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Abstract

Background: Coronavirus disease 2019 (COVID-19) affected the 
whole world socially, economically, and medically. People with diabe-
tes mellitus could have higher rates of morbidity and mortality if infect-
ed by the virus. New-onset diabetes and diabetic emergencies were, in 
some cases, first identified after the COVID-19 vaccine. In this study, 
we aimed to evaluate the acute effect of COVID-19 vaccination on the 
glycemic parameters of patients with type 1 diabetes mellitus (T1DM).

Methods: This was a retrospective observational study that included 
patients with T1DM older than 14 years old using Freestyle libre sen-
sors and vaccinated with the COVID-19 vaccine. Data were collected 
from patients’ electronic medical records and glycemic profile param-
eters 1 to 2 weeks before and 1 to 2 weeks after the vaccine were 
extracted from the LibreView system.

Results: Seventy-two vaccines were analyzed from 44 patients with 
T1DM. There was no acute change of interstitial glucose measures 
after COVID-19 vaccination; however, there was a significant reduc-
tion in time in range and an increase in time above range after vacci-
nation in those who were aged above 28 and had longer duration and 
better diabetes mellitus (DM) control. Glycated hemoglobin (HbA1c) 
was the only independent factor associated with the change in the 
glycemic profile after vaccination in multivariate regression analysis.

Conclusion: In our study population, there was no significant change 

in glycemic parameters after COVID-19 vaccination but those above 
28 years old with longer duration of DM and lower HbA1c could have 
shifted upward their interstitial glucose levels. Precautions could be 
considered in those groups before receiving the vaccine.

Keywords: COVID-19 vaccines; Diabetes mellitus; Type 1; Glycat-
ed hemoglobin; Blood glucose

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) which was later known as coronavirus disease 2019 
(COVID-19) was identified initially in China. This pandemic 
disturbed the whole world’s dynamics, economy, and health-
care [1].

The fatality rate is higher among patients with multiple co-
morbidities including, but not limited to, diabetes, pulmonary 
diseases, and cardiac diseases [2]. New-onset diabetes and dia-
betic emergencies such as hyperosmolar hyperglycemic syn-
drome (HHS) and diabetic ketoacidosis (DKA) were, in some 
cases, first identified during COVID-19 infection [3, 4].

A nationwide COVID-19 vaccination program was started 
in Saudi Arabia as the Saudi Food and Drug Authority (SFDA) 
reviewed the data presented by vaccine manufacturers and ap-
proved the first COVID-19 vaccine in December 2020 [5]. The 
common side effects of available vaccinations were injection 
site pain, headache, fatigue, fever, and nausea or vomiting [6].

Before COVID-19, there was no research in the literature 
reporting specifically on the relationship between vaccines to 
blood glucose elevations. However, studies in the literature 
focused on confirming the overall safety and benefits of vac-
cines in patients with diabetes. Blood glucose instability was 
reported after influenza vaccination, which could be not only 
due to a reaction to the virus itself but also to the excipients in 
the vaccine [7].

Few studies correlated the relationship between the COV-
ID-19 vaccine and hyperglycemia. Heald et al conducted a 
study on 20 patients in which eight of them received Pfizer-
BioNTech while 12 of them received the Oxford/AstraZeneca 
vaccine. There was a significant reduction in the glucose time 
in range (TIR) by 14% among all participants with no differ-
ence between the type of vaccine (P-value of 0.020) [8]. They 
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also demonstrated almost the same results on 97 consecutive 
adults (age ≥ 18 years) with type 1 diabetes mellitus (T1DM) 
and showed a decline in the time glucose was on target for the 
week following vaccination. However, it was a modest change, 
(mean 52.2±2.0%) versus pre-COVID-19 vaccination (mean 
55.0±2.0%) (P = 0.030) [9].

There are many case reports published recently showing 
the COVID-19 vaccines induced hyperglycemia and its related 
complications. Acute hyperglycemia started a few days after ad-
ministration of the vaccine and ranged from mild hyperglycemia 
to DKA and HHS required hospitalization or intensive care unit 
(ICU) admission regardless of the diabetic status, previous his-
tory of COVID-19 infection, and vaccine type and dose [10].

Continuous glucose monitoring (CGM) devices show the 
average blood glucose levels and estimate the trend direction. 
Nowadays, they are increasingly being used routinely in the care 
of people with T1DM [11]. By using flash glucose monitoring 
(FGM), users can retrospectively review the preceding 8 h of 
continuous glucose data [12]. Those devices were considered a 
real change in diabetes management and showed a reduction in 
glycated hemoglobin (HbA1c) with their usage [11, 13].

We observed in our clinical practice that some patients 
with DM could experience a transient instability of blood 
glucose levels after vaccination. Hence comes the need to 
study the effect of vaccination on people with diabetes mel-
litus (DM). The stimulation of the immune response can lead 
to an increase in counterregulatory hormone levels such as 
adrenaline, growth hormone, cortisol, and glucagon [14]. The 
increase in counterregulatory hormone response in people with 
T1DM led us to the hypothesis of a decrease in glucose TIR 
acutely after vaccination.

Materials and Methods

Ethical approval

Institutional Review Board of College of Medicine, King Saud 
University, Saudi Arabia reviewed and approved the protocol 
(E-22-6910). The study was conducted in compliance with the 
ethical standards of the responsible institution on human sub-
jects as well as with the Helsinki Declaration.

Study design

This was a retrospective observational study of patients with 
T1DM who were following in the adult diabetes clinics at the 
University Diabetes Center (UDC), King Saud University 
Medical City (KSUMC), received at least one COVID-19 vac-
cine and were using FGM.

Subjects

We included in our analysis patients with T1DM, who re-
ceived at least one COVID-19 vaccination and using FGM 1 
or 2 weeks before and after the vaccine with at least more than 

70% of usage. Those who received corticosteroid treatment or 
were affected by any concomitant condition capable of affect-
ing glucose control in three previous months were excluded.

Materials

The LibreView reporting system provides several metrics over 
the selected period for each participant that are all dependent 
on underlying patient interstitial glucose control; these include 
average glucose, glucose variability (GV) and percentage 
of glucose results falling within given ranges: TIR 3.9 - 10 
mmol/L, time above rage (TAR) ≥ 10.1 mmol/L and time be-
low range (TBR) < 3.9 mmol/L.

Variables

The primary outcome was the percentage (%) of GV, TIR, 
TAR and TBR for 7 days before and after COVID-19 vaccina-
tion. Data for those metrics were also extracted for weeks -2 
and +2 to evaluate the interstitial glucose stability in the period 
before and the speed of return to pre-vaccination control, after 
the main measurement period.

Variables that might have an impact on the results were 
also taken from the patient records. These included age, sex, 
HbA1c level, fasting blood sugar (FBS), type and dose of vac-
cine given, medication, duration with diabetes and body mass 
index (BMI). For continuous indicators, the participants were 
split into two groups across the median value of each variable. 
Information concerning the date of vaccination was obtained 
from the patient’s general practice record.

Statistical analysis

Analysis was performed using PSPP (version 1.6.2-g78a33a). 
Data were demonstrated by mean and standard deviation (SD) 
or number and percentage for numerical and categorical vari-
ables, respectively. Wilcoxon signed-rank test for the outcome 
measures compared results in week +1 against -1 and weeks 
+2 against -2.

The median of the selected indicators was then calculated 
for the total cohort and split into two classes for each poten-
tial factor. Wilcoxon signed-rank test was repeated for the out-
come measures for each subgroup.

Multiple regression modelling was carried out with the 
change in the proportion of interstitial glucose results in the 
TIR, TAR, TBR and GV as the dependent variables. A P-value 
of ≤ 0.05 was considered statistically significant.

Results

Demographic and clinical characteristics

A total of 194 patients with T1DM on FGM were screened 
and 44 patients were included as the remaining were excluded 
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due to insufficient FGM and vaccine data. The mean age of 
the participants was 28.89 ± 10.28 years. Female participants 
were more in our sample (73.6%). The mean duration of DM 
was 11.63 ± 8.68 years and mean BMI was 26.88 ± 6.4 kg/
m2. The total number of COVID-19 vaccines included in the 
analysis was 72 and Pfizer vaccine was mostly used in our 
study population (86.1%). The mean HbA1c before vaccine 
was 9.02±1.92% and mean fasting blood glucose was 11.79 ± 
5.17 mmol/L. All patients were using multiple daily insulin in-

jection (MDI) therapy 13.9% of them were on metformin and 
2.8% were on semaglutide as adjunctive treatment (Table 1).

Outcomes

There was no significant change in the glycemic profile (TIR, 
TAR, TBR and GV) acutely after COVID-19 vaccine (Fig. 1). 
However, in subgroup analysis, we found that in patients older 
than 28 years, TIR reduced significantly comparing 1 week 
before and 1 week after vaccine (Z = -2.92, P = 0.003) and 2 
weeks before and 2 weeks after vaccine (Z = -2.17, P = 0.03) 
with significant increase in TAR 1 week after vaccine com-
pared to 1 week before (Z = -2.02, P = 0.043). Moreover, there 
was a significant reduction in TBR comparing 1 week before 
and 1 week after vaccine (Z = -2.75, P= 0.006) and 2 weeks 
before and 2 weeks after vaccine (Z = -2.14, P = 0.032) in 
those who were younger than 29 years old. Categorizing pa-
tients according to DM duration, the vaccine associated with 
a reduction in TIR 1 week after the vaccine compared to 1 
week before (Z = -2.68, P = 0.007), a reduction in TIR 2 weeks 
after the vaccine compared to 2 weeks before (Z = -2.5, P = 
0.012), an increment in TAR 1 week after vaccine compared 
to 1 week before (Z = -2.27, P = 0.023) and an increment in 
TAR 2 weeks after vaccine compared to 2 weeks before (Z 
= -2.12, P = 0.034) in those who had longer duration of DM 
(more than 10.5 years). However, for those with shorter dura-
tion of DM, TBR reduced significantly 1 week after vaccine 
compared to 1 week before (Z = -2.08, P = 0.037). Also, we 
found that patients with better control of diabetes at baseline 
(HbA1c ≤ 8.55% before vaccine) taking the vaccine associated 
with a reduction in TIR and an increase in TAR acutely. How-
ever, when categorizing the patients according to gender, BMI, 
vaccine type and vaccine dose, there was no acute effect of the 
vaccine on glycemic profile (Table 2).

Multiple regression analysis

Multivariate linear regression analysis indicated that lower 
HbA1c before vaccine was independently associated with a 
reduction in TIR (standardized beta 0.33, P = 0.029) and an 
increase in TAR (standardized beta -0.4, P = 0.005) 2 weeks 
after vaccine. The model included the independent variables of 
age, BMI, duration of DM, the dose and type of vaccine, which 
had no significant effect on the outcomes (Table 3).

Discussion

In our study population, we did not find an acute effect of the 
COVID-19 vaccine on the glycemic profile using interstitial 
glucose monitoring parameters (TIR, TAR, TBR and GV). 
However, after subgroup analysis, in patients above 28 years 
old and those with longer duration and better control of DM, 
there was a significant reduction in TIR and an increase in 
TAR acutely after receiving the COVID-19 vaccine. In con-
trast, there was a reduction in TBR in those who were younger 

Table 1.  Demographic and Clinical Characteristics of the Study 
Population

Parameters Mean ± SD or N (%)
Total number of patients 44
Age (years) 28.89 ± 10.28
Sex
  Male 19 (26.40%)
  Female 53 (73.6%)
Duration of diabetes (years) 11.63 ± 8.68
BMI (kg/m2) 26.88 ± 6.4
Total number of COVID-19 vaccine 72
Vaccine doses
  First dose 22 (30.6%)
  Second dose 22 (30.6%)
  Third dose 28 (38.9%)
Vaccine types
  AstraZeneca 3 (4.2%)
  Moderna 7 (9.7%)
  Pfizer 62 (86.1%)
HbA1c before vaccine (%) 9.02 ± 1.92
Fasting blood glucose before 
vaccine (mmol/L)

11.79 ± 5.17

Medication before vaccine
  Metformin 10 (13.9%)
  Semaglutide 2 (2.8%)
  Aspart 72 (100%)
  Glargine 100 66 (91.7%)
  Glargine 300 2 (2.8%)
  Degludec 2 (2.8%)
  Detemir 2 (2.8%)
Insulin doses (units)
  Aspart 29.1 ± 13.82
  Glargine100 21.74 ± 13.82
  Glargine 300 16.5 ± 0.71
  Degludec 39 ± 1.41
  Detemir 17

BMI: body mass index; COVID-19: coronavirus disease 2019; HbA1c: 
glycated hemoglobin; SD: standard deviation.
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and had a shorter duration of DM.
The change in the proportion of previous interstitial glu-

cose parameters persisted into the second week after vaccina-
tion.

There was no change in GV after the COVID-19 vaccine 
in those who had a reduction in TIR and TBR and an increase 
in TAR, suggesting that there was a shift upward in interstitial 
glucose levels, instead of variability changes.

PRO-VACS study and a substudy of the COVAC-DM 

study reported no relevant acute negative effect of COVID-19 
vaccination on glycemic control in patients with T1DM which 
was similar to our results [15, 16]. Moreover, two studies in 
children and adolescents with T1DM reported no immediate 
effect of the vaccine on TIR [17, 18]. However, Heald et al 
found an incremental change in interstitial glucose levels for 
patients with T1DM with a reduction in TIR 1 week after vac-
cination in 58% of them [9]. Furthermore, a study done on 
the Arab population with T1DM found a temporary intersti-

Figure 1. (a) Glycemic profile (time in range, time above range and time below range) changes in response to COVID-19 vac-
cination. (b) Glycemic variability changes in response to COVID-19 vaccination. COVID-19: coronavirus disease 2019; TAR: time 
above range; TBR: time below range; TIR: time in range.
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tial glucose disturbance after viral vector vaccines [19]. The 
population in those studies was older with longer duration and 
better control of DM which could explain the difference in the 
outcome measures compared to our study.

Furthermore, when categorized as higher or lower HbA1c 
(by median HbA1c), Heald et al found a significant reduction in 
TIR in those in the lower HbA1c group vs. no change for partici-
pants in the higher HbA1c group (P = 0.007) [9]. Similarly, Al-
Ozairi et al reported a significant reduction in TIR in the group 
with HbA1c less than 7% compared with the higher HbA1c 
group [19]. This conclusion was also confirmed by our study.

Heald et al reported no significant difference in the change 
in glycemic profile after vaccination by age (split by median 
age of 44 years), and duration of diabetes (split by median du-
ration of 17 years) which was against our results [9]. Again, 
this could be due to older age and longer duration of DM of his 
study population.

The finding that those with lower HbA1c had a significant 
acute change in TIR and TAR after the COVID-19 vaccine 
may indicate that those patients are more sensitive to the effect 
of the vaccine on the glycemic profile parameters as they had 
more percentage of interstitial glucose in the target range, so 
they had more to lose. Furthermore, those who were older and 
had a longer duration of DM had a higher percentage of TIR 
(above 50%) (data not shown) which also could demonstrate 
the acute changes in those groups’ glycemic profile.

Many published cases are reporting the induction of se-
vere hyperglycemia crises including DKA and HHS after 
COVID-19 vaccination even in those who do not have a his-
tory of diabetes [10, 20]. The possible link between the vac-
cine and the resultant hyperglycemia is still unclear. One of 
the possible mechanisms is the inflammatory response to the 
vaccine by increasing cytokines such as interleukin (IL)-1, 
IL-6, interferon (IFN)-γ, and tumor necrosis factor (TNF)-α 
which contribute to the abnormal glucose and lipid metabo-
lism and culminate in the pancreatic endocrine system dam-
age. Moreover, the stimulation of the immune system leads 
to stress response increasing the counterregulatory hormones 
like cortisol, growth hormone and glucagon [10, 20, 21]. It is 
proposed that the trigger of the inflammatory response in the 
mRNA vaccines is the SARS-CoV-2 spike protein and in the 
viral vector-based vaccine is the adenoviral vector [7]. Vacci-
nation-induced immune response varies in degree within and 
between individuals affected by many factors which could be 
within the vaccine such as the type of adjuvant or the host like 
the immune response gene which could explain the difference 
in the results between the studies [8].

There was no evidence of any other factor than the vac-
cination which could affect the glycemic profile such as in-
ter-current illness, minor operation or other events that would 
significantly influence interstitial glucose levels. However, 
we did not evaluate the post-vaccination side effects which 
showed in a previous study those with higher side effect scores 
spent significantly less TIR on days after the vaccine [16].

Heald et al studied only those who received the first dose 
of the vaccine and divided equally on both Pfizer and Astra-
Zeneca vaccines and found similar outcomes in both vaccines 
[9]. In contrast, Al-Ozairi et al analyzed the two doses of vac-
cine and both viral vector and mRNA-based vaccines and con-Ta
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Table 3.  Results of Multiple Regression Analysis for Variables Predicting Changes in Glycemic Parameters After COVID-19 Vac-
cination

Model
Unstandardized coefficients Standardized coefficients

B Std. error Beta t Sig.
TIR 1 week difference
  Age 0 0.16 -0.01 -0.03 0.975
  DM duration -0.03 0.23 -0.02 -0.11 0.914
  HbA1c before vaccine -0.56 0.77 -0.11 -0.73 0.469
  BMI before vaccine -0.06 0.24 -0.04 -0.25 0.805
  Gender 1.2 4.04 0.05 0.3 0.768
  Vaccine dose -3 1.92 -0.25 -1.56 0.126
  Vaccine type 2.37 2.91 0.13 0.82 0.419
TIR 2 weeks difference
  Age -0.03 0.13 -0.04 -0.25 0.801
  DM duration -0.19 0.19 -0.17 -1 0.322
  HbA1c before vaccine 1.43 0.63 0.33 2.27 0.029a

  BMI before vaccine 0.12 0.2 0.09 0.59 0.561
  Gender 4.2 3.3 0.21 1.27 0.21
  Vaccine dose 0.16 1.57 0.02 0.1 0.92
  Vaccine type 0.07 2.37 0 0.03 0.977
TAR 1 week difference
  Age -0.12 0.16 -0.13 -0.74 0.461
  DM duration 0.1 0.24 0.07 0.4 0.688
  HbA1c before vaccine -0.09 0.79 -0.02 -0.11 0.909
  BMI before vaccine 0.01 0.25 0.01 0.04 0.965
  Gender 0.48 4.14 0.02 0.12 0.908
  Vaccine dose 1.88 1.97 0.15 0.95 0.347
TAR 2 weeks difference
  Age -0.09 0.13 -0.1 -0.65 0.522
  DM duration 0.27 0.2 0.21 1.34 0.186
  HbA1c before vaccine -1.92 0.66 -0.4 -2.93 0.005a

  BMI before vaccine -0.16 0.21 -0.11 -0.78 0.439
  Gender -6.39 3.44 -0.3 -1.86 0.07
  Vaccine dose -0.74 1.64 -0.07 -0.45 0.654
  Vaccine type 0.69 2.47 0.04 0.28 0.782
TBR 1 week difference
  Age -0.12 0.16 -0.13 -0.74 0.461
  DM duration 0.1 0.24 0.07 0.4 0.688
  HbA1c before vaccine -0.09 0.79 -0.02 -0.11 0.909
  BMI before vaccine 0.01 0.25 0.01 0.04 0.965
  Gender 0.48 4.14 0.02 0.12 0.908
  Vaccine dose 1.88 1.97 0.15 0.95 0.347
  Vaccine type -3.16 2.98 -0.17 -1.06 0.295
TBR 2 weeks difference
  Age 0.17 0.09 0.3 1.81 0.077
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cluded that only those who received the first dose of viral vec-
tor vaccines had a significant acute effect on TIR [19]. In our 
study, we included the three doses and three types of vaccines 
(Pfizer, AstraZeneca and Moderna) and there was no signifi-
cant effect on glycemic profile after subgroup analysis.

HbA1c level was the only independent factor which was 
associated positively with TIR and negatively with TAR after 
the vaccine in a multivariate linear regression analysis which 
was confirmed by a previous study [9].

Strengths and limitations

We analyzed in our study the glycemic profile parameters from 
those who had more than 70% usage of the freestyle Libre over 
4 weeks which could strengthen the study. Also, we included 
all three types and three doses of the vaccine in the analysis.

The retrospective design of the study and the few number 
of participants from only one center could be a limitation of 
our study. One of the limitations also is that we did not quan-
tify the modification of insulin doses done after vaccination 

which could mask the hyperglycemia induced by the vaccine. 
Moreover, we did not have any inflammatory markers meas-
urement pre- and post-vaccination to evaluate the link between 
the vaccine and the glycemic profile changes.

Conclusion

There was no acute effect of the COVID-19 vaccine on the 
glycemic profile in a group of patients with T1DM. However, 
there was a transient shift upward in interstitial glucose levels 
in those people older than 28 years old and have longer dura-
tion of DM with lesser HbA1c. This could raise the impor-
tance of educating people with T1DM about the possibility of 
temporary perturbation of blood glucose post-vaccination and 
about insulin dose adjustment and better management.
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Model
Unstandardized coefficients Standardized coefficients

B Std. error Beta t Sig.
  DM duration -0.08 0.14 -0.11 -0.62 0.542
  HbA1c before vaccine 0.55 0.45 0.18 1.23 0.227
  BMI before vaccine -0.09 0.14 -0.1 -0.64 0.527
  Gender 1.82 2.36 0.13 0.77 0.445
  Vaccine dose -0.23 1.12 -0.03 -0.2 0.839
  Vaccine type -0.83 1.7 -0.08 -0.49 0.625
GV 1 week difference
  Age -0.12 0.11 -0.17 -1.02 0.313
  DM duration -0.01 0.17 -0.01 -0.03 0.975
  HbA1c before vaccine -0.54 0.56 -0.15 -0.97 0.337
  BMI before vaccine -0.11 0.17 -0.1 -0.62 0.538
  Gender -2.33 2.92 -0.14 -0.8 0.43
  Vaccine dose -1.01 1.39 -0.11 -0.73 0.472
  Vaccine type 1.77 2.1 0.13 0.84 0.405
GV 2 weeks difference
  Age 0 0.09 0 -0.03 0.979
  DM duration -0.08 0.13 -0.11 -0.64 0.525
  HbA1c before vaccine 0.66 0.43 0.23 1.55 0.128
  BMI before vaccine -0.06 0.13 -0.07 -0.43 0.668
  Gender 2.58 2.23 0.2 1.16 0.254
  Vaccine dose 0.08 1.06 0.01 0.08 0.94
  Vaccine type 0.82 1.61 0.08 0.51 0.614

aP ≤ 0.05. BMI: body mass index; DM: diabetes mellitus; GV: glycemic variability; HbA1c: glycated hemoglobin; TAR: time above range; TBR: time 
below range; TIR: time in range.

Table 3.  Results of Multiple Regression Analysis for Variables Predicting Changes in Glycemic Parameters After COVID-19 Vac-
cination - (continued)
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