinations brought about a drastic reduction in daily COVID-19 incidence by 37.7%,
COVID-19-related hospitalizations by 29.9%, and mortality by 18.8% during the COVID-19 pandemic.*® Earlier studies
have confirmed that the risk of DM after COVID-19 infection was higher among the nonimmunized than immunized
patients.®’ Therefore, the COVID-19 vaccination drive was a pivotal move in the fight against the global COVID-19
pandemic. However, there were several reports of COVID-19 vaccination-induced hyperglycemia and precipitation of
DKA and HHS in both diabetic and nondiabetic subjects. These patients usually presented with typical symptoms, such
as nocturia, polyuria, and polydipsia, with some subjects reporting disorientation and lightheadedness.*?

COVID-19 vaccines were effective in preventing both infection with SARS-CoV-2 and severe COVID-19 complica-
tions in adults, but there had been no specific analysis on the diabetic population. Hence, one of the aims of the present
study was to assess vaccine safety among the DM population. In general, a majority of side effects reported by 75% of
participants were mild, irrespective of the vaccine type. However, about 15% of Pfizer vaccine—administered patients
showed a higher number of severe side effects among the DM patients. Pfizer vaccine—administered patients were
associated with the highest hospitalization rate and diabetic emergencies, post—-COVID-19 vaccination, followed by
AstraZeneca. However, severity scores seemed to be higher in T2DM patients across all vaccine types. Earlier studies
showed that the Pfizer vaccine was associated with fewer side effects than Moderna and AstraZeneca in the general
population.**** A study of seven hyperglycemic emergencies cases following COVID-19 vaccination showed that the
AstraZeneca vaccine has the highest number with a total of three cases. However, those patients who had received the
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AstraZeneca vaccine had diabetes risk factors, including obesity and dyslipidemia, and two were prediabetic.'® Also,
acute hyperglycemia in one case each of Pfizer and AstraZeneca vaccines has been reported.*

It has been observed in previous studies that the immunoresponse in diabetic patients postvaccination was lower than
the general population. In a systemic review, it was noted that vaccine effectiveness in DM patients was lower in
preventing both SARS-CoV-2 infection and severity of illness.*® In the present study, most DM patients had had no
COVID-19 infection postvaccination. Also, it should be emphasized that among the population who got infected, a major
portion of them had received Pfizer or Pfizer—AstraZeneca vaccination. Furthermore, it has been noted that most patients
who develop COVID-19 postvaccination acquired it 1-2 months after the vaccination. Except for 13% of the instances,
most COVID-19 patients who were infected before or after vaccination did not need hospitalization. However, further
laboratory-based studies to check the antibody titers and viral load are required to explore the effectiveness of COVID-19
vaccines in the DM population.

The present study discovered that patients who received the Pfizer vaccine were more likely to develop new-onset
DM. Similarly, in a case series four cases reported new-onset T1DM either after a single dose or both doses of the Pfizer
vaccine.”” Another study reported new-onset T1DM manifesting as DKA after the first dose of Pfizer.?® In addition, two
reported cases of new-onset T2DM manifested as HHS following the Pfizer vaccine.'” One case of TIDM has been
reported post-Moderna vaccination.”’ The present study also noted one case of TIDM after the second dose of the
Moderna vaccine. A study conducted on T1DM patients who received the Moderna vaccine was reassuring, with no
significant change in glycemic control.>” Another study reported three cases of well-controlled T2DM that experienced
transient increases in blood glucose levels after receiving the first dose of Covishield (AstraZeneca) vaccine.*® Few cases
of postvaccination new-onset DM reported hyperglycemic crises being precipitated by the Pfizer and Moderna vaccines.
A recent study specifically linked the Pfizer-BioNTech with latent autoimmune diabetes in adults.’® There are several
hypotheses to explain how SARS-CoV-2 can trigger new-onset DM: i) infection-triggered systemic inflammatory
response — a “cytokine storm”; ii) disruption of the renin—angiotensin—aldosterone system and angiotensin 1-7 balance
leading to detrimental effects on the pancreas; iii) infection stress—induced release of cortisol and catecholamines; iv)
destruction of pancreatic § cells by binding to pancreatic ACE2 receptors; and v) polyethylene glycol present in the
vaccine acting as an adjuvant and inducing an immunoresponse in predisposed individuals.*® Aydogan et al, reported new
onset TIDM cases are associated with the mRNA-based SARS-CoV-2 vaccination, BNT162b2 (Pfizer—BioNTech).?’
They concluded that TIDM may occur as a rare phenomenon of autoimmune/inflammatory syndrome induced by
adjuvant syndrome, and new-onset DM cases should be evaluated from this perspective.”’

The relationship between the duration of DM and the experience of postvaccination AEs indicated that 50% of T1IDM
and 42% of T2DM individuals with DM >10 years had severe AEs. Patients with >10 years of TIDM exhibited all severe
diabetic emergencies, such as DKA, HHS, hypoglycemia, and postvaccination hospitalization. In the current study, the
T2DM patients who exhibited diabetic emergencies with the highest severity scores were those who had had diabetes >10
years. Similarly, COVID-19 vaccine-triggered hyperglycemic emergencies have been reported in patients who had had
T2DM for longer than 10 years.*® A previous study compared postvaccination effects in two T1DM patients with DM for
5 and 15 years. The former had mild symptoms without affecting the consciousness; however, the latter had severe
diabetes-related AEs involving impaired consciousness and severe acidosis.”® Overall, 66.6% of TIDM and 50% of
T2DM patients who developed infections after vaccination had had diabetes for more than 10 years. The disease duration
plays a vital role in the development of COVID-19 infection after the vaccination. The present study indicates that long-
standing diabetes increases the risk of developing diabetes AEs COVID-19 infection after vaccination.

In the present study, COIVD-19 infection postvaccination was lowest with the Moderna vaccine and highest with the
AstraZeneca vaccine (30%), both with higher incidence among T1DM cases. The Pfizer vaccine had 23.2% cases with
postvaccination infection, and the incidence was almost same with TIDM and T2DM. Though the overall vaccine
efficacy was moderate among DM patients, eight patients (7.8%) with Pfizer vaccination needed hospitalization. Seven of
these patients had had DM >10 years. Four patients had diabetic emergencies — DKA and HHS. Diabetes symptoms,
diabetic emergencies, and hospitalizations in COVID-19 infection before and after vaccination cases did not vary among
vaccines, except for Pfizer (P=0.036). A detailed and specific Pfizer-related outcome study was possible, as a higher
proportion, 87.5%, of DM individuals who participated in this study had received Pfizer or Pfizer in combination with
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AstraZeneca and Moderna vaccines. In general, all COVID-19 vaccines have proven to be relatively safe and to be
effective in the fight against COVID-19. Thereby, the overall benefits outweigh the severe risks associated with vaccine
side effects, as these are seen in a considerably small proportion of individuals, which may be due to genetic
predispositions or presence of comorbid conditions. However, among DM cases, vaccine efficacy and safety differ
from normal individuals. Higher incidence of AEs, DM emergencies, and new-onset DM were seen among COVID-
vaccinated DM patients. This was mainly noted to be due to long-standing DM and COVID infection before or after
vaccination in some patients. Hence, the overall study outcome emphasizes the need for continuous postvaccination
monitoring for rare but potential COVID-19 vaccine-related AEs, especially for the Pfizer vaccine, in the DM population.

Limitations

The primary limitation of the study was recall bias, as a majority of patients could not remember such details as date of
vaccination and their Hbl 4. levels. Secondly, participants could not be followed up, as they were from various private
and public hospitals in the Eastern Province.

Conclusion

The present study further reiterates the utmost need for prompt monitoring of DM patients following administration of
COVID-19 vaccines. There have been inadequate studies exploring the link between vaccine effects and DM. To the best
of our knowledge, this is the first cross-sectional study conducted exclusively to address the effect of COVID-19 vaccines
on DM patients in Saudi Arabia. Thus, to validate this study further, extended studies on larger DM samples and long-
term postvaccination follow-up of different ethnic populations can precisely confirm whether postvaccination-related
onset of AEs, postvaccination COVID infection, and postvaccination hyperglycemia and DM emergencies are vaccine-
related or dose-specific. Further studies are needed to identify definite molecular mechanisms that trigger new-onset DM
and its relationship with SARS-CoV-2 infection.

Abbreviations
DM, diabetes mellitus; TIDM, type 1 DM; T2DM, type 2 DM; AEs, adverse events; DKA, diabetic ketoacidosis; HHS,
hyperosmolar hyperglycemic syndrome; HbA ., glycated hemoglobin; ICU, intensive care unit; NA, not applicable.

Data Sharing

All relevant data are within the manuscript.

Acknowledgment

A special acknowledgment for data collectors Raed Abdulaziz Alghirash, Shahad Hisham Almomattin, Mohammed Ali
Aljasim, Sulaiman Mohammed Alanazi, Saja Abdullatif Albenayyan, Ahmed Osama Almubayyed, Mohammed Bader
Aljaffar, Fadhel Nasser Alibrahim.

Funding

The authors declare that no funding has been made available for the publication of this paper.

Disclosure
The authors declare that there is no conflict of interest regarding the publication of this paper.

References

1. Mahase E. Covid-19: WHO declares pandemic because of “alarming levels” of spread, severity, and inaction. BMJ. 2020;368:m1036. doi:10.1136/
bmj.m1036

2. Suvvari TK, Kutikuppala LVS, Tsagkaris C, Corriero AC, Kandi V. Post-COVID-19 complications: multisystemic approach. J Med Virol. 2021;93
(12):6451-6455. doi:10.1002/jmv.27222

3. Clarke SA, Abbara A, Dhillo WS. Impact of COVID-19 on the endocrine system: a mini-review. Endocrinology. 2022;163(1):bqab203. doi:10.1210/
endocr/bqab203

International Journal of General Medicine 2023:16 htps: 4275

Dove:


https://doi.org/10.1136/bmj.m1036
https://doi.org/10.1136/bmj.m1036
https://doi.org/10.1002/jmv.27222
https://doi.org/10.1210/endocr/bqab203
https://doi.org/10.1210/endocr/bqab203
https://www.dovepress.com
https://www.dovepress.com

Alhawaj et al Dove

4.

5.

oo

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.
31.

32.

33.

34.

35.

36

Pollard CA, Morran MP, Nestor-Kalinoski AL. The COVID-19 pandemic: a global health crisis. Physiol Genomics. 2020;52(11):549-557.
doi:10.1152/physiolgenomics.00089.2020

Dooling K, Marin M, Wallace M, et al. The Advisory Committee on Immunization Practices’ Updated Interim Recommendation for Allocation of
COVID-19 Vaccine - United States, December 2020. MMWR Morb Mortal Wkly Rep. 2021;69(5152):1657-1660. doi:10.15585/mmwr.mm695152¢2

. Lisco G, De Tullio A, Giagulli VA, Guastamacchia E, De Pergola G, Triggiani V. Hypothesized mechanisms explaining poor prognosis in type 2

diabetes patients with COVID-19: a review. Endocrine. 2020;70(3):441-453. doi:10.1007/s12020-020-02444-9

. Gregory JM, Slaughter JC, Duffus SH, et al. COVID-19 Severity Is Tripled in the Diabetes Community: a Prospective Analysis of the Pandemics

Impact in Type 1 and Type 2 Diabetes. Diabetes Care. 2021;44(2):526-532. doi:10.2337/dc20-2260

. Huang I, Lim MA, Pranata R. Diabetes mellitus is associated with increased mortality and severity of disease in COVID-19 pneumonia -

A systematic review, meta-analysis, and meta-regression. Diabetes Metab Syndr. 2020;14(4):395-403. doi:10.1016/j.dsx.2020.04.018

. Guan WJ, Liang WH, Zhao Y, et al. Comorbidity and its impact on 1590 patients with COVID-19 in China: a nationwide analysis. Eur Respir J.

2020;55(5):2000547. doi:10.1183/13993003.00547-2020

. Mahamat-Saleh Y, Fiolet T, Rebeaud ME, et al. Diabetes, hypertension, body mass index, smoking and COVID-19-related mortality: a systematic

review and meta-analysis of observational studies. BMJ Open. 2021;11(10):¢052777. doi:10.1136/bmjopen-2021-052777

. Zheng C, Shao W, Chen X, Zhang B, Wang G, Zhang W. Real-world effectiveness of COVID-19 vaccines: a literature review and meta-analysis.

Int J Infect Dis 2022;114:252-260. doi:10.1016/.ijid.2021.11.009

. Leelavathy M, Messaline S, Ramachandran D, Sukumaran A, Jose R, Noufel AN. Attitude towards COVID-19 vaccination among the public in

Kerala: a cross sectional study. J Family Med Prim Care. 2021;10(11):4147-4152. doi:10.4103/jfmpc.jfmpc_583 21

. Samuel SM, Varghese E, Triggle CR, Biisselberg D. COVID-19 Vaccines and Hyperglycemia-Is There a Need for Postvaccination Surveillance?

Vaccines 2022;10(3):454. doi:10.3390/vaccines10030454

. Abu-Rumaileh MA, Gharaibeh AM, Gharaibeh NE. COVID-19 Vaccine and Hyperosmolar Hyperglycemic State. Cureus. 2021;13(3):e14125.

doi:10.7759/cureus. 14125

. Wan EYF, Chui CSL, Mok AHY, et al. mRNA (BNT162b2) and Inactivated (CoronaVac) COVID-19 Vaccination and Risk of Adverse Events and

Acute Diabetic Complications in Patients with Type 2 Diabetes Mellitus: a Population-Based Study. Drug Saf. 2022;45(12):1477-1490.
doi:10.1007/s40264-022-01228-6

. Edwards AE, Vathenen R, Henson SM, Finer S, Gunganah K. Acute hyperglycaemic crisis after vaccination against COVID-19: a case series.

Diabet Med. 2021;38(11):e14631. doi:10.1111/dme.14631

. Yakou F, Saburi M, Hirose A, et al. A Case Series of Ketoacidosis After Coronavirus Disease 2019 Vaccination in Patients With Type 1 Diabetes.

Front Endocrinol. 2022;13:840580. doi:10.3389/fendo.2022.840580

. Lee HJ, Sajan A, Tomer Y. Hyperglycemic Emergencies Associated With COVID-19 Vaccination: a Case Series and Discussion. J Endocr Soc.

2021;5(11):bvabl41. doi:10.1210/jendso/bvabl41

. Yaturu S, Azimi SD, Allen AM, Atkins, J, et al. Covid-19 vaccine related hyperosmolar hyperglycemic state and normalized glycemia within 2

months. Journal of Diabetes Mellitus. 2022;12(01):12—17. doi:10.4236/jdm.2022.121002

Mishra A, Ghosh A, Dutta K, Tyagi K, Misra A. Exacerbation of hyperglycemia in patients with type 2 diabetes after vaccination for COVID19:
report of three cases. Diabetes Metab Syndr. 2021;15(4):102151. doi:10.1016/j.dsx.2021.05.024

Zhang T, Mei Q, Zhang Z, et al. Risk for newly diagnosed diabetes after COVID-19: a systematic review and meta-analysis. BMC Med. 2022;20
(1):444. doi:10.1186/s12916-022-02656-y

Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of COVID-19. Nat Med. 2022;28(3):583-590. doi:10.1038/s41591-022-
01689-3

Al-Aly Z, Xie Y, Bowe B. High-dimensional characterization of post-acute sequelae of COVID-19. Nature. 2021;594(7862):259-264. doi:10.1038/
s41586-021-03553-9

Wu CT, Lidsky PV, Xiao Y, et al. SARS-CoV-2 infects human pancreatic B cells and elicits p cell impairment. Cell Metab. 2021;33(8):1565-1576.
5. doi:10.1016/j.cmet.2021.05.013

Xie Y, Al-Aly Z. Risks and burdens of incident diabetes in long COVID: a cohort study. Lancet Diabetes Endocrinol. 2022;10(5):311-321.
doi:10.1016/S2213-8587(22)00044-4

Tang X, Uhl S, Zhang T, et al. SARS-CoV-2 infection induces beta cell transdifferentiation. Cell Metab. 2021;33(8):1577-1591.e7. doi:10.1016/].
cmet.2021.05.015

Aydogan BI, Unliitirk U, Cesur M. Type 1 diabetes mellitus following SARS-CoV-2 mRNA vaccination. Endocrine. 2022;78(1):42-46.
doi:10.1007/512020-022-03130-8

Sakurai K, Narita D, Saito N, et al. Type 1 diabetes mellitus following COVID-19 RNA-based vaccine. J Diabetes Investig. 2022;13(7):1290-1292.
doi:10.1111/jdi.13781

Moon H, Suh S, Park MK. Adult-Onset Type 1 Diabetes Development Following COVID-19 mRNA Vaccination. J Korean Med Sci. 2023;38(2):
el2. doi:10.3346/jkms.2023.38.e12

Bally K, Ji B, Soni L. COVID-19 Vaccine-Induced Latent Autoimmune Diabetes in Adults. Cureus. 2023;15(1):€33762. doi:10.7759/cureus.33762
Kwan AC, Ebinger JE, Botting P, Navarrette J, Claggett B, Cheng S. Association of COVID-19 Vaccination With Risk for Incident Diabetes After
COVID-19 Infection. JAMA Netw Open. 2023;6(2):€2255965. doi:10.1001/jamanetworkopen.2022.55965

Infante M, Fabbri A, Padilla N, et al. BNT162b2 mRNA COVID-19 Vaccine Does Not Impact the Honeymoon Phase in Type 1 Diabetes: a Case
Report. Vaccines. 2022;10(7):1096. doi:10.3390/vaccines10071096

Meo SA, Bukhari IA, Akram J, Meo AS, Klonoff DC. COVID-19 vaccines: comparison of biological, pharmacological characteristics and adverse
effects of Pfizer/BioNTech and Moderna Vaccines. Eur Rev Med Pharmacol Sci. 2021;25(3):1663-1669. doi:10.26355/eurrev_202102_24877
Mahallawi WH, Mumena WA. Reactogenicity and Immunogenicity of the Pfizer and AstraZeneca COVID-19 Vaccines. Front Immunol.
2021;12:794642. doi:10.3389/fimmu.2021.794642

Al Khames Aga QA, Alkhaffaf WH, Hatem TH, et al. Safety of COVID-19 vaccines. J Med Virol. 2021;93(12):6588—-6594. doi:10.1002/jmv.27214

. van den Berg JM, Remmelzwaal S, Blom MT, et al. Effectiveness of COVID-19 Vaccines in Adults with Diabetes Mellitus: a Systematic Review.

Vaccines 2022;11(1):24. doi:10.3390/vaccines11010024

4276 e International Journal of General Medicine 2023:16

Dove!


https://doi.org/10.1152/physiolgenomics.00089.2020
https://doi.org/10.15585/mmwr.mm695152e2
https://doi.org/10.1007/s12020-020-02444-9
https://doi.org/10.2337/dc20-2260
https://doi.org/10.1016/j.dsx.2020.04.018
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1136/bmjopen-2021-052777
https://doi.org/10.1016/j.ijid.2021.11.009
https://doi.org/10.4103/jfmpc.jfmpc_583_21
https://doi.org/10.3390/vaccines10030454
https://doi.org/10.7759/cureus.14125
https://doi.org/10.1007/s40264-022-01228-6
https://doi.org/10.1111/dme.14631
https://doi.org/10.3389/fendo.2022.840580
https://doi.org/10.1210/jendso/bvab141
https://doi.org/10.4236/jdm.2022.121002
https://doi.org/10.1016/j.dsx.2021.05.024
https://doi.org/10.1186/s12916-022-02656-y
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41586-021-03553-9
https://doi.org/10.1038/s41586-021-03553-9
https://doi.org/10.1016/j.cmet.2021.05.013
https://doi.org/10.1016/S2213-8587(22)00044-4
https://doi.org/10.1016/j.cmet.2021.05.015
https://doi.org/10.1016/j.cmet.2021.05.015
https://doi.org/10.1007/s12020-022-03130-8
https://doi.org/10.1111/jdi.13781
https://doi.org/10.3346/jkms.2023.38.e12
https://doi.org/10.7759/cureus.33762
https://doi.org/10.1001/jamanetworkopen.2022.55965
https://doi.org/10.3390/vaccines10071096
https://doi.org/10.26355/eurrev_202102_24877
https://doi.org/10.3389/fimmu.2021.794642
https://doi.org/10.1002/jmv.27214
https://doi.org/10.3390/vaccines11010024
https://www.dovepress.com
https://www.dovepress.com

Dove Alhawaj et al

37. Dicembrini I, Vitale V, Cosentino C, et al. Interstitial glucose monitoring, type 1 diabetes and COVID-19 vaccine: the patient-reported outcomes
and vaccine-associated changes in glucose and side effects (PRO-VACS). Acta Diabetol. 2022;59(3):435-438. doi:10.1007/s00592-021-01837-0

38. Bhattacharjee A, Khanna A, Gutch M. COVID vaccination in patients with diabetes mellitus: a catch 22 situation? J Family Med Prim Care.
2022;11(1):403-404. doi:10.4103/jfmpc.jfmpec_1313_21

International Journal of General Medicine Dove

Publish your work in this journal

The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a

very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2023:16 n il in n Dove 42717


https://doi.org/10.1007/s00592-021-01837-0
https://doi.org/10.4103/jfmpc.jfmpc_1313_21
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Subjects
	Data Analysis

	Results
	Discussion
	Limitations
	Conclusion
	Abbreviations
	Data Sharing
	Acknowledgment
	Funding
	Disclosure

