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Abstract: Aims: To evaluate the metabolic and clinical outcomes in the Spanish type 1 diabetes
mellitus (T1D) population before and after COVID-19 vaccination. Methods: A retrospective obser-
vational study was carried out in Spanish public hospitals previously enrolled in the SED1 study.
Adults and children with T1D were included and their clinical electronic records were reviewed.
Clinical, laboratory, and glucometric parameters from continuous glucose monitoring (CGM) data
corresponding to the periods before and after administering the first COVID-19 vaccination were ana-
lyzed. Results: A total of 26 centers and 228 patients participated in this new phase of the SED1 study
and 187 were finally evaluable (mean age 37.5 &= 15.6 years, 56.7% women). Overall, 94.6% of the sam-
ple was vaccinated, and this percentage increased with higher levels of education (p-value = 0.027).
In the pre- and post-vaccination periods, respectively, the number of patients with acute hyper-
glycemic decompensation was 6/161 (3.7%) and 7/161 (4.3%) (p = 1) and with acute hypoglycemic
decompensation was 6/161 (3.7%) and 6/161 (3.7%) (p = 1). The HbAlc level was lower in the
post-vaccination period(mean + SD, mg/dL): pre-vaccination 7.4 £ 0.9; post-vaccination 7.2 £ 1.0,
(—0.19; p-value = 0.0006). A total of 31.9% of patients (95% CI: 24.7-39.7) in the pre-vaccination
period and 45.0% (IC95%: 37.1-53.1) in the post-vaccine period had HbAlc < 7% (p-value < 0.001).
Glucometrics from CGM data also showed numerical improvements post-vaccination. Conclusions:
The COVID-19 vaccination was highly accepted in the Spanish T1D population, with hesitancy about
the COVID-19 vaccine being higher in those with lower educational levels. A mildly better glycemic
control was observed in the post-vaccination period.

Keywords: type 1 diabetes; COVID-19; vaccination; glycemic control; continuous glucose monitoring;
diabetes complications

1. Introduction

Type 1 diabetes mellitus (T'1D) is an autoimmune disease against pancreatic beta-cells,
reducing insulin production [1]. According to recent studies, the prevalence and incidence
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of T1D are increasing worldwide [2]. A recently published meta-analysis reported that T1D
prevalence is 9.5 per 10,000 people [3].

Coronavirus type 2, causing Severe Acute Respiratory Syndrome (SARS-CoV-2) and
known as coronavirus disease 2019 (COVID-19), has greatly influenced the T1D population.
Diabetes is a prevalent comorbid condition in people affected by COVID-19, and it is
associated with a poor prognosis [4]. COVID-19 infection obviously can affect glycemic
control [5] and the lockdown after the COVID-19 outbreak affected the daily lives of the
T1D population [6-8].

However, scarce data are available about the impact of COVID-19 vaccination on
glycemic control and clinical endpoints in this population. A very recent study retrospec-
tively reviewed data on vaccine safety in 72 T1D subjects and showed a similar risk of
injection site pain, minor and major vaccine adverse events, as well as associated hospital-
izations compared to healthy controls [9]. However, some articles reported a series of cases
of acute hyperglycemia after receiving COVID-19 vaccines [10,11].

Moreover, during the COVID-19 post-vaccination period, many other factors could
have indirectly influenced the overall health outcomes of the T1D population. The progres-
sive normalization of daily life includes diet and exercise, work, or commuting changes.
Significantly, the emotional and psychosocial burden of the COVID-19 pandemic affected
the T1D population. Some studies showed an overall reduction in well-being during the
COVID-19 pandemic, which is associated with poorer metabolic control and higher use
of electronic media [12]. However, the post-vaccination period could positively affect
psychosocial well-being by reducing diabetes distress, ultimately improving the clinical
outcomes and metabolic control in this population.

Continuous glucose monitoring (CGM) devices allow for 24 h real-time measurement
of interstitial glucose levels. The large amount of data generated by CGM can be analyzed
and evaluated using a set of standardized parameters, collectively named glucometrics.
CGM glucometrics proved highly useful during the COVID-19 pandemic, as shown in
numerous studies that analyzed data during this period [13-15]. A few published studies
with different approaches addressed the COVID-19 vaccination impact on CGM data with
disparate conclusions [16-19].

This study aimed to evaluate clinical events, including hyper- and hypoglycemic
emergencies and laboratory and CGM glucometric changes, between the COVID-19 pre-
and post-vaccination periods in adults and children with T1D in a multicentric and repre-
sentative sample of the Spanish T1D population.

2. Materials and Methods
2.1. Study Design

The already-published SED1 study was a multicentric, cross-sectional, observational
study that included a representative sample of the T1D Spanish population treated at the
endocrinology specialist consultations of 75 public hospitals in Spain [20]. Patients had to
meet the following criteria: diagnosed with T1D, with a medical record at the site, with at
least two HbAlc values available at the study visit, and provided written informed consent.
Patients with a diagnosis of type 2 diabetes mellitus (T2D) and those with a history of
pancreas and/or islet cell transplantation were excluded. From this cross-sectional study
(baseline visit during the first semester of 2018), a historical cohort was constructed. During
the second semester of 2022, observational follow-up data were obtained directly from
the patients or their parents or from medical records pertaining to two periods pre- and
post-COVID 19 pandemic and uploaded to an online electronic form.

This study was conducted in accordance with the principles stated in the Declaration
of Helsinki. Approval for the study was granted by the Spanish Agency of Medicines and
Medical Devices (AEMPS) and the ethics committee of the Hospital General de Segovia
(Spain) (Comité de Eticadela Investigacion con medicamentos (CEIm) del Area de Salud
de Segovia), protocol code SED-1(SED-INS-2017-01), Review Board/Ethics Committee
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code: 17-024, 29 September 2021. All participants provided written informed consent before
enrolling in the study.

2.2. Endpoints

The primary endpoint was to describe the change in metabolic control (laboratory
hemoglobin Alc—HbAlc—and time in glucose range 70-180 mg/dL—TIR) after COVID-19
vaccination in T1D patients.

Other secondary endpoints included the change in overall glycemic control and
variability (glucometrics and CGM-derived variables), complications associated with T1D
(hyper- and hypoglycemic episodes), and COVID-19-related events before and after COVID-
19 vaccination.

2.3. Evaluated Variables

The evaluated variable used in this study include anthropometric variables (weight,
height, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure
(DBP), and heart rate), comorbidity and complications associated with T1D (acute hy-
perglycemic and hypoglycemic decompensations and hospitalizations related to T1D),
laboratory results (fasting plasma glucose, glycated hemoglobin Alc (HbAlc), creatinine,
total cholesterol, LDL and HDL, triglycerides, liver transaminases, autoimmunity mark-
ers, and thyroid-stimulating hormone (TSH)), treatment with basal and rapid insulin and
concomitant treatment, mortality and cause of mortality, COVID-19 -related variables
(COVID-19 infection, hospital admission for COVID-19, days of hospitalization for COVID-
19, ICU admission and number of days, and need for mechanical ventilation), vaccination
against COVID-19 (date and type of vaccine administered), and glucometrics and CGM-
derived variables obtained from subjects using the Freestyle Libre2 CGM sensor (daily
scans average, glucose average, coefficient of glucose variation (CV), standard deviation
of glucose levels (SD), % of time with glucose in range 70-180 mg/dL (TIR), % of time
with glucose below 70 mg/dL (TBR70), % of time with glucose below 54 mg/dL (TBR54),
events/day and duration average of hypoglycemic events with lower than 70 mg/dL, % of
time with glucose above 180 mg/dL (TAR180), % of time with glucose above 250 mg/dL
(TAR250), glucose management indicator (GMI)).

2.4. Statistical Analysis

Continuous variables include the number of patients with valid observations and
mean and standard deviation (SD), or median and first and third quartile (Q1-Q3) where
applicable. Categorical variables are described by number and proportion.

Differences between the periods (before and after vaccination) were examined using
the paired f-test for continuous variables and the McNemar’s test or exact binomial test for
qualitative variables.

The chi-squared test or Fisher’s exact test was used to compare qualitative variables
between patients with or without COVID-19 infection. The proportion of adequate diabetes
control and 95% confidence intervals (CI) were computed.

A p-value of <0.05 was considered statistically significant. Statistical analyses were
generated using Stata version 12 (Stata Corporation, College Station, TX, USA).

3. Results
3.1. Population

A total of 26 centers and 228 patients accepted to participate in this new phase of the
previous SED1 study [20] and 187 were finally evaluable.

Sociodemographic and clinical characteristics are described in Table 1. The mean age
was 37.5 £ 15.6 years, 56.7% were women, and 97.9% were Caucasian. Additionally, 70.5%
were non-smokers, and 62.0% did not consume alcohol. The mean time since diagnosis of
T1D was 17.8 & 12.7 years. Regarding family history, 35.4% had a family history of T2DM,
21.3% of T1D, and 17.7% of hypothyroidism. Likewise, 72.3% considered adherence to the
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diet to be good/very good. A total of 47.6% of the population with follow-up had some
comorbidity and/or complications associated with T1D, with retinopathy being the most
frequent (18.7%), followed by dyslipidemia (15.5%) and hypothyroidism (12.8%). Among
the patients, 82.6% had episodes of hypoglycemia in the month prior to the inclusion
visit. Regarding glycemic monitoring, 97.8% of the patients performed daily blood glucose
self-monitoring (BGSM), with an average frequency of 4.4 + 1.8 controls per day, and
30.6% of the patients followed used CGM. Regarding insulin treatment, the most frequent
method of insulin administration in the population with follow-up was bolus-basal (74.3%),
followed by continuous infusion pump (24.1%) and premixes (1.6%).

Table 1. Baseline sociodemographic and clinical characteristics of the study population.

n %

Number of patients 187
Age (years)

mean + SD 375+£15.6
Age Groups (Years)

0-13 17 9.1

14-17 7 3.7

18-25 21 11.2

26-49 102 54.5

>49 40 214
Gender, women 106 56.7
Level of education 179

No studies 2 1.1

Primary education 38 21.2

Secondary education 66 36.9

University studies or similar 67 374

Student 6 3.4
Weight (kg)

mean + SD 67.6 + 16.8
Height (cm) 186

mean + SD 164.6 +13.1
BMI (kg/m?) 186

mean + SD 246 +4.4
BMI grades (kg/ m?) 186

<185 15 8.1

18.5-24.9 94 50.5

25-26.9 29 15.6

27-29.9 24 129

>30 24 129
Time since diagnosis of TIDM
(years)

mean + SD 17.8 £12.7
Method of Insulin Administration

Basal-bolus 139 74.3

Premixed insulins 3 1.6

Continuous subcutaneous 45 241

insulin infusion (CSII)
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The sociodemographic and clinical characteristics of the population included in this
second phase of the SED1 study are not different from the original sample [20], nor from
those without follow-up (Supplementary Table S1).

3.2. COVID-19 Vaccination

A total of 94.6% of patients have been vaccinated against SARS-CoV-2. Of the total
number of vaccinated patients, about 18% had a reaction to the first dose of the vaccine,
and 6.7% reported that the first dose had an impact on glycemic control. The second dose of
the vaccine was administered to 94.2% of vaccinated patients. Comirnaty (Pfizer-BioNTech,
New York, NY, USA) was the most commonly administered vaccine, both in the first (75.4%)
and the second (74.3%) doses, followed by Spikevax (Moderna, Cambridge, MA, USA)
(13.6% and 17.4%, respectively). Among patients who received the second dose, 24.6%
had side effects after receiving the vaccine and 10.7% had an impact on glycemic control.
Overall, 73.2% of vaccinated patients received the booster dose. Of those, 55.8% received
Spikevax (Moderna) and 44.1% Comirnaty (Pfizer-BioNTech). In 11.2% of cases, patients
that perceived the booster shot had an impact on glycemic control.

The percentage of vaccinated people is higher among those with a higher level of
education (p-value = 0.027). The percentage of vaccination according to patient education
is 91.4% in individuals with primary education, 94.9% in those with secondary education,
and 98.3% in people with university studies.

3.3. COVID-19-Related Events

A total of 19.4% (95% CI: 13.5-26.4) were infected with COVID-19 before vaccination
and 42.5% (95% CI: 34.7-50.5) after being vaccinated (p-value < 0.001). Among the patients
who contracted the disease, two (6.45%) pre-vaccination and one (1.47%) post-vaccination
were hospitalized for COVID-19. Of the patients hospitalized for COVID-19, no pre-
vaccination and the one post-vaccination were admitted to the ICU and required mechanical
ventilation. One death (0.53%) occurred in the pre-vaccination period and one (0.55%) in
the post-vaccination period.

3.4. Comorbidity and Complications Associated with T1D

Differences in acute decompensation cumulative incidence among those with or
without COVID-19 infection did not reach statistical significance: acute hyperglycemic
decompensation, 3/71 (4.2%) and 7/85 (8.2%), respectively (p = 0.348); acute hypoglycemic
decompensation, 3/71 (4.23%) and 6/85 (7.1%), respectively (p = 0.511). Regarding
the pre- and post-vaccination periods, the acute decompensation cumulative incidence
was as follows: acute hyperglycemic decompensation, 6/161 (3.7%) and 7/161 (4.3%)
(p = 1), respectively; acute hypoglycemic decompensation, 6/161 (3.7%) and 6/161 (3.7%)
(p = 1), respectively.

There is no change in cases of acute decompensation, both hyperglycemic and hypo-
glycemic, between the pre-vaccine period and the post-vaccine period (Table 2).

Regarding the vaccine type and acute decompensation frequency, Table 3 describes
the relative frequency of the clinical events with two main vaccines used.

3.5. HbAlc before and after Vaccination

The HbAlc level was reduced after vaccination (mean =+ SD, mg/dL): pre-vaccination
7.42 £ 0.96%; post-vaccination 7.23 £ 1.03%, (—0.19; p-value = 0.0006). There was a
statistically significant difference in the proportion of patients who have adequate control
of T1D (HbA1lc < 7%) before and after vaccination: 31.9% of patients (95% CI: 24.7-39.7)
in the pre-vaccination period and 45.0% (IC95%: 37.1-53.1) in the post-vaccine period
(p-value < 0.001).
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Table 2. Variables related to T1D decompensations and mortality before and after vaccination.

Pre-Vaccination Post-Vaccination
p-Value *
n % n %
Acute hyperglycemic decompensation 6/161 3.7 7/161 4.3 1
Acute hypoglycemic decompensation 6/161 3.7 6/161 3.7 1
Number of cases of acute hypoglycemic 6 23414 6 13408
decompensation, mean £ SD
1 1 16.6 5 83.3
2 4 66.7 0 0.0
3 0 0.0 1 16.7
5 1 16.7 0 0.0
6 0 0.0 0 0.0
Mortality 1/187 0.53 1/181 0.55
* Binomial test.
Table 3. Acute T1D decompensations depending on the vaccine used.
Pre-Vaccination Post-Vaccination Total
n % n % n %
Comirnaty
Acute hyperglycemic decompensation 6/116 5.2 43 8/116 6.9 1.0
Acute hypoglycemic decompensation 5/116 43 6/116 5.2 8/116 6.9
Spikevax
Acute hyperglycemic decompensation 0/21 0.0 1/21 4.8 1/21 4.8
Acute hypoglycemic decompensation 0/21 0.0 0/21 0.0 0/21 0.0
3.6. Glucometrics and CGM-Derived Variables before and after Vaccination
No statistically significant differences were observed in the comparison of glucometrics
and variables derived from CGM at each of the evaluation moments (Table 4). A numerical
improvement is observed in many CGM-derived variables in the post-vaccine period,
without reaching statistical significance. It is necessary to bear in mind that the same
number of patients is not available for all variables due to lack of information.
Table 4. CGM metrics before and after vaccination.
Pre-Vaccination  Post-Vaccination p-Value *
Average daily scans (n = 85) 99 +56 10.3 £ 6.6 0.314
Mean glucose (n = 113) 158.6 + 31.7 156.2 + 32.9 0.200
Coefficient of glycemic variation (CV) (n = 110) 373+ 64 36.3 + 6.8 0.096
Time in glucose range 70-180 mg/dL (TIR) (%) (n = 117) 62.8 £ 16.6 644 +172 0.192
Time with glucose below 70 mg/dL (TBR70) (%) (n = 114) 48+ 4.6 43+ 3.8 0.247
Time with glucose below range 54 mg/dL (TBR54) (%) (n = 112) 1.0+ 3.3 1.0+ 3.6 0.900
Number of events of glucose below 70 mg/dL (n = 83) 8070 7670 0.549
Average duration of hypoglycemic events below 70 mg/dL (min) (n = 83) 66.8 + 48.6 68.2 + 58.5 0.799
Time with glucose above 180 mg/dL (TAR180) (%) (n = 107) 21.6 £9.9 20.6 £ 9.1 0.188
Time with glucose above 250 mg/dL (TAR250) (%) (n = 107) 10.3 £11.5 10.2 £11.7 0.970
Glucose management indicator (GMI) (%) (n = 106) 72+08 71+0.8 0.257

Data are expressed in mean =+ SD. * T-test for paired samples.
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4. Discussion

Patients with T1D are at a high risk of poorer outcomes during COVID-19 infec-
tion [4]. Infection itself can cause hyperglycemia, including acute hyperglycemic emer-
gencies [21,22]. Interestingly, several studies have shown that glycemic control in the
overall T1D population improved during the lockdown [8,13]. One possible reason for this
improvement could be a positive impact of COVID-19 vaccination. However, previous
studies using CGM data showed an immediate impairment in glycemic control after the
first or booster vaccination [16-18,23]. An observational, unicentric, retrospective study
reported an absence of unexpected patterns of adverse events, and difference, in glucose
in the subgroup of patients sharing CGM data after receiving the mRNA-1273 (Moderna)
vaccine [16]. Another retrospective analysis of 96 adults with T1D examined the CGM data
in the periods immediately before and after their first COVID-19 vaccination [17]. A total of
30% of individuals experienced a decrease in time within range of over 10%. Only a slight
deterioration in immediate glycemic control was obtained in another retrospective study
using CGM before and after the first and second dose of the COVID-19 vaccine in Arabic
people with T1D [18]. Moreover, a prospective pilot study of adults with T1D evaluated
changes in CGM glucometrics after a COVID-19 booster vaccine, suggesting transient mild
glycemic elevations after it [19].

However, many factors apart from the direct effect of vaccines could affect the evo-
lution of the clinical and metabolic situation of the T1D population throughout the post-
vaccination period. Nutritional and physical activity patterns changed after progressive
daily life normalization after lockdown. Additionally, the psychological burden caused
by the COVID-19 pandemic increased the diabetes distress in the T1D population. One
study among adults with type 1 diabetes in the US in 2021 showed that 41.2% experienced
moderate diabetes distress and 19.1% experienced high diabetes distress [24]. Another
German study observed an overall well-being reduction during the COVID-19 pandemic,
associated with poorer metabolic control and higher use of electronic media [12]. However,
psychological relief after vaccination could be expected. Our results point to a possible ben-
eficial influence of COVID-19 vaccination in the meantime in the overall T1D population. A
possible explanation for the discrepancy with the previous studies looking at the immediate
effect of COVID-19 vaccines on glycemic control could be that the CGM and laboratory data
were analyzed some time after vaccination. An immediate deterioration in glycemic control
in the first days after vaccination can be followed by an overall metabolic improvement due
to the reduction in the clinical impact of subsequent COVID-19 infections. Additionally, it
is not possible to measure all the factors influencing clinical and glycemic outcomes in this
population, and it limits the association conclusions in our study. It cannot be ruled out
that the differences in the degree of control are due to changes in several variables such as
diet or physical exercise since there is no information available to adjust for these factors.

Our results showed a mild HbAlc level reduction reaching statistical significance.
However, the CGM-derived glucometrics, particularly the GMI, did not reach statistical
significance between both periods. The first issue to point out is that laboratory HBA1lc
and GMI variables are not always and completely superimposable, even in the same
individual [25]. Additionally, the sample with laboratory data and the one with CGM
data are not the same due to missing CGM data from some subjects. A comparison of the
mean values of GMI was evaluated for 106 subjects, the number of individuals who had
information on this index in both periods (pre-vaccination and post-vaccination). However,
the differences in mean HbAlc values between the periods were evaluated considering
160 cases (the number who had HbAlc values collected in both periods). Finally, the
limited size of the sample probably hinders the attainment of statistical significance for this
association in the CGM glucometrics, despite previous results published using CGM to
study the effects of the COVID-19 lockdown [13].

The high acceptance of COVID-19 vaccination within the Spanish T1D population is
noteworthy. The COVID-19 vaccination was widely embraced among the general Spanish
population, with an acceptance rate of 84.5% in May 2021, as reported in a similar age
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group survey [26]. The nearly universal public health system was key to the great success
of the campaign in the general population and, probably, also in the T1D population. Our
acceptance data of 94.6% are even better than that of the general population and higher
than that observed in other nearby T1D populations. For instance, hesitancy about the
COVID-19 vaccine was reported at 13% in a survey of people with T1D in Italy [27].

The limitations of our study include the retrospective design and the limited sample
size. The difficult circumstances presented during the COVID-19 pandemic, especially
for healthcare providers, were a barrier to finally reaching and obtaining all the expected
professionals and data. However, the effort to collect data describing the underexplored
post-vaccination period outcomes in the T1D population, amidst the exceptionally unusual
social situation of the pandemic, should be considered. Despite the fact that the finally
evaluable sample was reduced from that originally described in the SED1 study, the
sociodemographic and clinical characteristics of the population included in this second
phase are not different from the original sample [20], nor from those without follow-up.
The availability of CGM data is another study strength.

5. Conclusions

In conclusion, the first COVID-19 vaccine was widely accepted among the Spanish
T1D population. The COVID-19 vaccine acceptance rate was higher in patients with higher
educational levels. It appears to have produced a mild improvement in metabolic control
during the post-COVID-19 vaccination period in the Spanish T1D people.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm13071922/s1. Table S1. Baseline sociodemographic and
clinical characteristics of the population without follow-up after the first SED1 study phase.
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