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Abstract

To investigate the frequency, profile, and severity of COVID-19 breakthrough infections (BI) in patients with type I diabetes 
mellitus (T1DM) compared to healthy controls (HC) after vaccination. The second COVID-19 Vaccination in Autoimmune 
Diseases (COVAD-2) survey is a multinational cross-sectional electronic survey which has collected data on patients suffering 
from various autoimmune diseases including T1DM. We performed a subgroup analysis on this cohort to investigate COVID-
19 BI characteristics in patients with T1DM. Logistic regression with propensity score matching analysis was performed. 
A total of 9595 individuals were included in the analysis, with 100 patients having T1DM. Among the fully vaccinated 
cohort, 16 (16%) T1DM patients had one BI and 2 (2%) had two BIs. No morbidities or deaths were reported, except for one 
patient who required hospitalization with oxygen without admission to intensive care. The frequency, clinical features, and 
severity of BIs were not significantly different between T1DM patients and HCs after adjustment for confounding factors. 
Our study did not show any statistically significant differences in the frequency, symptoms, duration, or critical care require-
ments between T1DM and HCs after COVID-19 vaccination. Further research is needed to identify factors associated with 
inadequate vaccine response in patients with BIs, especially in patients with autoimmune diseases.

Keywords COVID-19 · Breakthrough infections · Type 1 diabetes mellitus · Vaccine · Survey

Introduction

The ongoing COVID-19 pandemic has significantly 
impacted individuals living with systemic autoimmune dis-
eases (SAIDs) worldwide. A weaker immune response to 
infection along with the use of long-term immunosuppres-
sive drugs put them at the risk of adverse clinical outcomes 
and mortality [1, 2]. Individuals with SAIDs such as T1 
diabetes (T1DM), particularly those with poor glycaemic 
control are more susceptible to developing infections due 
to associated cytokine dysregulation and premature immu-
nosenescence (accelerated aging of the immune system) in 

hyperglycemia [3]. Additionally, they may be particularly 
predisposed due to hyperglycemia and consequent immune 
dysregulation [4]. These patients may also have multiple 
complications of their disease (e.g. cardiovascular disease, 
chronic kidney disease) [5]. Hence, this patient subgroup is 
more likely to develop severe COVID-19 infection and its 
complications.

The development and widespread uptake of COVID-19 
vaccines had been critical in containing and mitigating the 
impact of this virus. While current evidence suggests that 
the benefits of the vaccine outweigh its potential of vaccine-
induced disease flares and other adverse outcomes [6, 7], 
the emergence of COVID-19 breakthrough infections (BI), 
defined as the detection of SARS-CoV-2 or antigen in the 
respiratory samples of an individual ≥ 14 days after complete 
vaccination, has raised concerns about the effectiveness of 
vaccines [8]. A diagnosis of systemic autoimmune diseases 
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(SAIDs) is likely to render individuals at a higher risk of 
severe BI [9] contributing to vaccine hesitancy [10]. With 
limited evidence available on the safety of COVID-19 vac-
cines in T1DM patients, it is imperative to understand the 
prevalence and risk factors for BI in adults with T1DM.

This study aimed to investigate the frequency, profile, 
severity, and time to resolution of COVID-19 breakthrough 
infections (BI) in patients with type I diabetes mellitus 
(T1DM) compared to healthy controls (HC) after vaccina-
tion to elaborate the challenges and potential vulnerabilities 
faced by individuals with T1DM in the context of COVID-
19 breakthrough infections, ultimately contributing to a 
more comprehensive understanding of vaccine efficacy and 
protection within this specific patient population.

Methodology

Study design

The second COVID-19 vaccination in autoimmune disease 
(COVAD-2), conducted in 2022, is a multinational, cross-
sectional, patient-self-reported electronic survey [11]. This 
survey is a continuation of the first COVAD survey which 
was circulated in 2021 [9]. The first survey looked at short 
term vaccination-related adverse events, details of COVID-
19 infection and health outcomes. The Checklist for Report-
ing Results of the Internet E-Surveys (CHERRIES) was 
adhered to when reporting the results [12]. The survey was 
administered to participants in over a 100 countries via > 150 
centres. COVID-19 breakthrough infection (BI) data in 
patients with type 1 diabetes mellitus (T1D) and healthy 
controls (HC) was obtained.

Data collection

After obtaining approval from worldwide experts, conduct-
ing a pilot test, and having the materials translated into 18 
different languages, we hosted two extensive questionnaires 
(COVAD-1 AND COVAD-2) on the website surveymonkey.
com. The survey was distributed by the COVAD study group 
internationally. Disease-specific information, such as the 
type of autoimmune rheumatic diseases (AIRD), duration, 
clinical symptoms, current medications, and patient-reported 
outcomes, such as PROMIS) physical and mental function 
and quality of life (QoL) scores, were also gathered in addi-
tion to patient demographics and comorbidities [13]. The 
specific type of COVID-19 vaccination administered to the 
patients included Pfizer-BioNTech, Oxford/Astra Zeneca, 
Johnson & Johnson (J&J), Moderna, Novavax, Covishield 
(Serum Institute of India), Covaxin (Bharat Biotech), Sput-
nik, Sinopharm, and Sinovac-CoronaVac, among others. We 
gathered information on breakthrough COVID infections in 

type 1 diabetics and healthy controls after vaccination. The 
previously published COVAD study protocol contain a full 
description of survey methodologies and questions [14].

Data extraction

Following data collection, data were extracted from 
COVAD-2 database on 28th September 2022. Respondents 
excluded from the analysis are participants with incomplete 
responses, those who had their vaccinations in the middle 
of 2020 (likely trial participants), unvaccinated respond-
ents, and those who had received only a single dose of any 
COVID-19 vaccine. We performed a subgroup analysis 
which included patients who had T1D from the cohort.

Statistical analysis

Descriptive data are expressed as frequencies (percentages) 
and medians (inter-quartile ranges). Chi-squared (χ2) and 
Mann–Whitney U tests were used to compare groups for 
categorical and continuous variables, respectively. Propen-
sity score matching analysis among BI in T1D and HCs was 
performed with 1:1 match and emphasis on exact matches. 
The factors matched were age, gender, ethnicity, presence 
of any comorbidity, and mental health disorders. Statistical 
analyses were performed using IBM SPSS version 28.

Ethical considerations

Ethical approval was obtained from the Institutional Ethics 
Committee of SGPGIMS, Lucknow, India, and all partici-
pants consented electronically.

Results

Of 10,783 respondents at the time of data analysis, 733 
unvaccinated and 324 single-dose respondents, and 131 
incomplete responses were excluded. Out of the total 9595 
individuals included in the final analysis 3435 were HCs and 
100 patients had the diagnosis of T1DM (Table S1 in the 
Supplementary File). Among the HCs, 467 (13.5%) reported 
experiencing a BI once and 124 (3.6%) reported experi-
encing a BI twice. Among the 100 T1DM patients (66% 
female, 46% Caucasian), 16 (16%) experienced one BI, and 
2 (2%) experienced BI twice (Table S2 in the Supplementary 
File). The median time to symptom resolution was 10 days 
(2.5–72 days) in T1DM patients who received 2 doses of 
vaccine and 14 days (6 to 18 days) in those who received 3 
doses. The most prevalent symptoms during the first BI in 
T1DM patients were cough (62.5%), fatigue (50%), fever 
(37.5%), and myalgia (31.25%). Only one patient required 
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hospitalization for supplemental oxygen requirement, how-
ever, did not require intensive care.

Supplementary Table S3 presents the population charac-
teristics of T1DM before and after PSM analysis. The results 
of PSM analysis indicated that individuals with T1DM had 
no statistically significant increase in the risk of experienc-
ing one-time BI [T1DM vs HC OR 1.2 (0.7–2.0), p = 0.490] 
or two-time BI [T1DM vs HC OR 0.5 (0.1–2.2), p = 0.399] 
as compared to HCs (Table 1).

Discussion

In this study, we found no differences in the frequency, 
symptoms, duration, or critical care requirements between 
T1DM and HCs after COVID-19 vaccination. Individuals 
with SAIDs, including T1DM, may be at an increased risk 
of severe COVID-19 infection and associated morbidity and 
mortality when compared with healthy controls [15, 16]. 
This can be related to diabetes-associated hyperglycemia 
impairing the immune function and inducing immunosenes-
cence [17, 18]. Moreover, hyperglycemia promotes viral rep-
lication via the production of mitochondrial reactive oxygen 

species and activation of hypoxia-inducible factor 1α [19], 
putting these patients at risk for BI even after full vaccina-
tion. A study by Basso et al. reported 2.41 times higher odds 
of contracting a BI in diabetics as compared to individu-
als without diabetes [20]. This contrasts with the reassur-
ing findings of our study where there were no differences 
in the frequency of BIs between patients with T1DM and 
HCs. A recent study by Jia et al. reported similar humoral 
antibody responses to SARS-CoV-2 mRNA vaccines dur-
ing 12 months of follow-up as well as similar rates of BI in 
T1DM patients and HCs [21].

Our study reported only mild symptoms following BI in 
T1DM patients including cough, fatigue, fever, and myalgia 
with only one patient requiring hospitalization for oxygen 
supplementation. The PRO-VACS 2 study reported mild 
COVID-19 symptoms including cough, cold, sore throat, and 
fever in cases of BI in 24 fully immunized T1DM patients 
[22]. The above study also did not show any major effect 
of BI on glycaemic control in vaccinated patients. Though 
some studies suggest a glycemic deterioration in diabetic 
patients following a COVID-19 infection [23], there is lim-
ited evidence regarding the effect of BI on glycemic control 
in these patients. In addition, a meta-analysis reported small 

Table 1  Comparison of clinical 
features and management 
strategies between type 1 
diabetic patients and healthy 
controls after propensity score 
matching

T1DM type 1 diabetes mellitus, HC healthy controls, OR odds ratio, CI confidence intervals, ICU intensive 
care unit, HDU high-dependency unit

T1DM (n = 14) HC (n = 14) OR (95% CI) p value

Any symptoms 14 (100.0) 14 (100.0) 1.000

Fever 6 (42.9) 5 (35.7) 0.699

Fatigue 8 (57.1) 7 (50.0) 0.705

Muscle aches 5 (35.7) 9 (64.3) 0.131

Joint pains 3 (21.4 5 (35.7) 0.403

Cough 10 (71.4) 8 (57.1) 0.430

Difficulty breathing 2 (14.3) 5 (35.7) 0.190

Loss of smell 3 (21.4) 1 (7.1) 0.280

Loss of taste 3 (21.4) 2 (14.3) 0.622

Running nose 7 (50.0) 6 (42.9) 0.705

Congestion 5 (35.7) 7 (50.0) 0.445

Throat pain/scratchiness 5 (35.7) 9 (64.3) 0.131

Chest pain 0 (0) 1 (7.1) 0.309

Diarrhoea 5 (35.7) 4 (28.6) 0.686

Headache 4 (28.6) 9 (64.3) 0.2 (0.04–1.09) 0.058

Oral ulcers 2 (14.3) 3 (21.4) 0.622

Nausea/vomiting 0 (0) 0 (0) –

Abdominal pain 1 (7.1) 3 (21.4) 0.280

Skin rashes 0 (0) 0 (0) –

Hospitalisation 1 (7.1) 3 (21.4) 0.280

ICU care or other HDU 0 (0) 0 (0) –

Oxygen requirement 0 (0) 1 (7.1) 0.309

Advanced treatment for 
COVID-19 infection

6 (42.9) 4 (28.6) 0.430
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improvements in various outcomes of glycemic control in 
diabetic patients with no statistically significant effect on 
HBA1c [24].

Our study did not find significant differences in BI fre-
quency, clinical features, or severity between T1DM patients 
and HCs, reaffirming comparable protection provided by 
vaccinations in both groups [9, 25]. With limited evidence 
of vaccine effectiveness in T1DM available in literature, 
this brief report attempts to fill this gap and may serve as 
a valuable resource for clinicians when addressing patient 
inquiries regarding the frequency, severity, and time to reso-
lution of BIs following COVID-19 vaccination. In addition, 
it can serve as a foundation for researchers to expand on the 
limited literature available on the impact of BIs on the long-
term glycemic control of these patients, and the occurrence 
of any severe, life-threatening symptoms that may result 
from BIs.

COVAD group leads a large collaborative initiative with 
patient voice on COVID-19 infection and vaccination with 
data collected from over hundred countries, encompassing 
patient responses from a wide range of geographical areas. 
This is a major strength of our study. However, our study 
also has some limitations that should be considered. The 
sample size of T1DM patients is relatively small, data on 
glycaemic control was not captured by the survey, and there 
is the possibility of inadvertent introduction of recall and 
selection bias in the online survey. This anonymized, self-
reported patient survey addresses the difference in perspec-
tive between patients and physicians about symptom bur-
den and vaccine side effects. Understanding the patient’s 
perspective is imperative in addressing vaccine hesitancy. 
Further studies with larger sample sizes and longitudinal 
design may provide more definitive conclusions.

In conclusion, the results of our study suggest that vac-
cination against COVID-19 is as effective and safe in T1DM 
patients as compared to healthy controls. Further research 
to understand the factors associated with inadequate vaccine 
response in individuals with BIs will contribute to a more 
comprehensive understanding of BIs in the context of T1DM 
and autoimmune diseases.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00296- 023- 05496-y.
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