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Background: Little is known about the adverse events (AEs) associated with coronavirus disease 2019 (COVID-19) vaccination
in patients with type 2 diabetes mellitus (T2DM).

Methods: This study used vaccine AE reporting system data to investigate severe AEs among vaccinated patients with T2DM. A
natural language processing algorithm was applied to identify people with and without diabetes. After 1:3 matching, we collected
data for 6,829 patients with T2DM and 20,487 healthy controls. Multiple logistic regression analysis was used to calculate the
odds ratio for severe AEs.

Results: After COVID-19 vaccination, patients with T2DM were more likely to experience eight severe AEs than controls: cere-
bral venous sinus thrombosis, encephalitis myelitis encephalomyelitis, Bell's palsy, lymphadenopathy, ischemic stroke, deep vein
thrombosis (DVT), thrombocytopenia (TP), and pulmonary embolism (PE). Moreover, patients with T2DM vaccinated with
BNT162b2 and mRNA-1273 were more vulnerable to DVT and TP than those vaccinated with JNJ-78436735. Among patients
with T2DM administered mRNA vaccines, nRNA-1273 was safer than BNT162b2 in terms of the risk of DVT and PE.
Conclusion: Careful monitoring of severe AEs in patients with T2DM may be necessary, especially for those related to thrombot-

ic events and neurological dysfunctions after COVID-19 vaccination.
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INTRODUCTION

The outbreak of the coronavirus disease 2019 (COVID-19)
pandemic in 2019 and its ramifications have spurred the devel-
opment of vaccines [1]. Because of the urgency of this health
crisis, the U.S. Food and Drug Administration (FDA) rapidly
approved vaccines on December 14, 2020: two mRNA vac-
cines (mRNA-1273, Moderna, Cambridge, MA, USA; and
BNT162b2, Pfizer-BioNTech, New York, NY, USA) and one

viral vector vaccine (JNJ-78436735, Janssen/Johnson and
Johnson, Titusville, NJ, USA) [2,3]. Although the rapid dis-
semination of the COVID-19 vaccines has played an impor-
tant role in minimizing the spread and damage of the virus,
there are also considerable concerns about their safety [1]. In-
deed, reported adverse events (AEs) after COVID-19 vaccina-
tion range from mild symptoms, such as pain at the injection
site, fever, or headache, to severe symptoms, including death
[4]. Phase 3 trials lacked sufficient follow-up time and had lim-
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ited sample sizes and restrictive inclusion criteria. These issues
may have hindered the detection of any serious AEs after CO-
VID-19 vaccination [3].

It has been widely reported that diabetes is undoubtedly as-
sociated with a poorer prognosis (or severe symptoms) after
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection [5,6]. A meta-analysis demonstrated a higher
mortality risk among patients with diabetes who contract CO-
VID-19 [7]. Furthermore, a few cases of deep vein thrombosis
(DVT), pulmonary embolism (PE) [8], and Guillain-Barre
syndrome [9] have been reported after COVID-19 vaccina-
tion. However, most of the studies on type 2 diabetes mellitus
(T2DM) are case reports of AEs after COVID-19 vaccination,
and few studies have considered the underlying disease of
T2DM. Therefore, this study aimed to investigate the risk of
severe AEs after COVID-19 vaccine administration in patients
with T2DM. The study also sought to investigate whether this
risk varies with vaccine type.

METHODS

This study was approved by the Institutional Review Board of
the CHA Bundang Medical Center (CHAMC 2022 02 018).
Written informed consent by the patients was waived due to a
retrospective nature of our study. The guidelines for Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) were followed for this study (Supplementary Table
1).

Data source

This retrospective analysis was based on Vaccine Adverse
Event Reporting System (VAERS) data from 14 December
2020 to 30 September 2021. This data was used to analyze and
describe AEs following the approval of COVID-19 vaccines for
the United States population. The VAERS was developed in
1990 as a United States vaccine safety surveillance program by
the Centers for Disease Control and Prevention (CDC) and
the FDA. It collects information regarding AEs to serve as an
early warning system for potential safety issues with United
States-licensed vaccines. From vaccine recipients to healthcare
providers and vaccine makers, everyone can openly report side
effects on the VAERS [10]. Further information about the
VAERS data is available at https://vaers.hhs.gov/data.html (ac-
cessed on December 14, 2021).
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Natural language processing

To compare the risk of AEs after COVID-19 vaccination be-
tween patients with T2DM and healthy controls, natural lan-
guage processing (NLP) was conducted to extract data of pa-
tients with a history of T2DM combined with the correspond-
ing medications. The pipeline extracted information about
medication (Supplementary Table 2) taken by patients with a
history of T2DM according to the FDA and Global Diabetes
Community Forum guidelines [11]. Patients without diabetes
(controls) were defined as those with no history of disease or
medication. The NLP pipeline was developed using Python
version 3.7.10 (Python Software Foundation, Wilmington, DE,
USA) under the regular expression package ‘re’ Regular ex-
pressions are scripts specialized for processing texts, such as
pattern matching and capturing terms [12]. After completing
the NLP, we obtained samples resulting in 124,290 reports of
individuals (6,829 people with T2DM and 117,461 controls)
who experienced at least one AE after COVID-19 vaccination.
To validate the accuracy of our NLP work, we compared the
results of NLP and manual data extraction in terms of identify-
ing patients with T2DM and their medications. 6,829 and
6,819 key terms for T2DM were identified using NLP and
manual extraction, respectively. The concordance rate between
the manual extraction and NLP and was 99.85% (6,819/6,829).

Study population

This study investigated adults aged 18 years and older who were
vaccinated for COVID-19. Initially, data from 468,300 individ-
uals were available. The symptom description from the VAERS
data was used to identify T2DM cases. These were matched
against non-diabetic controls from the same VAERS data, with
matching based on age, sex, and type of vaccine. After applying
the NLP extraction algorithm with a history of T2DM com-
bined with the corresponding medications, data of 6,829 peo-
ple with T2DM and 117,461 controls with AEs were available.
Finally, data of 6,829 people with T2DM and 20,487 controls
(total 27,316 individuals) with AEs after 1:3 propensity score
matching were used for analysis. The flow of our study is sum-
marized in Fig. 1.

Severe AEs

We listed 25 severe AEs on the advice of a focus group of three
clinical experts. Each was used as the outcome of the analyses.
The list of severe AEs was classified using previous studies
(Supplementary Table 3) [3,13].
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Individuals reported to VAERS (n=625,628)

Age <18
Onset days >84
Number of AEs=0

Exclusion criteria (n=157,328)
Date: < 2020.12.14 or 2021.09.30 <

Missing values for covariates
Vaccine doses other than 1st, 2nd, 3rd, or unknown

Individuals for NLP (1=468,300)

Individuals with T2DM history
and medication (n=6,829)

Individuals without any disease history
and medication for T2DM
(n=117,461)

PSM 1:3

T2DM patients (1=6,829)

Non-diabetic controls (1=20,487)

Fig. 1. Flowchart of this study. VAERS, Vaccine Adverse Event Reporting System; AE, adverse event; NLP, natural language pro-
cessing; T2DM, type 2 diabetes mellitus; PSM, propensity score matching.

Statistical analysis

We first conducted 1:3 propensity score matching for age (cate-
gorical, 18-24, 25-39, 40-49, 50-64, 65-74, and >75), sex (cat-
egorical, male and female), and type of vaccine (JNJ-78436735,
mRNA-1273, or BNT162b2). This was to address any selection
bias between the T2DM and control groups. The matching re-
sulted in 6,829 patients with T2DM and 20,287 controls. Next,
the frequency of each of the 25 severe AEs after COVID-19
vaccination was investigated using the matched data. The chi-
squared test and Fisher’s exact test were used for the categorical
analyses. Multiple logistic regression analysis was conducted,
adjusting for sex, age, sex, onset days, and type of vaccine. Sen-
sitivity analysis was conducted to identify whether the risk of
developing severe AEs varied according to vaccine type. The
data obtained were subjected to normality testing. A two-sided
Pvalue of <0.05 was considered statistically significant. All sta-
tistical analyses were performed using R version 4.1.0 (R Foun-
dation for Statistical Computing, Vienna, Austria).
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Data and resource availability

All of the data used in this study came from the VAERS, which
is open to the public. The CDC and the FDA jointly run
VAERS: https://vaers.hhs.gov/data/datasets.html.

RESULTS

Compared with the characteristics of data before matching,
sex, age group, and vaccine type did not differ significantly af-
ter matching between patients with and without T2DM
(P>0.05) (Table 1). Of the patients with T2DM, 65.1% were fe-
male (male, 34.9%) and over 40% were aged 50 to 65 years.
mRNA-1273 (Moderna), BNT162b2 (Pfizer-BioNTech), and
JNJ-78436735 (Janssen/Johnson and Johnson) were adminis-
tered in 53.1%, 40.3%, and 6.6%, respectively, of the patients.
Table 2 shows the frequency of each of the 25 severe AEs af-
ter COVID-19 vaccination with mRNA-1273, BNT162b2, and
JNJ-78436735 among the people with and without diabetes.
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Table 1. Descriptive statistics before and after propensity score matching

Before matching After matching
Variable
T2DM Non-diabetic Pvalue T2DM Non-diabetic Pvalue
Number 6,829 117,461 6,829 20,487
Sex* 1.000
Female 4,443 (65.1) 78,857 (67.1) <0.001 4,443 (65.1) 13,329 (65.1)
Male 2,386 (34.9) 38,604 (32.9) 2,386 (34.9) 7,158 (34.9)
Age, yr* 1.000
18-24 18 (0.3) 10,520 (9.0) <0.001 18 (0.3) 54(0.3)
25-39 377 (5.5) 30,946 (26.3) 377 (5.5) 1,131 (5.5)
40-49 893 (13.1) 19,506 (16.6) 893 (13.1) 2,679 (13.1)
50-64 2,811 (41.2) 28,812 (24.5) 2,811 (41.2) 8,433 (41.2)
65-74 1,852 (27.1) 15,692 (13.4) 1,852 (27.1) 5,556 (27.1)
>75 878 (12.9) 11,985 (10.2) 878 (12.9) 2,634 (12.9)
Vaccine type* 1.000
JNJ-78436735 453 (6.6) 7,326 (6.2) <0.001 453 (6.6) 1,359 (6.6)
mRNA-1273 3,625 (53.1) 60,298 (51.3) 3,625 (53.1) 10,875 (53.1)
BNT162b2 2,751 (40.3) 49,837 (42.4) 2,751 (40.3) 8,253 (40.3)

Values are presented as number (%).
T2DM, type 2 diabetes mellitus.

*All standardized mean differences (SMD) <0.001 for both groups after matching.

There was a statistically significant difference in the frequency
of encephalitis myelitis encephalomyelitis (EME), Bells palsy
(BP), ischemic stroke (IS), DVT, lymphadenopathy (LAD),
thrombocytopenia (TP), and PE (P<0.05). In addition, cere-
bral venous sinus thrombosis (CVST) was marginally different
between people with and without diabetes (P=0.051). Addi-
tionally, we stratified the frequency of AEs among people with
and without diabetes by age groups (Supplementary Table 4).
For all three vaccination types, the risk of the AEs was higher
in patients with T2DM than in the controls (Supplementary
Figs. 1-3). After adjusting for sex, age, onset days, and type of
vaccine, the eight severe AEs among the 25 severe AEs were
significantly associated with T2DM compared with the con-
trols (P<0.05). The severe AEs with the largest differences be-
tween the patients with and without T2DM were CVST and
EME. The odds of developing CVST and EME were more than
10- and 5-fold higher, respectively, among patients with T2DM
compared with the controls. Moreover, BP, IS, DVT, LAD, TP,
and PE were more prevalent among patients with T2DM, with
odds ratios (ORs) of 3.74, 2.69, 2.65, 2.07, 2.01, and 1.83, re-
spectively (Table 3, Fig. 2).

In the sensitivity analysis, we determined whether the risk of
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severe AEs varied with COVID-19 vaccine type. To do this, we
constructed eight additional multiple logistic regression mod-
els after including the interaction term of diabetes and the type
of vaccine. Compared with patients with T2DM who were ad-
ministered the JNJ-78436735 vaccine, those vaccinated with
mRNA-1273 had a significantly lower OR of TP (OR, 0.15;
95% confidence interval [CI], 0.02 to 0.80), while those vacci-
nated with BNT162b2 had a significantly higher OR of DVT
(OR, 4.69; 95% ClI, 1.26 to 18.77). Furthermore, among pa-
tients with T2DM who were vaccinated, those who were ad-
ministered mMRNA-1273 had a significantly lower OR of DVT
(OR, 0.17; 95% CI, 0.06 to 0.46) and PE (OR, 0.21; 95% ClI,
0.08 to 0.48) than those vaccinated with BNT162b2 (Table 4).

DISCUSSION

In this study, we systemically analyzed 25 severe AEs following
the administration of COVID-19 vaccines among patients
with T2DM. Compared with the healthy controls, patients
with T2DM were more likely to develop eight severe AEs:
CVST, EME, BP, IS, DVT, LAD, TP, and PE. In particular, DVT
was more prevalent among patients with T2DM vaccinated
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Table 2. Frequency (%) of the 25 severe adverse events after COVID-19 vaccination

Variable Opverall T2DM Non-diabetic Pvalue
Number 27,316 (100) 6,829 (25.0) 20,487 (75.0)

Guillain-Barre syndrome 32(0.1) 13(0.2) 19(0.1) 0.066
Hemorrhagic stroke 16 (0.1) 6(0.1) 10 (0.0) 0.253
Lymphopenia 1(0.0) 1(0.0) 0 0.250
Ischemic stroke 58(0.2) 28(0.4) 30(0.1) <0.001
Acute disseminated encephalomyelitis 2(0.0) 2(0.0) 0 0.062
Appendicitis 16 (0.1) 4(0.1) 12(0.1) 1.000
Cerebral venous sinus thrombosis 4(0.0) 3(0.0) 1(0.0) 0.051
Thrombocytopenia 47(0.2) 20(0.3) 27(0.1) 0.009
Acute myocardial infarction 63(0.2) 16 (0.2) 47(0.2) 0.942
Death 475 (1.7) 111 (1.6) 364 (1.8) 0.438
Anemia 2(0.0) 1(0.0) 1(0.0) 0.438
Neutropenia 3(0.0) 1(0.0) 2(0.0) 1.000
Bell's palsy 201 (0.7) 115 (1.7) 86 (0.4) <0.001
Transverse myelitis 3(0.0) 0 3(0.0) 1.000
Deep vein thrombosis 89 (0.3) 45 (0.7) 44 (0.2) <0.001
Anaphylaxis 10 (0.0) 3(0.0) 7(0.0) 0.718
Convulsions/seizures 171 (0.6) 49 (0.7) 122 (0.6) 0.308
Acute respiratory distress syndrome 5(0.0) 3(0.0) 2(0.0) 0.103
Narcolepsy/cataplexy 1(0.0) 0 1(0.0) 1.000
Myocarditis/pericarditis 59(0.2) 21(0.3) 38(0.2) 0.084
Pulmonary embolism 132 (0.5) 55(0.8) 77 (0.4) <0.001
Lymphadenopathy 509 (1.9) 199 (2.9) 310(1.5) <0.001
Encephalitis/myelitis/encephalomyelitis 10 (0.0) 7(0.1) 3(0.0) 0.003
Other thrombosis 38(0.1) 11(0.2) 27(0.1) 0.708
Multisystem inflammatory syndrome in children/ 0 0 1.000

multisystem inflammatory syndrome in adults

Values are presented as number (%).

COVID-19, coronavirus disease 2019; T2DM, type 2 diabetes mellitus.

with BNT162b2, and TP was more common in patients vacci-
nated with mRNA-1273 than in those vaccinated with JNJ-
78436735. Among the two types of mRNA vaccines, mRNA-
1273 showed a lower proportion of DVT and PE compared to
BNT162b2. To the best of our knowledge, this is the first study
to investigate the severe AEs associated with T2DM after CO-
VID-19 vaccination with different types of vaccines.

Our findings are consistent with those of previous studies
that reported a notable class of venous thromboembolism
events after COVID-19 vaccination [14]. These events occur
when a blood clot breaks off and blocks a vein [15]. COVID-19
vaccination can induce higher viscosity of the blood [16,17],
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leading to thrombotic complications in the vasculature [18]. In
general, patients with T2DM have higher blood viscosity than
those without diabetes [19]. Likewise, patients with COV-
ID-19 with comorbidities, such as diabetes, are more vulnera-
ble to thrombotic events [16,20,21]. The release of pro-inflam-
matory cytokines [22,23], along with hypoxia, immobility, and
disseminated vascular coagulation [20,24-27], is intimately
linked to the pathophysiology of thrombosis in patients with
T2DM with COVID-19. Thromboembolism events among
patients with COVID-19 have also shown decreased platelet
production and elevated d-dimer levels that hinder blood clot-
ting [28]. This is also marked by higher levels of fibrinogen and

Diabetes Metab ] 2023;47:356-365  https://e-dmj.org
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Table 3. Odds ratios of the eight severe adverse events between patients with T2DM (1=6,829) and non-diabetic healthy controls

(n=20,487)

Variable BP (n=201) DVT (n=89) LAD (n=509) PE (n=132) IS (n=58) TP (n=47)

T2DM 3.74(2.82-4.98)°  2.65(1.73-4.07)° 2.07 (1.72-2.48)°  1.83(1.28-2.61)°  2.69 (1.56-4.61)°  2.01 (1.11-3.61)*

Male sex 234(1.76-3.11)°  1.95(1.27-3.00)°  0.65(0.52-0.79)°  2.01(1.42-2.87)° 1.29(0.76-2.17)  2.83 (1.57-5.29)°

Age 1.00(0.99-1.01)  1.02(1.01-1.04)  0.97(0.96-0.97)° 1.01(0.99-1.02)  1.04(1.02-1.06)°  1.02 (0.99-1.04)

Vaccine type 1.14 (0.67-2.10) 0.38(0.21-0.73)>  2.24(1.36-4.05)>  0.50 (0.31-0.85)°  0.43 (0.21-1.02)*  0.38 (0.18-0.88)"
(mRNA-1273)

Vaccine type 1.03 (0.60-1.91) 0.44 (0.24-0.87)*  3.16(1.91-5.69)°  0.36 (0.21-0.63)°  0.38 (0.17-0.94)*  0.24 (0.10-0.60)"
(BNT162b2)

The odds ratio was calculated by multiple logistic regression analysis for each severe adverse event after adjusting for sex (reference: female), age,
onset days, and vaccine type (reference: JNJ-78436735) as covariates. In the case of cerebral venous sinus thrombosis and encephalitis myelitis
encephalomyelitis, the frequency of occurrence was very small (10 or less); therefore, the results of logistic regression were not presented in the
table.

T2DM, type 2 diabetes mellitus; BP, Bell's palsy; DVT, deep vein thrombosis; LAD, lymphadenopathy; PE, pulmonary embolism; IS, ischemic

stroke; TP, thrombocytopenia.
*P<0.05,°P<0.01, °P<0.001.

QOdds ratio for the severe AEs

PE [
TP >—0—<
, LAD [
&3] :
i DVT F ———
% IS F ——
«» BP —e—
EME +
CVST | :
1 : 1 1 1 1
0 5 10 15 20

Odds ratio (95% CI)

Fig. 2. Forest plot for results of eight adverse events (AEs) us-
ing logistic regression analysis. PE, pulmonary embolism; TP,
thrombocytopenia; LAD, lymphadenopathy; DVT, deep vein
thrombosis; IS, ischemic stroke; BP, Bell’s palsy; EME, enceph-
alitis myelitis encephalomyelitis; CVST, cerebral venous sinus
thrombosis; CI, confidence interval.

interleukin-6 in patients with T2DM than in those without di-
abetes [22,23].

Additionally, our findings are consistent with those of a few
studies that reported a higher risk of LAD among COVID-19
vaccinated people [29]. The aforementioned mechanisms may
also be involved in lymphatic dysfunction in patients with
T2DM. Increased metabolic activity can stimulate an immu-
nological response in lymphoid tissues, which may be provi-
sionally associated with greater pro-inflammatory cytokine re-
lease and subsequent damage to the lungs [30]. In addition, el-
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evated lymphocyte count and d-dimer levels were associated
with in-hospital complications among patients with T2DM in-
fected with SARS-CoV-2 [31].

Furthermore, COVID-19 patients with comorbidities, such
as diabetes, are likely to experience abnormalities in the central
nervous system (CNS) or peripheral nervous system (PNS)
[21,32,33], which can stimulate the incidence of encephalitis,
encephalopathy, or IS. A few case reports also presented the
incidence of BP [34] and CVST [35] among patients with dia-
betes who were infected with SARS-CoV-2. The structure of
the spike glycoprotein receptor-binding domain of SARS-
CoV-2 has a high affinity for angiotensin-converting enzyme 2
(ACE2) receptors in human cells [36]. When virions are at-
tached to the ACE2 receptor distributed on PNS and CNS
neurons, they may cause dysfunction in the fibrinolytic system
and induce severe neurological side effects, such as cerebral
venous thrombosis [37]. A randomized controlled trial has
shown that SARS-CoV-2 infection is accompanied by a loss of
function and mutations in neurons through the induction of
small fiber neuropathy that may promote diabetic neuropathy
and diabetic corneas [38]. Patients with diabetes are presumed
to be more vulnerable to viral attachment to the ACE2 recep-
tor. In addition, the release of angiotensin 1-7 induces the acti-
vation of the sympathetic nervous system. This leads to sys-
temic vasoconstriction and increased blood pressure, which
would enhance sympathetic activity through central stimula-
tion [39]. This may contribute to a higher mortality risk and
intensive care unit admission rates among patients with diabe-
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Table 4. Summarized results of the interaction effect analysis
Interaction effects BP DVT LAD PE IS TP

T2DMx (mRNA-1273)  1.26 (0.40-3.97)
(reference: T2DM x
JNJ-78436735)

T2DM x (BNT162b2)
(reference: T2DM x
JNJ-78436735)

T2DM x (mRNA-1273) 0.58 (0.31-1.07)
(reference: T2DM x
BNT162b2)

0.80 (0.22-2.91)

2.17 (0.67-7.08)  4.69 (1.26-18.77)*

0.17 (0.06-0.46)"

1.44 (0.46-5.42)

1.67 (0.54-6.24)

0.87 (0.60-1.25)

0.58 (0.20-1.65)  1.68(0.32-10.16) 0.15 (0.02-0.80)*

2.78(0.90-8.86)  2.54(0.45-16.84) 0.21 (0.02-1.34)

0.21(0.08-0.48)*  0.66(0.19-2.18)  0.72(0.17-3.08)

The odds ratio was calculated by multiple logistic regression analysis for each severe adverse event after adjusting for sex (reference: female), age,
onset days, and vaccine type (reference: JNJ-78436735) as covariates. In the case of cerebral venous sinus thrombosis and encephalitis myelitis
encephalomyelitis, the frequency of occurrence was very small (10 or less, respectively); therefore, the results are not presented in the table.

BP, Bell’s palsy; DVT, deep vein thrombosis; LAD, lymphadenopathy; PE, pulmonary embolism; IS, ischemic stroke; TP, thrombocytopenia;

T2DM, type 2 diabetes mellitus.
*P<0.05,°P<0.001.

tes infected with SARS-CoV-2 [33,40].

Our findings are in line with those of previous studies and
case reports showing the heterogeneous risk of AEs according
to the type of COVID-19 vaccine. A study reported that occur-
rence of vaccine-induced immune thrombotic TP may be as-
sociated with adenoviral vector-based vaccines [41]. Similarly,
the administration of mRNA vaccines is recommended to
mitigate the concern over the development of vaccine-induced
thrombotic thrombocytopenia syndrome [42]. We found sev-
eral case reports of a specific syndrome of thrombosis with TP
after vaccination with JNJ-78436735 [43,44]. Additionally, ac-
cording to a report from the Netherlands Pharmacovigilance
Centre Lareb, a government-funded organization that moni-
tors adverse drug reactions, the absolute number of incidents
of DVT after COVID-19 vaccination was greater with
BNT162b2 than with the adenovirus vector-based vaccine.
Furthermore, the number of DVT and PE cases was lower after
vaccination with mRNA-1273 than with BNT162b2 [45],
which is also consistent with our results.

This study has some limitations. First, due to the retrospec-
tive nature of the study and the absence of sufficient data, we
could not fully adjust for all the confounding factors that may
be involved in the risk of severe AEs after COVID-19 vaccina-
tion. For example, individual health-related characteristics,
such as height, weight, current glycemic status, comorbidities,
and medications, may also affect the risk of developing severe
AEs [46]. Although we controlled for the age and sex of each
sample data, a careful interpretation of our study is needed.
Second, the characteristics of the VAERS dataset, which con-
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sists of self-reported data, are subject to recall bias. Although
its policy of requiring vaccine manufacturers and healthcare
professionals to report AEs that come to their attention miti-
gate the concern over neglecting critical AEs in some way [47],
dedicated studies with measurement data are warranted to
generalize our findings. Third, we could not consider previous
vaccinations in our analysis. In other words, because we were
unable to distinguish the vaccination series, the AEs associated
with the COVID-19 vaccination could have occurred after any
series. Future studies that include information about each pa-
tient’s previous vaccinations are needed to clearly determine
the safety of the COVID-19 vaccine in patients with T2DM.

In conclusion, patients with T2DM are more likely to expe-
rience eight severe AEs after COVID-19 vaccination than
those without diabetes. Careful monitoring against severe AEs,
such as thrombotic events and neurological dysfunctions, may
be warranted in patients with T2DM after COVID-19 vaccina-
tion.
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