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Abstract Background and aims: Vaccine Hesitancy (VH) is a relevant obstacle for the COVID-19
vaccination campaign. The aim of this study is to assess the proportion of subjects unwilling to
vaccinate among patients with type 1 (T1DM) and 2 (T2DM) diabetes, exploring factors associ-
ated with VH.
Methods and results: A purposely created interview was delivered from physicians to a consecu-
tive series of adult (>18 years) subjects with diabetes referring to the Diabetes Outpatient Clinic
of Careggi Hospital, Florence, from January 1st to April 30th 2021. Out of 502 subjects enrolled,
92 were vaccine hesitant respondents (18.3%); the corresponding figure for T1DM and T2DM was
13.0% (NZ 14), and 19.9% (NZ 78), respectively. After adjusting for age, higher HbA1c (1.07 [1.02
e1.13], p Z 0.008) and triglycerides levels (1.03 [1.01e1.06], p Z 0.011) were positively associ-
ated with VH, among patients with T1DM. At multivariate analysis, after adjusting for age, creat-
inine, and statin use, patients with T2DM affected by obesity (9.98 [4.89e9.59], p < 0.01) and
with lower levels of creatinine (0.36 [0.21e0.54], p Z 0.029) were more likely to refuse COVID
vaccination.
Conclusions: Hesitancy toward COVID-19 vaccination among subjects with diabetes is not negli-
gible and seems to be more prevalent in individuals with lower adherence to medical prescrip-
tions and/or reduced concerns over their health. This suggests the need for specific interventions
to increase awareness and counter prejudices on vaccines.
ª 2021 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian
Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
Introduction

The Italian COVID-19 vaccination campaign, started on
December 2020 and aimed at covering the entire popula-
tion aged >16 years [1], uses two m-RNA (Comirnaty�,
ienda Ospedaliero-Universitaria
e, Italy.
fi.it (M. Monami).

, the Italian Society for the Study of Athe
ublished by Elsevier B.V. All rights reserve
Pfizer/BioNTech, and mRNA-1273, Moderna) and two DNA
(Vaxzevria�, AstraZeneca, and Ad26.COV2.S, J&J) vaccines
[2e5]. The first available doses were used to immunize
health professionals and nursing home residents. The
second phase of the campaign targeted high-risk cate-
gories [6], including part of patients with diabetes [7].
Priority in vaccination was established for subjects with
type 1 diabetes, and those with type 2 diabetes treated
with at least two drugs [8]. In fact, diabetes is associated
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with an increased risk of infection from SARS-CoV-2 [9]
and poorer outcomes [9,10].

Vaccine Hesitancy [11] (VH) is a relevant obstacle for
the vaccination campaign. Available surveys worldwide
report a prevalence of VH for COVID-19 ranging from 14 to
38% [12e15]. To our knowledge, only one study on VH in
patients with type 2 diabetes in Italy has been published
so far, reporting the results of online-delivered (Facebook)
self-administered questionnaire [16].

The aim of this study, performed on a clinical-based
sample, is to assess the proportion of subjects unwilling to
vaccinate among patients with type 1 and 2 diabetes,
exploring factors associated with VH.

Methods

Data were collected using a purposely created interview,
delivered from physicians to a consecutive series of adult
(>18 years) subjects with diabetes referring to the Dia-
betes Outpatient Clinic of Careggi Hospital, Florence, from
January 1st to April 30th, 2021, who provided their
informed consent. Patients not fluent in Italian and inca-
pable of answering because of concurrent conditions (e.g.,
dementia) were excluded.

The survey collected demographic and anamnestic pa-
rameters and the intention to COVID-19 vaccination (see
Supplementary Materials). Further clinical parameters
were retrieved from clinical records.

Subjects were considered as vaccination hesitant, if
they were unsure, somewhat, or extremely unlikely to get
vaccinated, those with certified contraindications were
excluded from the analysis.

Analyses were performed separately in Type 1 (T1DM)
and Type 2 (T2DM) diabetes. Two-tailed T-tests and chi-
square tests were used for assessing between-group dif-
ferences for continuous and categorial variables, respec-
tively. All variables significantly (p < 0.05) associated with
VH were adjusted for age. Furthermore, a multivariate lo-
gistic regression analysis was performed, with VH as an
outcome, and age, and patients’ characteristics signifi-
cantly associated with VH at univariate analysis as cova-
riates. All analyses were performed using IBM SPSS
Statistics 27.0.

The study protocol was approved by the local Ethical
Board of Florence (Ref. 19932_OSS).

Results

Of 538 patients invited, 36 of them (12 and 26 with type 1
and 2 diabetes, respectively) refused to participate. The
clinical characteristics of refusers did not differ signifi-
cantly from those of enrolled subjects (data not shown).

The sample consisted of 502 subjects, of whom 108
were affected by T1DM and 394 by T2DM. The proportion
of vaccine-hesitant respondents was 18.3% (N Z 92); the
corresponding figure for T1DM and T2DM was 13.0%
(N Z 14), and 19.9% (N Z 78), respectively (p Z 0.48 be-
tween groups). The principal characteristics of the two
samples were summarized in Table 1.
Among subjects with T1DM, vaccination hesitant re-
spondents had significantly lower BMI, and creatinine, and
higher HbA1c, total cholesterol, and triglycerides levels; in
addition, among hesitant subjects, a lower proportion of
individuals receiving statins and anti-hypertensive drugs
was observed (Table 1). After adjusting for age, higher
HbA1c (1.07 [1.02e1.13], p Z 0.008) and triglycerides
levels (1.03 [1.01e1.06], p Z 0.011) were positively asso-
ciated with VH, whereas patients treated with antihyper-
tensive drugs (0.12 [0.0e0.72], p Z 0.021) were likely to
get vaccinated.

In T2DM, VH was associated with obesity and presence
of malignancies; conversely, patients with renal failure and
statin therapy were more likely to get vaccinated. Lower
creatinine levels and higher BMI were also associated with
VH. After adjusting for age, creatinine (0.49 [0.24e0.99],
p Z 0.048), BMI (1.17 [1.10e1.24], p < 0.01), obesity (1.07
[1.02e1.13], p < 0.01), malignancies (2.21 [1.01e4.97],
p Z 0.049), and statin therapy (0.57 [0.34e0.97],
p Z 0.037) retained statistical significance. At multivariate
analysis, after adjusting for age, creatinine, and statin use,
patients affected by obesity (9.98 [4.89e9.59], p < 0.01)
and with lower levels of creatinine (0.36 [0.21e0.54],
p Z 0.029) were more likely to refuse COVID vaccination
(Fig. 1).

In a further analysis on the whole sample, including the
type of diabetes as a covariate together with age, sex, BMI,
HbA1c, creatinine, cholesterol, and triglyceride, only BMI
(kg/m2) and creatinine (mg/dl) were significantly associ-
ated with hesitancy (1.17[1.08e1.26], p < 0.001, and 0.30
[0.10e0.94], p Z 0.04, respectively).

Discussion

The proportion of hesitant subjects among people with
diabetes is not negligible, even though diabetes is a well-
known risk factor for severe COVID-19 [9,10,17]. The results
obtained are similar to those of a previous survey [16],
collecting data from volunteers using a web-based self-
reported questionnaire. In the present study, data were
collected using an interview, thus reducing the chance of
misunderstandings; on the other hand, the administration
of the interview was performed by physicians recom-
mending vaccination, possibly affecting patients’ answers.
In addition, the present study was performed on a
consecutive series of patients, avoiding the biases related
to self-selection typical of voluntary web-based surveys;
however, the sample was composed only of patients
referred to a single Clinic, unrepresentative of the general
population with diabetes. Despite those differences, the
present study and the previous survey [16] provided
similar results, confirming the validity of the estimate of
the prevalence of VH.

The exploration of determinants of VH is useful for
designing specific interventions. VH was associated with
poor glucose and lipid control in T1DM, and with obesity
in T2DM, suggesting that hesitancy could be more preva-
lent in individuals with lower adherence to medical pre-
scriptions and/or reduced concerns over their health [18].



Table 1 Predictors of coronavirus vaccine uptake intention in the two samples.

Characteristics Type 1 diabetes p Type 2 diabetes p

Likely to Get Vaccinated Likely to Get Vaccinated

Yes (n Z 94) Noa (n Z 14) Yes (n Z 316) No (n Z 78)

Age (years) 53.3 � 19.3 48.9 � 20.9 0.46 71.3 � 11.7 68.7 � 10.5 0.061
Diabetes duration (years) 27.1 � 16.3 22.0 � 17.4 0.35 18.6 � 12.8 16.0 � 8.6 0.11
Gender (female) 36 (38.3) 4 (28.6) 0.48 214 (67.7) 48 (61.5) 0.30
Education status (n, %)
Less than middle school 4 (4.3) 2 (14.3) 106 (33.5) 26 (33.3) 0.21
Middle school 12 (12.8) 4 (28.6) 88 (27.8) 14 (17.9)
High school diploma 50 (53.2) 6 (42.9) 76 (24.1) 26 (33.3)
University degree 28 (29.8) 2 (14.3) 0.13 46 (14.6) 12 (15.4)

Flu vaccination (2020/21) 72 (76.6) 12 (85.7) 0.44 212 (67.1) 52 (66.7) 0.94
Pneumoniae vaccination (yes) 34 (36.,2) 6 (42.9) 0.63 118 (37.3) 28 (35.9) 0.81
Diagnosis COVID-19 (yes) 4 (4.3) 0 (0.0) 0.43 16 (5.1) 4 (5.1) 0.98
Body mass index (kg/m2) 24.3 � 3.4 17.6 � 1.3 <0.01 27.2 � 5.6 32.5 � 4.3 <0.01
HbA1c (mmol/mol) 54.5 � 9.2 64.0 � 16.7 <0.01 60.0 � 13.1 58.3 � 14.1 0.50
Creatinine (mg/dL) 1.19 � 1.48 0.76 � 0.03 0.03 1.35 � 1.20 0.96 � 0.30 <0.01
Obesity (n, %) 8 (8.5) 0 (0.0) 0.26 64 (20.3) 48 (61.5) <0.01
Total cholesterol (mg/dL) 165 � 30 211 � 12 <0.01 163 � 41 161 � 44 0.74
HDL cholesterol (mg/dL) 62 � 18 57 � 16 0.48 50 � 13 46 � 17 0.09
Triglycerides (mg/dL) 86 � 33 151 � 54 <0.01 135 � 75 156 � 79 0.07
Medical history (n, %)
Hypertension 38 (40.4) 2 (14.3) 0.059 192 (60.8) 46 (60.5) 0.97
Coronary heart disease 6 (6.4) 0 (0.0) 0.33 96 (30.4) 22 (28.9) 0.81
Brain vascular disease 0 (0.0) 0 (0.0) e 30 (9.5) 8 (10.5) 0.78
Chronic kidney disease 14 (14.9) 0 (0.0) 0.12 112 (35.4) 18 (23.7) 0.049
Peripheral artery disease 8 (8.5) 2 (14.3) 0.49 106 (33.8) 20 (26.3) 0.21
Malignancies 6 (6.4) 0 (0.0) 28 (8.9) 16 (20.5)
Without metastasis 4 0 (0.0) 10 (3.2) 8 (10.5) 0.044
With metastasis 2 0 (0.0) 0.33 18 (5.7) 8 (10.5)

Cirrhosis 0 (0.0) 0 (0.0) e 4 (1.3) 0 (0.0) 0.32
Diabetic retinopathy 26 (27.7) 4 (28.6) 0.94 70 (22.2) 12 (15.8) 0.22
At least one DM complication 22 (23.4) 6 (42.9) 0.12 194 (61.4) 44 (57.9) 0.57

Therapy (n, %)
Statin 50 (53.2) 0 (0.0) <0.01 236 (74.7) 48 (61.5) 0.02
Antihypertensive 44 (46.8) 2 (14.3) 0.022 230 (72.8) 62 (79.5) 0.23
Antiplatelets/anticoagulants 24 (25.5) 4 (28.6) 0.81 154 (48.7) 32 (41.0) 022
Non-insulin glucose-lowering drugsa 20 (21.3) 2 (14.3) 0.16 316 (100.0) 78 (100.0) 0.34
Insulin 94 (100.0) 14 (100) e 128 (40.5) 32 (41) 0.93

Variables were expressed as mean� standard deviations, median [interquartiles]; proportions (%).
Bold is used for statistically significant values.
a Type 1 diabetes: Metformin 12 (11.1%), SGLT2i 10 (9.3%). Type 2 diabetes: Metformin 256 (65.0%), SGLT2i 88 (22.3%), GLP1RA 76 (19.3%), DPP4i

54 (13.7%), acarbose 12 (3.0%), pioglitazone 8 (2.0%), sulfonylureas 6 (1.5%).

Figure 1 Predictors of vaccine hesitancy among patients with type 2 diabetes in a multivariate logistic regression analysis.
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Obesity and poor glycaemic control are major de-
terminants of worse prognosis among patients with
COVID-19 [19]; as a consequence, those with the highest
risk of severe COVID-19 could be the least prone to
vaccination. Further features associated with VH may have
remained undetected in the present study, due to the
limited sample size. Interestingly, hesitancy toward the
COVID19 vaccine was not significantly associated with
hesitancy toward other vaccinations.

In conclusion, hesitancy toward COVID-19 vaccination
among subjects with diabetes in Italy is not negligible,
suggesting the need for specific interventions to increase
awareness and counter prejudices on vaccines.
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