
Article

Type 1 Diabetes Patients’ Practice, Knowledge and Attitudes
towards Influenza Immunization

Giulia Dallagiacoma 1, Agnese Allora 2, Stefano Salvati 2, Giulia Cocciolo 2, Michele Capraro 2 , Anna Lamberti 3,
Sabrina Senatore 3, Leandro Gentile 1, Vincenza Gianfredi 2 , Andrea Laurenzi 4, Chiara Molinari 4,
Amelia Caretto 4 , Marino Faccini 3, Carlo Signorelli 2 , Marina Scavini 4,† and Anna Odone 1,*,†

����������
�������

Citation: Dallagiacoma, G.; Allora,

A.; Salvati, S.; Cocciolo, G.; Capraro,

M.; Lamberti, A.; Senatore, S.; Gentile,

L.; Gianfredi, V.; Laurenzi, A.; et al.

Type 1 Diabetes Patients’ Practice,

Knowledge and Attitudes towards

Influenza Immunization. Vaccines

2021, 9, 707. https://doi.org/

10.3390/vaccines9070707

Academic Editor:

Giampiero Girolomoni

Received: 21 May 2021

Accepted: 24 June 2021

Published: 29 June 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Public Health, Experimental and Forensic Medicine, University of Pavia, 27100 Pavia, Italy;
giulia.dallagiacoma01@universitadipavia.it (G.D.); leandro.gentile01@universitadipavia.it (L.G.)

2 School of Medicine, Vita-Salute San Raffaele University, 20132 Milan, Italy; allora.agnese@hsr.it (A.A.);
salvati.stefano@hsr.it (S.S.); cocciolo.giulia@hsr.it (G.C.); Capraro.Michele@hsr.it (M.C.);
gianfredi.vincenza@hsr.it (V.G.); signorelli.carlo@hsr.it (C.S.)

3 Agency for Health Protection of Metropolitan Area of Milan (ATS), 20121 Milan, Italy;
alamberti@ats-milano.it (A.L.); Ssenatore@ats-milano.it (S.S.); MFaccini@ats-milano.it (M.F.)

4 Diabetes Research Institute, San Raffaele Hospital, 20132 Milan, Italy; laurenzi.andrea@hsr.it (A.L.);
molinari.chiara@hsr.it (C.M.); caretto.amelia@hsr.it (A.C.); scavini.marina@hsr.it (M.S.)

* Correspondence: anna.odone@unipv.it
† These authors contributed equally to this manuscript.

Abstract: Diabetic patients are at higher risk of developing infectious diseases and severe complica-
tions, compared to the general population. Almost no data is available in the literature on influenza
immunization in people with type 1 diabetes mellitus (T1DM). As part of a broader project on
immunization in diabetic patients, we conducted a cross-sectional study to: (i) report on seasonal
influenza coverage rates in T1DM patients, (ii) explore knowledge, attitudes, and practices (KAPs)
towards seasonal influenza in this population, and (iii) identify factors associated with vaccine
uptake, including the role of family doctors and diabetologists. A survey was administered to 251
T1DM patients attending the Diabetes Clinic at San Raffaele Research Hospital in Milan, Italy and
individual-level coverage data were retrieved from immunization registries. Self-reported seasonal
influenza immunization coverage was 36%, which decreased to 21.7% when considering regional im-
munization registries, far below coverage target of 75%. More than a third (36.2%) of T1DM patients
were classified as pro-vaccine, 30.7% as hesitant, 17.9% as uninformed, and 15.1% as anti-vaccine.
Diabetologists resulted to be the most trusted source of information on vaccines’ benefits and risks
(85.3%) and should be more actively involved in preventive interventions. Our study highlights
the importance of developing tailored vaccination campaigns for people with diabetes, including
hospital-based programs involving diabetes specialists.

Keywords: vaccination; influenza; diabetes; type 1 diabetes mellitus

1. Introduction

Diabetes is a chronic condition heavily affecting not only the lives and well-being
of patients and their families but also economy and societies worldwide [1]. Being
among the top 10 mortality causes in adult populations, with an estimate of four mil-
lion deaths globally in 2017, diabetes is a major public health challenge [2,3]. As reported
by the International Diabetes Federation (IDF), 463 million people worldwide currently
live with a diagnosis of Diabetes Mellitus (DM), causing a global health expenditure
of $760 billion [2,4]. This includes both direct costs, related to the treatment of diabetes and
its complications, and indirect costs due to production losses of working-age individuals
and premature deaths [5].
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Compared to the general population, diabetic patients are at higher risk of developing
infectious diseases and their severe complications, with higher hospitalization and death
rates [6–9]. A recent cohort study in Canada found that patients with diabetes had a 21%
increased risk of developing a new infection, compared to the general population, over a
4-year time frame [10]. Influenza is particularly important in this context, since patients
with diabetes have a six-fold increased risk of hospitalization and are three times more
likely to die from influenza-related complications compared to the general population [11].

National and international health authorities, including the American Diabetes As-
sociation (ADA) and the Centers for Disease Control and Prevention (CDC) Advisory
Committee on Immunization Practices (ACIP) recommend seasonal influenza immuniza-
tion for patients with diabetes, together with other selected immunization programs,
including tetanus, pertussis, diphtheria, herpes zoster, pneumococcal, and hepatitis B
vaccinations [12,13]. In Italy, according to the Italian National Vaccine Prevention Plan
2017–2019 (Piano Nazionale Prevenzione Vaccinale—PNPV), and the Standard of Care
2018 of the Italian Association of Diabetes Physicians and the Italian Diabetes Society (Stan-
dard di Cura AMD-SID 2018), both patients with diabetes, their family members and/or
caregivers are offered, every year, the influenza vaccination free-of-charge, regardless of
their age [14–17].

Despite the strong rationale for recommending influenza immunization to patients
with diabetes [18], available data report that vaccine coverage rates remain low, and below
the coverage targets set by health authorities [7,19,20]. In addition, influenza immunization
coverage data are not routinely collected and monitored for this high-risk population.
Recent data from Spain reported that influenza vaccine uptake among adults with diabetes
was 63.8% in 2006, and it dropped to 40% in 2017 [21]. Similar situations are reported
outside Europe, with influenza vaccination rates for patients with diabetes in Taiwan at
31–35% [22]. In the United States, influenza vaccination coverage among adults with
diabetes was 64.8% in 2017, and even though it remained below the optimal threshold,
it was higher than among patients without diabetes (43.9%) [23]. In Italy, data from a
national population-based surveillance system reported that, in 2016–2019, only 28.8% of
individuals with diabetes, aged 18–64, were vaccinated against seasonal influenza [24].

Factors influencing vaccine uptake in patients with diabetes are related to the availabil-
ity of effective and efficient immunization programs, to the demand for immunization, and
the willingness to be vaccinated [25]. In particular, factors influencing demand for influenza
immunization might differ among patients with diabetes, as compared to individuals in
the general population.

The current study is part of a broader project aiming to assess knowledge, attitudes,
and practices (KAPs) towards influenza vaccination and its uptake among adult patients
with diabetes. In particular, the current paper focuses on patients with Type 1 Diabetes
Mellitus (T1DM), which are estimated to account for 5–10% of all DM cases globally [26].
General aim was to gather useful data to inform the organization of tailored immunization
programs for this population. Specific objectives were: (i) to report on seasonal influenza
coverage rates in T1DM patients, (ii) to explore KAPs toward seasonal influenza in this
population, and (iii) to identify factors associated with vaccine uptake, with particular
reference to the role played by family doctors and diabetologists.

2. Materials and Methods

Data sources for the current study include: (i) an ad hoc survey designed by the study
group and (ii) influenza vaccine coverage data collected through the regional Immunization
Information System (IIS). A survey on KAPs toward influenza immunization was designed
and administered in person to a sample of adult (≥18 years old) T1DM patients attending
the Diabetes Clinic at San Raffaele Research Hospital in Milan, Italy, which is nationally
recognized as one of the leading centres of excellence for the study, prevention and treat-
ment of diabetes. Interviews were conducted between 16 May 2019 and 18 February 2020.
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The study protocol was approved by the Ethics Committee of the San Raffaele Hospital.
Consent to participate was collected from all study participants prior to data collection.

The survey tool was designed and adapted based on a previously validated question-
naire, used by the Italian National Institute of Health (Istituto Superiore di Sanità, ISS) to
investigate vaccine hesitancy among parents [27].

The survey was available in digital format, on an online platform complying with the
new European standards for privacy regarding data collection and storage. Surveys were
administered in person by ad hoc trained members of the study group. The survey was
composed of 52 items, divided into two parts. The first part collected socio-demographic
data (i.e., level of education, marital status, and socio-economic status) and medical his-
tory data, including: time from disease diagnosis, current therapy, most recent glycated
haemoglobin (HbA1c) value, and use of carbohydrates counting and ketones measure-
ment. The second part of the survey was divided into three sections investigating different
aspects related to vaccinations and influenza among patients with diabetes: (i) attitudes
and practices towards influenza immunization, (ii) knowledge on risks and prevention
of influenza, and (iii) information sources and trust in different categories of physicians.
The first section focused on patients’ attitudes towards influenza vaccination and their
self-reported vaccination status. Patients were asked whether they, or their family mem-
bers, had been vaccinated against seasonal influenza in the past three years. In case of a
negative answer, they had to specify the primary reason for non-compliance. In case of a
positive answer, patients were asked the source of the recommendation and where they
had been vaccinated (at home/in primary care clinics/in prevention services clinics/at the
hospital). The second section aimed at investigating patients’ knowledge and awareness
on: (i) higher risk of infection and infectious diseases’ complications in DM patients vs.
the general population, (ii) recommended vaccinations for high-risk groups and their
household contacts. The third section investigated patients’ sources of information on
vaccines and immunization programs. In particular, they were asked to report the advice
received by their family doctors and diabetologists, exploring any contrasting opinions
received from these two healthcare professionals, as well as the level of trust towards them.
Then, they were asked their perceived level of reliability of different information sources,
including healthcare professionals, internet and other media, friends, and relatives. Of
note, the last section of the survey explored patients’ attitudes and willingness of being
vaccinated against influenza at the hospital diabetes clinic, should the service be available.
Finally, 2019–2020 influenza immunization uptake data were retrieved from the regional IIS
and individually linked to the survey data to derive coverage rates in the study population,
limited to residents of the Lombardy region.

At the analysis stage we grouped study participants, by level of hesitancy towards
influenza immunization, on the basis of a previously published classification issued by
colleagues from the Italian National Institute of Health [27]. Participants were therefore
identified based on their response to the question “Were you vaccinated against influenza
during the last flu season?”: patients who responded they had been vaccinated were
considered as pro-vaccine; patients who answered they were not vaccinated but indented
to get vaccinated in the future, or who were unsure on whether or not to get vaccinated,
were classified as hesitant, regardless of the reasons behind their choice. Those who did not
know that a vaccine was available, recommended, or had never considered the possibility
of being vaccinated were classified as uninformed, as they lacked some information in
their decision-making process (specifically, they were not aware that influenza vaccine is
recommended and offered to people with DM). Lastly, patients who had not been vacci-
nated, and declared they were not willing to get vaccinated in the future, were classified as
anti-vaccine. Importantly, this classification only refers to participants’ attitude towards
seasonal influenza immunization, which represents the core of this study. Knowledge,
attitudes, beliefs, and sources of information on both influenza and other vaccines, along
with other exposure variables of interest were compared in the four groups. Knowledge on
the risk of infections, and on immunization recommendations, for patients with diabetes
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was categorized into three levels: poor, average, and good level of knowledge, based on a
score (Supplementary Table S1) assigned to correct answers in specific questions of the sur-
vey. We conducted a descriptive analysis of survey responses using absolute frequencies,
percentage distributions (categorical variables), and means with standard deviation (SD)
(continuous variables), assessed determinants of hesitancy, and different roles played by
family doctors and diabetologists in influencing the decision process on vaccine uptake.
Statistical analysis was conducted with SPSS version 25.0 (IBM Corporation, Armonk,
NY, USA).

3. Results
3.1. Socio-Demographic and Clinical Characteristics of the Study Population

Two hundred and fifty-one patients with T1DM were enrolled in the study. The
characteristics of the study population are reported in Table 1. Fifty-one per cent of the
study population were female, and the mean age was 35.5 years (±15.02 SD) with nearly
half of the study population (42.6%) aged 18–29 years. Almost all patients (96.8%) were
born in Italy. Fifty-eight per cent of study participants were single; level of education was
medium (high school diploma) in 53.4% of cases, while 33.9% of the interviewed subjects
had a high-level education (Bachelor’s degree or higher). Based on occupation, 14.5%
reported a high and 42.2% a medium socio-economic status. Around a quarter (26.1%) of
the study participants were students.

The average number of years since diagnosis of T1DM was 18.35 years (±11.36 SD),
with the majority of responders (36.4%) having had the diagnosis for 6–10 years, 11.7% for
less than 5 years, and 14.6% for 30 years or more. As for the clinical characteristics of our
sample, the average HbA1c level was 7.24 (±0.92 SD), most of them (61%) measured their
urine ketone levels in case of hyperglycaemia, and the majority of them used carbohydrate
counting for estimating pre-prandial insulin bolus (71%).

3.2. Coverage, Practice and Attitudes towards Influenza Immunization

Table 2 reports data on attitudes and practices towards influenza immunization: 36.3%
reported having been vaccinated during the last influenza season, 43.0% having been
vaccinated at least once in the previous three years, and 26% reported having received the
vaccination every year. Only 8.8% of patients reported that at least one family member was
ever vaccinated against influenza to protect them from infection.

Overall, 36% of study participants were classified as ‘pro-vaccine’, 30% as ‘hesitant’,
17% as ‘mis-informed’, and 15% as ‘anti-vaccine’. Considering only study participants who
were residents in the Lombardy region, after linking survey results with administrative
data from the regional Immunization Information Systems, we report a 5.9% discrepancy
between self-reported and administrative data (vaccination uptake was, respectively, 15.8%
and 21.7%). Among study participants that reported having been vaccinated against
influenza in the previous year, 58.9% were advised by their family doctor, 27% by their
diabetologist, while only a smaller share of patients received recommendations from other
healthcare professionals (4.5%), friends and family members (6.7%), or through mass
media communication (2.2%). The most frequently reported vaccination sites were primary
care clinics (38.5%), followed by preventive services clinics (27.5%). The most frequently
reported reason for not getting vaccinated against influenza in the previous year was the
idea that influenza vaccination was either “not useful” or “not necessary” (68.2%). Other
reasons included lack of recommendations from physicians (12.7%), having forgotten or
missed the vaccination appointment (12.7%), and reporting medical contraindications to
vaccination (4.5%).
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Table 1. Socio-demographic and clinical characteristics of the study population, [n (%)].

Characteristics Total Pro-Vaccine Hesitant Uninformed Anti-Vaccine

Sex 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)
Male 123 (49%) 38 (41.8%) 43 (55.8%) 25 (55.6%) 17 (44.7%)
Female 128 (50.9%) 53 (58.2%) 34 (44.2%) 20 (44.4%) 21 (55.3%)

Age 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)
18–29 years 107 (42.6%) 39 (42.9%) 37 (48%) 21 (46.7%) 10 (26.3%)
30–49 years 76 (30.3%) 25 (27.5%) 18 (23.4%) 18 (40%) 15 (39.5%)
50–64 years 52 (20.7%) 17 (18.7%) 19 (24.7%) 4 (8.9%) 12 (31.6%)
65 years and older 16 (6.4%) 10 (11%) 3 (3.9%) 2 (4.4%) 1 (2.6%)

Country of origin 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)
Italy 243 (96.8%) 89 (97.8%) 77 (100%) 41 (91.1%) 36 (94.7%)
not Italy 8 (3.2%) 2 (2.2%) 0 (0%) 4 (8.9%) 2 (5.3%)

Marital status 246 (100%) 91 (100%) 75 (100%) 43 (100%) 37 (100%)
Single 145 (58.9%) 51 (56%) 46 (61.3%) 29 (67.4%) 19 (51.4%)
Married 85 (34.6%) 33 (36.3%) 23 (30.7%) 12 (27.9%) 17 (45.9%)
Separated/Widow 16 (6.5%) 7 (7.7%) 6 (8%) 2 (4.7%)) 1 (2.7%)

Education 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)
Low level 32 (12.7%) 15 (16.5%) 8 (10.4%) 4 (8.9%) 5 (13.2%)
Medium level 134 (53.4%) 45 (49.5%) 39 (50.6%) 28 (62.2%) 22 (57.9%)
High level 85 (33.9%) 31 (34%) 30 (39%) 13 (28.9%) 11 (28.9%)

Occupational status 249 (100%) 91 (100%) 76 (100%) 45 (100%) 37 (100%)
High-level income 36 (14.5%) 12 (13.2%) 15 (19.7%) 1 (2.2%) 8 (21.6%)
Medium- and low-level income 105 (42.2%) 38 (41.8%) 25 (32.9%) 23 (51.1%) 19 (51.3%)
Houswife/unemployed 25 (10%) 5 (5.5%) 10 (13.2%) 7 (15.6%) 3 (8.1%)
Student 65 (26.1%) 25 (27.5%) 20 (26.3%) 14 (31.1%) 6 (16.2%)
Retired 18 (7.2%) 11 (12.1%) 6 (7.9%) 0 (0%) 1 (2.7%)

Years since diagnosis 247 (100%) 88 (100%) 76 (100%) 45 (100%) 38 (100%)
less than 5 29 (11.7%) 13 (14.8%) 2 (2.6%) 10 (22.2%) 4 (10.5%)
6–10 years 90 (36.4%) 33 (37.5%) 32 (42.1%) 15 (33.3%) 10 (26.3%)
11–20 years 57 (23.1%) 17 (19.3%) 22 (28.9%) 9 (20%) 9 (23.7%)
21–30 years 35 (14.2%) 13 (14.8%) 8 (10.5%) 3 (6.7%) 11 (28.9%)
30 years or more 36 (14.6%) 12 (13.6%) 12 (15.8%) 8 (17.8%) 4 (10.5%)

HbA1c level (mean, SD) 7.241 (0.916) 7.155 (0.990) 7.316 (0.901) 7.231 (0.936) 7.297 (0.936)

Ketones measurement 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)
Yes 155 (61.7%) 61 (67%) 45 (58.4%) 28 (62.2%) 21 (55.3%)
No 74 (29.5%) 20 (22%) 27 (35.1%) 14 (31.1%) 13 (34.2%)
I don’t know what ketones are 22 (8.8%) 10 (11%) 5 (6.5%) 3 (6.7%) 4 (10.5%)

Use of carbohydrate counting 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)
Yes 53 (21.1%) 15 (16.5%) 17 (22.1%) 17 (37.8%) 4 (10.5%)
No 180 (71.7%) 68 (74.2%) 56 (72.7%) 26 (57.8%) 30 (78.9%)
I don’t know what it is 18 (7.2%) 8 (8.8%) 4 (5.2%) 2 (4.4%) 4 (10.5%)
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Table 2. Practice and attitudes toward influenza immunization in our study population [n (%)].

Practice and Attitudes Total Pro-Vaccine Hesitant Uninformed Anti-Vaccine

Did you get vaccinated against influenza last year? 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)
Yes 91 (36.3%) 91 (100%)
No, and I’m not going to get vaccinated in the future 38 (15.1%) 38 (100%)
No, and I don’t know if I will get vaccinated in the future 47 (18.7%) 47 (61%)
No, but I intend to get vaccinated in the future 30 (11.9%) 30 (39%)
No, because I didn’t know a vaccine was available 4 (1.6%) 4 (8.9%)
No, because I never thought about it 41 (16.3%) 41 (91.1%)

Who advised you to get vaccinated against influenza last year? 89 (100%)
Family doctor 53 (58.9%)
Diabetologist/endocrinologist 24 (27%)
Other health professionals 4 (4.5%)
I read/heard it in newspapers/radio/TV 2 (2.2%)
Family, friends, or acquaintances recommended it to me 6 (6.7%)

Where did you receive the influenza vaccination last year? 91 (100%)
At primary care clinics 35 (38.5%)
At another doctor’s office 8 (8.8%)
At home (family doctor/acquaintances/self-administered) 14 (15.4%)
At preventive services clinics 25 (27.5%)
At a preventive medicine/occupational medicine clinic 9 (9.9%)

What is the main reason why you didn’t receive the influenza vaccination last year? 110 (100%) 74 (100%) 36 (100%)
Forgetfulness/inability to attend the appointment 14 (12.7%) 14 (18.9%)
Medical contraindications to vaccination 5 (4.5%) 3 (4%) 2 (5.6%)
I was advised against it by a healthcare professional 1 (0.9%) 1 (2.8%)
Religious reasons 1 (0.9%) 1 (1.4%)
Physicians did not recommend it to me 14 (12.7%) 13 (17.6%) 1 (2.8%)
I don’t believe that the vaccine is safe 0 (0%)
I don’t believe that the vaccine is useful/necessary 75 (68.2%) 43 (58.1%) 32 (88.9%)

In the last three years, how many times have you been vaccinated against influenza? 248 (100%) 90 (100%) 76 (100%) 44 (100%) 38 (100%)
1 time 28 (11.3%) 13 (14.4%) 10 (13.2%) 3 (6.8%) 2 (5.3%)
2 times 15 (6%) 10 (11.1%) 5 (6.6%)
3 times 65 (26.2%) 64 (71.1%) 1 (1.3%)
I never received the vaccination in the last three years 140 (56.5%) 3 (3.3%) 60 (78.9%) 41 (93.2%) 36 (94.7%)
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Table 2. Cont.

Practice and Attitudes Total Pro-Vaccine Hesitant Uninformed Anti-Vaccine

Who advised you to get vaccinated against influenza in the last three years? 105 (100%) 85 (100%) 15 (100%) 3 (100%) 2 (100%)
Family doctor 58 (55.2%) 48 (56.5%) 8 (53.3%) 1 (33.3%) 1 (50%)
Diabetologist/endocrinologist 26 (24.8%) 22 (25.9%) 3 (20%) 1 (50%)
Other health professionals 10 (9.5%) 7 (8.2%) 2 (13.3%) 1 (33.3%)
Family, friends, or acquaintances recommended it to me 9 (8.6%) 6 (7.1%) 2 (13.3%) 1 (33.3%)
I read/heard it in newspapers/radio/TV 2 (1.9%) 2 (2.3%)

Where were you vaccinated against influenza in the last three years? 106 (100%) 86 (100%) 15 (100%) 3 (100%) 2 (100%)
At primary care clinics 43 (40.6%) 37 (43%) 4 (26.7%) 1 (33.3%) 1 (50%)
At another doctor’s office 5 (4.7%) 4 (4.6%) 1 (6.7%)
At home (family doctor/acquaintances/self-administered) 16 (15.1%) 11 (12.8%) 3 (20%) 2 (66.7%)
At preventive services clinics 32 (30.2%) 26 (30.2%) 6 (40%)
At a preventive medicine/occupational medicine clinic 10 (9.4%) 8 (9.3%) 1 (6.7%) 1 (50%)

What is the main reason why you didn’t receive the influenza vaccination in the last
three years? 136 (100%) 3 (100%) 60 (100%) 40 (100%) 34 (100%)

Forgetfulness/inability to attend the appointment 4 (2.9%) 4 (6.7%)
Medical contraindications to vaccination 2 (1.5%) 1 (1.7%) 1 (2.9%)
I was advised against it by a healthcare professional 2 (1.5%) 1 (2.5%) 1 (2.9%)
Religious reasons 1 (0.7%) 1 (1.7%)
Physicians did not recommend it to me 36 (26.5%) 3 (100%) 15 (25%) 17 (42.5%) 1 (2.9%)
I don’t believe that the vaccine is safe 9 (6.6%) 2 (3.3%) 3 (7.5%) 4 (11.8%)
I don’t believe that the vaccine is useful/necessary 82 (60.3%) 37 (61.7%) 18 (45%) 27 (79.4%)

Has anyone in your family ever been vaccinated influenza because you have diabetes? 246 (100%) 89 (100%) 74 (100%) 45 (100%) 38 (100%)
Yes 22 (8.9%) 14 (15.7%) 2 (2.7%) 3 (6.7%) 3 (7.9%)
No 224 (91.1%) 75 (84.3%) 72 (97.3%) 42 (93.3%) 35 (92.1%)
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3.3. Knowledge and Opinions on Diabetes and Influenza Vaccination

Table 3 reports participants’ knowledge on vaccines and immunization, recommended
either for the general population or for patients with diabetes. Overall, study participants
were aware of the importance of vaccines in protecting collective health and did not believe
in fake news. However, about one fifth of patients with diabetes were not aware of being
at higher risk of infections and their complications, which increased to one fourth in the
uninformed and anti-vaccine groups. Most patients (70.5%) knew that infectious diseases
might have a worse clinical course in patients with diabetes, compared to individuals
in the general population. Nevertheless, 61% of study participants were not aware of
the recommended vaccinations available for them, and 81.7% didn’t know that the same
vaccinations were recommended for their close relatives.

Table 3. Knowledge on vaccines and diabetes [n (%)].

Knowledge Items Total Pro-Vaccine Hesitant Uninformed Anti-Vaccine

Knowledge on vaccines in general, number of
correct answers and percentage among
responders

251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)

The entire community benefits from the
vaccination of children and adults 238 (94.8%) 89 (97.8%) 71 (92.2%) 43 (95.6%) 35 (92.1%)

Vaccines cause autism 213 (84.9%) 79 (86.8%) 65 (84.4%) 35 (77.8%) 34 (89.5%)
Vaccination is not needed if you follow healthy
lifestyles or natural remedies) 235 (93.6%) 86 (94.5%) 73 (94.8%) 43 (95.6%) 33 (86.8%)

Some vaccines are more dangerous than the
infections they prevent 222 (88.4%) 82 (90.1%) 72 (93.5%) 39 (86.7%) 29 (76.3%)

Many vaccines contain mercury and other toxic
substances 152 (60.6%) 61 (67%) 43 (55.8%) 30 (66.7%) 18 (47.4%)

I don’t think vaccinations are needed: the
diseases they prevent are not that serious 237 (94.4%) 86 (94.5%) 74 (96.1%) 43 (95.6%) 34 (89.5%)

Knowledge of diabetes-related aspects,
number of correct answers and percentage
among responders

251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)

People with diabetes are more at risk of catching
some infectious diseases than the general
population

150 (59.8%) 62 (68.1%) 46 (59.7%) 22 (48.9%) 20 (52.6%)

The course of some infectious diseases may be
worse in patients with diabetes than in the
general population

177 (70.5%) 67 (73.6%) 58 (75.3%) 25 (55.6%) 27 (71%)

In Italy there are recommended vaccinations for
people with diabetes, regardless of their age 98 (39%) 42 (46.2%) 29 (37.7%) 14 (31.1%) 13 (34.2%)

Some vaccinations are recommended for those
living with people with diabetes 46 (18.3%) 21 (23.1%) 14 (18.2%) 6 (13.3%) 5 (13.2%)

Knowledge Score on diabetes related aspects
(0–250) 251 (100%) 91 (100%) 77 (100%) 45 (100%) 38 (100%)

Poor (0–75) 85 (33.9%) 22 (24.2%) 27 (35.1%) 20 (44.4%) 16 (42.1%)
Average (76–125) 100 (39.8%) 41 (45.1%) 30 (39%) 14 (31.1%) 15 (39.5%)
High (126–250) 66 (26.3%) 28 (30.8%) 20 (26%) 11 (24.4%) 7 (18.4%)

Knowledge score distribution showed that, overall, DMT1 patients had a good knowl-
edge on diabetes related aspects (26% high score; 39% average score), which increased
among the pro-vaccine subgroup (30% high score; 45% average score). On the contrary,
uninformed and anti-vaccine subjects reported lower knowledge on this issue: a high
knowledge score was reported in only 24% of uninformed and 18% of anti-vaccine patients.

Table 4 reports participants’ opinions on vaccinations. Only 15.1% of the responders
reported they were afraid of adverse reactions, and 6.4% were afraid of possible long-
term damage after vaccination, with similar percentages among all groups. The survey
also showed that most of the responders (66.9%) felt adequately informed when deciding
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whether to be vaccinated or not, especially among the pro-vaccine group (83.1%). Of note,
51.1% of those classified as ‘uninformed’ felt adequately informed about vaccinations.
Only 6% of the responders reported that the free-of-charge vaccinations offered by Local
Health Units were too many, mostly belonging to the anti-vaccine group (50% of those who
expressed this opinion).

Table 4. Opinions about vaccinations. Data are reported as number of affirmative answers and percentage of responders
[n, (%)].

Opinion Items Total Pro-Vaccine Hesitant Uninformed Anti-Vaccine

I am afraid of the adverse reactions that may
occur immediately after vaccination 38 (100%) 10 (26.3%) 8 (21.1%) 9 (23.7%) 11 (28.9%)

I am afraid of the possible damage that can
occur years after vaccination 16 (100%) 4 (25%) 3 (18.8%) 4 (25%) 5 (31.3%)

The proposal of vaccines by local health
authorities is influenced by the economic
interests of pharmaceutical companies

51 (100%) 15 (29.4%) 15 (29.4%) 8 (15.7%) 13 (25.5%)

I felt adequately informed when I made the
decision on whether to get vaccinated or not 158 (100%) 74 (46.8%) 41 (25.9%) 23 (14.6%) 20 (12.7%)

Healthcare professionals provide information
on the benefits of vaccinations but not on the
related risks

78 (100%) 28 (35.9%) 24 (30.8%) 12 (15.4%) 14 (17.9%)

The free-of-charge vaccinations offered by
preventive services clinics are too many 15 (100%) 4 (26.7%) 2 (13.3%) 2 (13.3%) 7 (46.7%)

3.4. Trust and Role of Information Sources

Table 5 reports patients’ trust in their family doctor and diabetologist/endocrinologist.
In case of doubts about the real risks and benefits of a vaccine, 77.7% of patients would
ask their family doctor and 85.3% would turn to their diabetologist, while 33.1% would
ask public health practitioners in their Local Health Units. Similarly, responders trusted
that a vaccine is safe if recommended by their family doctor (75.7%) or their treating
diabetologists (86%). The final decision on whether to get vaccinated was influenced by
the family doctor’s opinion in 59% of cases and by the treating diabetologist’s advice in
80.9% of cases.

T1DM patients who reported not having received any advice on the importance of
getting vaccinated from their treating diabetologists and from their family doctors were
63.7% and 56.6%, respectively. In particular, only 14.7% of diabetologists and 23.1% of
family doctors recommended their diabetic patients getting vaccinated against seasonal
influenza. Of note, 11.2% found inconsistencies between different health professionals’
opinions on vaccinations. As for the existence of immunization programs recommended
for their close relatives, only 11.6% of our sample had received this information from their
family doctor, and 10.4% from their treating diabetologist. The immunization programmes
for close relatives of diabetic patients appeared to be widely unknown, especially among
the uninformed and anti-vaccine subgroups, where only 37% and 41% of participants
reported to be aware of these vaccinations.

Sixty-one percent of responders reported that they usually do not use the internet to
gather information on vaccinations. Among the different options available on the internet
to get information on this issue, the most widely accessed by our patients were the websites
of their Local Health Units (16.7%) and other institutional websites (17.5%), while 18.7%
declared they usually perform a generic search on the internet.

Finally, 77.7% of study participants reported that, if possible, they would like to receive
the vaccination at the Diabetes Clinic where they are followed. Most of these responders
belonged to the ‘uninformed’ (41.5%) and ‘hesitant’ (29.7%) groups.
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Table 5. Trust and role of information sources [n (%)].

Trust and Role of Information Sources Family
Doctor

Diabetologist/
Endocrinologist

Trust on information sources on vaccinations [affirmative answers (n (%)]
Vaccinations are safe if recommended by 190 (75.7%) 216 (86%)
His/her opinion is decisive in deciding on vaccinations 148 (59%) 203 (80.9%)
In case of doubts about the risks and benefits of a vaccine, I would ask information to 195 (77.7%) 214 (85.3%)

Role of information sources on vaccinations [affirmative answers (n (%)]
He/she advised me to do them all 24 (9.6%) 23 (9.2%)
He/she advised me to take the flu vaccination 58 (23.1%) 37 (14.7%)
He/she advised me not to do any vaccinations 2 (0.8%) 2 (0.8%)
He/she didn’t give me advice 142 (56.6%) 160 (63.7%)
He/she told me about recommended vaccines for my age and because I have diabetes 71 (28.3%) 64 (25.5%)
He/she informed me of the existence of recommended vaccinations for people with
diabetes 80 (31.9%) 71 (28.3%)

He/she informed me of the existence of recommended vaccinations for close contacts
and caregivers of people with diabetes 29 (11.6%) 26 (10.4%)

When using the internet to gather information on vaccines, I usually consult:
I don’t consult websites for information on vaccines 153 (61%)
I don’t consult any specific websites, I usually do a generic search on Google or other
search engines 47 (18.7%)

Wikipedia 11 (4.4%)
the Website of my Region/Local Health Unit 42 (16.7%)
Institutional websites (e.g., Ministry of Health, Higher Institute of Health, AIFA) 44 (17.5%)
Websites/forums of/for people with diabetes 14 (5.6%)
Websites/forums that advise against vaccinations 2 (0.8%)
Websites/forums that promote vaccinations 4 (1.6%)

4. Discussion

We report on knowledge, attitudes, and practices towards influenza immunization in
patients with T1DM. Almost no data are available in the literature on influenza vaccine up-
take in this high-risk population. One study carried out in Spain in 2020, on a convenience
sample of 300 subjects, reported a 55% influenza vaccination uptake in this population [19].
To our knowledge, no other recent studies reported influenza coverage data for patients
with T1DM. Indeed, data on adherence to influenza immunization among adult patients
with T1DM remains scant, both nationally and at the European level. The lack of data
on influenza immunization coverage among patients with T1DM is likely the result of
two main factors: first, coverage data among patients with diabetes are mainly collected
and reported regardless of the type of diabetes; secondly, coverage data among high-risk
groups are not routinely collected in many European countries, including Italy. In Italy, for
instance, available data on immunization coverage, in patients with diabetes, come from
self-reported estimates derived from nationwide surveillance systems (the PASSI project)
on lifestyle, behavioural risk factors, and access to preventive programmes coordinated by
the National Institute of Health (ISS) [28]. The latest available data from PASSI reports that
influenza vaccination rate, in people with diabetes in 2018, not distinguishing by type of
diabetes, was 28.8% [24], a point estimate lower when compared to our results.

We show a 36% influenza vaccination self-reported coverage in patients with T1DM,
far below the coverage target of 75% set by the PNPV 2017–19 [15], which decreases to 21.7%
when considering coverage data from regional immunization registries. Our study shows
that influenza vaccination uptake among patients with T1DM is low, despite their risk
of infection and serious complications being higher compared to the general population.
A study, carried out in Ireland in 2012, reported coverage at 64.5% among patients with
diabetes [29]. In France, between 2008 and 2011, the annual influenza vaccination uptake
among people with type 2 diabetes (T2DM) ranged between 32.3% and 33.7%, in the 18–64
age group, and between 61.1% and 69.5% in people aged 65 years or older [30]. A Dutch
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study investigated vaccination uptake among patients with diabetes over a 5-year period,
highlighting a gradual decrease from 85.1% in 2008 to 74.7% in 2013 [31].

As previously discussed, most studies investigate vaccination uptake among patients
with diabetes, without accounting for the type of diabetes. This approach has some
weaknesses and may lead to misleading results, as type 1 and type 2 DM have extremely
different clinical presentations and affect different populations, with different preventive
measures, needs, and treatment approaches. In particular, T1DM is a condition caused
by autoimmune-induced pancreatic beta cells destruction, leading to absolute deficiency
of insulin, while in T2DM, hyperglycaemia is a consequence of insulin-resistance [32].
T1DM is often associated to a younger onset, although nearly half of the incident cases
of T1DM occur in individuals aged 30 years and older. T2DM typically affects older age
groups [33], although the age of onset of T2DM has been progressively decreasing over
the last two decades. Therefore, although often considered as two presentations of the
same disease, T1DM and T2DM should be studied separately, taking into consideration the
unique features of these conditions [34,35], that may differentially impact vaccines’ efficacy
and effectiveness, as well as affect people’s attitudes towards several issues, including
vaccination uptake. This is in line with the findings of a French study reporting that people
with T1DM were more likely to accept seasonal influenza immunization over a 10-year
period, compared to people with T2DM [36].

Our sample of T1DM patients appeared to be aware of their increased susceptibility
to infectious diseases, including influenza, both in terms of increased risk of infection
(59.8%) and severe complications (70.5%). These data are encouraging, especially when
compared to previous studies that highlighted a lower degree of awareness among diabetic
patients, regardless of the type of diabetes [37,38]. In particular, a survey conducted among
patients with diabetes in Pretoria, South Africa reported that only 38.4% of participants
were aware that influenza symptoms can be worse among patients with diabetes, and only
32.9% believed that influenza can cause serious complications in this group of people [37].
The same study reported that 49.7% of patients believed that the vaccine against influenza
wasn’t safe, while in our population, we didn’t observe any relevant fear related to the
safety of the influenza vaccine: in fact, all patients considered influenza vaccine safe, but
an alarmingly large share believed it was either not useful or not necessary. Similar results
were reported in a study carried out in Singapore, where 75.6% of unvaccinated diabetic
patients reported that the reason behind their refusal was the perception that the vaccine
was not necessary [38]. These data suggest the need for targeted educational interventions
aimed at promoting the importance of prevention measures, such as influenza immuniza-
tion, among this vulnerable population. People with diabetes should be aware, not only
that they are at higher risk of infectious diseases and complications, as compared to the
general population, but also that selected vaccinations, including influenza, are recom-
mended and offered to them, and that evidence proved that these vaccines are effective
and safe [39]. It’s widely known that recommendations from healthcare professionals
are extremely important when making health-related decisions [37,40,41]. Information
and advice from general practitioners and diabetes specialists play an essential role in
increasing influenza vaccination uptake in people with diabetes, and studies have shown
that patients with frequent hospital visits are more likely to accept seasonal influenza
vaccination [36,42]. In particular, patients trust their diabetologist more than their family
doctors, especially when making a decision regarding seasonal influenza vaccination (80.9%
versus 50.9%, respectively). Our study also suggests that confusion arises in patients when
contrasting opinions are given by different physicians or when not enough information
is provided on this issue: in fact, one of the main reasons for missed vaccinations, espe-
cially among the ‘hesitant’ and ‘uninformed’ groups, was lack of information provided
by their doctors. These two groups, accounting for almost half of our study population,
represent an important target group for educational interventions to promote seasonal
influenza immunization. ‘Hesitant’ patients require that physicians address their doubts
and concerns, in order to build trust and provide reassurance [43,44]. In this context, the
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interaction between patients and physicians is the cornerstone of maintaining confidence
in vaccination. Public Health plays a key role in this process as well [45] and should aim at
communicating adequately with the population, providing information on the benefits,
and on the importance, of preventive measures, especially among the most vulnerable
groups of people [46]. Similarly, ‘uninformed’ people must be educated on the importance
of immunization practices, through a proper information delivery system and the support
from family doctors and diabetologists, who should adequately inform their patients on
the importance of seasonal immunization against influenza [47,48].

Despite the lack of information received by their physicians, only 40% of our patients
reported using the internet to gather information on vaccinations. The most widely con-
sulted websites were those of Public Health institutions and healthcare providers, which
are considered a reliable source of information [49]. This suggests that information pro-
vided through these channels should be tailored to meet the needs of patients, addressing
possible doubts and concerns on vaccinations and providing all the information needed to
build trust in immunization policies and make informed decisions [50]. Providing reliable
and updated sources of information on the internet should be a priority for Public Health in
the context of healthcare digitalization, as this channel is widely used to gather information
on vaccinations [51,52], and it may be a useful tool to counteract vaccine hesitancy [53–56].

Our study has both strengths and limitations and provides inputs for future research. It
is among the first to report on influenza vaccine uptake in T1DM patients and to investigate
reasons for vaccine hesitancy in this population. It is part of a broader research project,
resulting from a multi-disciplinary collaboration between experts in the fields of diabetes,
public health, and health communication, conducted in a centre of excellence for diabetes
care and technologies. We acknowledge the current study was conducted on a relatively
small, and conveniently chosen, sample, although it is planned to be continued over
the next two years to include larger numbers of patients with either T1DM or T2DM.
Another limitation is the lack of local comparisons with previous KAPs and the lack of
clinical data on previous hospitalizations or complications related to influenza that may
have occurred in the past to these patients, which might affect their opinion and attitude
towards this vaccination. A significant limitation is also the self-reported information on
patients’ vaccination status and the inability to double-check it on the Italian Immunization
Information System for those who were not residents in the Lombardy region. Nonetheless,
surveys represent a quick and inexpensive method to collect and analyse data, and they
can provide valuable results.

Despite these limitations, our study offers some important inputs for future research.
In particular, what emerges is the need for routinely collected data on influenza burden
in T1DM patients and for tailored information campaigns to raise awareness on the im-
portance of vaccinations [57] not only for diabetic people but also for their close relatives.
All physicians, including family doctors and diabetologists, should advocate for their
patients’ health as a whole, focusing not only on disease treatment but also on disease
prevention [58]. In particular, preventing influenza and influenza-related complications
should be one of the top priorities among high-risk populations, including diabetic patients.
Diabetologists, who appeared to be the most trusted source of information for diabetic
patients, should be properly trained to be able to give all the relevant information on
vaccinations to their patients. This will not only improve patients’ health and quality of life,
but it will lift a burden from the National Health System and mark a Public Health success.
Importantly, our study suggests the importance of planning and delivering influenza vacci-
nations at the hospitals and outpatient clinics where these people are routinely followed
for their condition, thus facilitating their access to vaccination services. The integration
of multiple strategies and interventions, targeting both patients and health professionals,
are therefore required to improve seasonal influenza vaccination uptake in vulnerable
populations, such as people with diabetes mellitus.
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