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Abstract
Context: Type 1 (T1D) and type 2 diabetes (T2D) are associated with an elevated incidence of infectious diseases and a higher risk of infections- 
related hospitalization and death.
Objective: In this study, we delineated the “vaccinome” landscape obtained with a large immunization schedule offered by the Regional 
Government of Lombardy in a cohort of 618 396 patients with diabetes (T1D and T2D).
Methods: Between September 2021 and September 2022, immunization coverage for influenza, meningococcus, pneumococcus, and herpes 
zoster was obtained from the public computerized registry of the health care system of Lombardy Region (Italy) in 618 396 patients with diabetes 
and in 9 534 087 subjects without diabetes. Type of diabetes, age, mortality, and hospitalizations were retrospectively analyzed in vaccinated and 
unvaccinated patients.
Results: Among patients with diabetes (T1D and T2D), 44.6% received the influenza vaccine, 10.9% the pneumococcal vaccine, 2.5% the 
antimeningococcus vaccine, and 0.7% the antizoster vaccine. Patients with diabetes immunized for influenza, zoster, and meningococcus 
showed a 2-fold overall reduction in mortality risk and a decrease in hospitalizations. A 3-fold lower risk of mortality and a decrease in 
hospitalizations for both cardiac and pulmonary causes were also observed after influenza, zoster, and meningococcus immunization in older 
patients with diabetes.
Conclusion: Immunization coverage is still far from the recommended targets in patients with diabetes. Despite this, influenza vaccination 
protected nearly 3800 per 100 000 patients with diabetes from risk of death. The overall impressive decrease in mortality and hospitalizations 
observed in vaccinated patients strengthens the need for scaling up the “vaccinome” landscape in patients with diabetes.
Key Words: diabetes, immunization coverage, vaccines, mortality, hospitalization
Abbreviations: NNT/NTV, number of patients needed to treat/vaccinate; T1D, type 1 diabetes; T2D, type 2 diabetes.
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Type 1 (T1D) and type 2 diabetes (T2D) are associated with 
an increased incidence and severity of infectious diseases, 
which leads to a greater risk for hospitalization and death 
(1-4). Influenza is the most frequent infectious disease in pa
tients with diabetes (5), with a 4-fold increased risk of death 
or of being admitted to hospital for any cause (6, 7). Despite 
being recommended in at-risk patients (8), the protective ef
fect of influenza vaccination in preventing all-cause mortality 
and complications in patients with diabetes remains unex
plored, with data from randomized trials being still unavail
able (7, 9). Adult patients with type 1 diabetes (T1D) and 
type 2 diabetes (T2D) have also an increased risk of death, 
hospitalization, and respiratory failure due to pneumococcal 
infection and community-acquired pneumonia (10-12). 
While the protection offered by pneumococcal vaccination 
in reducing morbidity and mortality has been demonstrated 
in the general population (13), very little is known in patients 
with diabetes. Another frequent infectious disease in patients 
with diabetes (T1D and T2D) is the herpes zoster infection 
(14), with an yearly incidence of 7.23 to 9.36/1000. Herpes 
zoster is associated with a reduced quality of life due to post
herpetic neuralgia and ophthalmic complications leading to 
blindness (15, 16). Unfortunately, data on the protection pro
vided by herpes zoster immunization in patients with diabetes 
are scanty and incomplete (17). Bacterial meningitis occurs in 
3.15 per 100 000 patients with diabetes per year and the risk is 
2-fold higher than in subjects without diabetes, with meningo
coccus accounting for 10% of cases (18). As mortality and the 
hospitalization rate of bacterial meningitis are higher in pa
tients with diabetes (19), immunization for meningococcus 
is highly recommended but poorly explored. Indeed, less 
than 65% of patients with T1D are vaccinated for meningo
coccus (20) and data from large cohorts are lacking. Based 
on these premises, in this study we analyzed the full landscape 
of vaccination coverage, (ie, vaccinome landscape), in nearly 
620 000 patients with diabetes (T1D and T2D), and evaluated 
the protection offered by 4 vaccines (influenza, meningococ
cus, pneumococcus, and herpes zoster) strongly recommended 
by the current guidelines of the Lombardy Healthcare System. 
Our findings will establish a starting point for the immuniza
tion coverage in patients with diabetes, allowing it to be imple
mented and expanded in this high-risk population nationwide 
and worldwide.

Materials and Methods
In the past 20 years, the Lombardy Region has developed a 
system for classifying all persons registered within the health 
care system (database of persons registered with a general 
practitioner) according to their use of major health care serv
ices (hospitalizations, outpatient consultations, pharmaceut
ical) and whether they are exempt from copayment fees for 
disease-specific medications and health care services. This 
retrospective study was conducted on the target population 
with diabetes in the Lombardy area consisting of 618 396 pa
tients with diabetes (T1D or T2D). Two data sources were 
used for carrying out the current analysis. The first was the 
Healthcare Utilization Database, employed in Regional 
Health Service management, which collects information in
cluding hospital discharge records supplied by public or pri
vate hospitals (primary diagnosis and performed procedures 
coded according to the ICD-9-CM classification system), 
and outpatient dispensation of drugs reimbursed to 

pharmacies after filing doctors’ prescriptions (coded accord
ing to the Anatomical Therapeutic Chemical classification sys
tem). The second data source was the vaccination registry, 
which monitors and evaluates the vaccination campaigns, 
and which collects information on date, type, and dose of 
each vaccine that is dispensed. All the different data are inter
connected because a single individual identification code is 
used to recognize each patient by all databases. To preserve 
privacy, each identification code was deidentified automatic
ally, with this inverse process being allowed only for the 
Regional Health Service on request from judicial authorities. 
Informed consent was not obtained since this is a registry- 
based study based on a retrospective analysis carried on an ad
ministrative database (21), where no identifiable information 
is present. While anti-influenza vaccination is seasonal and pa
tients were included in the analysis as vaccinated within the 
2021-2022 campaign, antipneumococcus (conjugate, poly
saccharide), antimeningococcus (conjugate), and antizoster 
(Shingrix, recombinant) vaccinations are administered once, 
with boosters or annual administration recommended based 
on the Italian Ministry of Health guidelines (Table S1 (22)). 
Therefore, vaccinated patients were included based on the 
registry data but they may have received the vaccination at 
earlier timepoints. As immunization coverage, patients who 
did not receive the influenza vaccination during the 
2021-2022 campaign were considered not vaccinated. 
Moreover, patients who had never received antipneumococ
cus, antimeningococcus, and antizoster were also considered 
not vaccinated. Patients with newly diagnosed diabetes within 
the observation period were not included. All the methods ad
hered to relevant ethical guidelines for handling human data. 
For statistical analysis a chi-square/Fisher exact test was used 
to examine the proportion of patients with diabetes receiving 
or not the anti-influenza vaccination during the 2021-2022 
campaign, to examine the proportion of patients having re
ceived at least once antizoster, antimeningococcus, and anti
pneumococcus immunization, and lastly the proportion of 
patients with diabetes who developed clinical outcomes iden
tified as mortality and admission to hospital. In particular, for 
each of the 4 immunization strategies evaluated, 3 clinical out
comes were analyzed: mortality (patients with diabetes were 
considered for whom the date of death is equal to or before 
September 30, 2022), generic hospitalizations and hospital
izations for cardiac or respiratory diseases (all hospitalization 
date between January 9, 2021 and September 30, 2022, were 
considered; the patient was counted if the hospitalization date 
was in that time window or, for vaccinated, if it was after the 
vaccine date). Analysis of the crude odds ratio and of the num
ber of patients needed to treat/vaccinate (NNT/NTV) were 
also included for each outcome to establish the unadjusted 
risk of developing the above-mentioned outcomes and to 
evaluate the protection offered by the vaccination strategy ad
ministered. NNT was calculated as reciprocal of the attribut
able risk. All statistical analysis were performed using SAS and 
R Statistical Software (version 4.2.2) and GraphPad Software 
LLC (Version 9.5.1).

Results
Study Subjects and Vaccination Coverage
As of September 30, 2022, the population of the Lombardy 
area in Italy consisted of 10 152 483 people, of whom 618  
396 were patients with diabetes (based on the regional exempt 
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coding system) and 9 534 087 were subjects without diabetes. 
Among the 618 396 patients with diabetes, 15 961 were diag
nosed with T1D and 602 435 with T2D. We retrospectively 
analyzed the immunization coverage for influenza, pneumo
coccus, meningococcus, and herpes zoster in both patients 
with and without diabetes as shown in Table 1. First, we ob
served that 44.6% of patients with diabetes received influenza 
vaccination compared with 16.0% of subjects without dia
betes, leading to a nearly 3-fold increase in influenza vaccin
ation coverage (Table 1). Conversely, we observed a smaller 
coverage for antipneumococcal vaccine in patients with dia
betes compared with the general population (10.9% vs 
16.1%, Table 1). With regards to the antimeningococcal vac
cine, coverage in the general population was higher than in pa
tients with diabetes (21.2% vs 2.5%) (Table 1). Analysis of 
immunization coverage for the antizoster vaccine demon
strated that a higher proportion of patients with diabetes re
ceived the antizoster vaccine than subjects without diabetes 
(0.7% vs 0.2%), although coverage remains below 1%.

Vaccination coverage by age and type of diabetes
When stratified by age groups, patients with diabetes having 
received the influenza vaccine were primarily 65 years old or 
older (85.8% of the vaccinated diabetic population), with 
57% of vaccinated patients compared with 43% unvaccinated 
subjects in this age group (Table 1). This observation was par
alleled in patients receiving the pneumococcus vaccine, in 
whom the majority were aged ≥65 years (82.9% of the vacci
nated diabetic population). When considering patients with 
diabetes having received the antimeningococcal vaccine, the 
majority were ≥18 years old (88.0% of the vaccinated diabetic 
population). Vaccination in subjects without diabetes was re
corded mainly in the youngest age group (65.2% of the vacci
nated subjects without diabetes aged <18 years) (Table 1). As 
immunization with the antimeningococcal vaccine is strongly 
recommended in patients with T1D based on the Italian 
Ministry of Health guidelines (Table S1 (22)), we conducted 
a subgroup analysis that demonstrated that patients with 
T1D receive immunization with the antimeningococcal vac
cine in a higher proportion than patients with T2D (23.5% 
vs 2.0%, P < .0001). Finally, the antizoster vaccine was 
more frequently administered to patients with diabetes aged 
≥65 years (88.8% of the vaccinated diabetic population). 
Overall, patients with diabetes, particularly in the age group 
greater than 65 years old, demonstrated better immunization 
coverage than the same age group of subjects without 
diabetes.

Anti-influenza Vaccine
Of the 618 396 patients with diabetes, 275 879 (44.6%) were 
vaccinated during the influenza seasonal immunization cam
paign (September 2021-April 2022). We next analyzed the as
sociation between immunization coverage and clinical 
outcomes as follows: mortality rate (determined at 
September 30, 2022), hospitalization rate, and hospitalization 
rate for cardiac and/or pulmonary-related causes. Our 
analysis demonstrated that patients with diabetes and not 
receiving influenza vaccination experienced an elevated mor
tality rate (10.3% vs 4.4%, P < .0001), with a 2.5-fold in
crease in the odds of death compared with vaccinated 
subjects, (OR 2.5, 95% CI 2.4 to 2.6), and a notable low 
NNT/NTV to achieve the outcome (Fig. 1A and 1B). The 

rate of hospitalization, both for generic and cardiac and/or 
pulmonary-related causes was similar between the 2 groups 
examined, with 15.8% of unvaccinated patients with diabetes 
admitted to hospital for all causes compared with 17.2% pa
tients with diabetes receiving the influenza vaccination. Of the 
hospitalizations for cardiac or respiratory conditions, 3.2% 
were observed in nonvaccinated compared with 3.6% in vac
cinated patients (Table 2).

Subgroup analysis by age
In a subgroup analysis, age higher than 65 years was associ
ated with a higher mortality rate in patients with diabetes 
and not receiving influenza vaccination. Indeed, immuniza
tion coverage for influenza reduced the mortality risk by 
3.73 times in the elderly population with diabetes compared 
with unvaccinated patients (5.0% vs 18.6%, P < .0001) 
with a very small NNT/NTV (Fig. 1C and 1D; Fig. S1A and 
S1B (22)). With regards to hospitalization rate for all causes, 
there is a decreased percentage of patients with diabetes im
munized for influenza who were admitted to hospital com
pared with patients with diabetes who did not receive the 
vaccination (18.0% vs 19.4%, P < .0001). This observation 
was furthermore paralleled when considering the cardiac/ 
pulmonary-related hospitalization rate (4.0% vs 5.1%, 
P < .0001, OR 1.27 for unvaccinated patients; 95% CI 1.23 
to 1.30) (Table 3; Table S2 (22)).

Subgroup analysis by type of diabetes
By grouping the population based on the type of diabetes, the 
mortality rate was statistically significantly different in pa
tients with T2D (5.0% vs 19.0%, P < .0001) and T1D 
(8.0% vs 23.0%, P < .0001) aged ≥65 years and immunized 
with the influenza vaccine compared with unvaccinated pa
tients. Our analysis indeed demonstrated a 3 to 4 times lower 
risk of death in patients with T1D (OR 3.1 for unvaccinated 
patients, 95% CI 2.1 to 4.0) or T2D (OR 4.3 for unvaccinated 
patients, 95% CI 4.2 to 4.4) aged ≥65 years and receiving the 
influenza vaccine compared with unvaccinated patients. The 
rate of all-causes hospitalization was also reduced in this sub
group of patients, particularly in those with T1D, but to a less
er extent (28.7% vs 40.0%, P = .0006).

Antimeningococcus Vaccine
In our retrospective analysis, 15 593 (2.5%) patients with dia
betes received immunization for meningococcus. We observed 
that the rate of mortality in subjects receiving this type of vac
cine was lower than in unvaccinated subjects (2.9% vs 7.8%, 
P < .0001) and the risk of death was significantly reduced (OR 
2.8 for unvaccinated patients, 95% CI 2.6 to 3.1), and further 
paralleled by a low NNT/NTV (Fig. 1A and 1B). The rate of 
hospitalization for all causes and for cardiac/pulmonary 
causes was also reduced in the vaccinated population 
(Table 2). Patients with diabetes admitted to hospital for all 
causes were 14.9% in the vaccinated group and 16.5% in 
the nonvaccinated group (P < .0001, Table 2). Cardiac and/ 
or pulmonary-related hospitalizations occurred in 1.5% of 
vaccinated subjects compared with 3.5% occurrences in sub
jects not vaccinated (P < .0001, Table 2).

Subgroup analysis by age
When grouped by age, patients aged ≥65 years undergoing 
immunization showed a lower mortality risk and a small 
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NNT/NTV (Fig. 1C and 1D; Fig. S1A and S1B (22)). A 
decrease in admission to hospital was also observed in the 
subgroup of patients aged ≥65 years, particularly in hospital
izations for cardiac/pulmonary causes more so than in hospi
talizations registered for all causes (Table 3; Table S2 (22)).

Subgroup analysis by type of diabetes
When considering patients with T2D, the mortality rate was low
er in vaccinated than in unvaccinated subjects (8.0% vs 10.8%, 
P < .0001). This was also confirmed in the younger age groups of 
patients with T1D, with a 0.1% mortality in vaccinated com
pared with 0.6% in unvaccinated patients (P < .0001).

Antizoster Vaccine
Zoster vaccinated subjects represented a small group in our 
retrospective study, with only 0.7% of patients with diabetes 
having adhered to this vaccination campaign. Despite the 
small number of patients included in the analysis, the com
parison between the vaccinated and nonvaccinated popula
tion showed that mortality rate was lower in vaccinated 
patients (2.9% vs 7.7%, P < .0001). This led to a significant 
reduced risk of mortality in immunized patients (OR 2.8 for 
unvaccinated patients, 95% CI 2.3 to 3.4) and a relatively 
low NNT/NTV to achieve the outcome (Fig. 1A and 1B). 
Further analysis demonstrated similar hospitalization rates 
both for all causes and for cardiac/pulmonary diseases in pa
tients with diabetes receiving or not receiving the vaccination 
(17.6% vs 16.4%, P = .04; 3.2% vs 3.4%, P = .5) (Table 2).

Subgroup analysis by age
Among subjects aged ≥65 years, in whom this vaccination is 
recommended, the decrease in mortality rate was particularly 
evident in vaccinated vs nonvaccinated patients with diabetes 
(2.7% vs 10.9%, P < .0001), with a low NNT/NTV (Fig. 1C
and 1D; Fig. S1A and S1B (22)). A higher risk of death in the 
absence of antizoster immunization was evident (OR 4.3 for 
unvaccinated patients, 95% CI 3.6 to 5.3). No decrease in 
the rate of hospitalizations for all causes in patients aged above 
or below 65 years and receiving the vaccine was observed. 
Nonetheless, a reduction in the proportion of vaccinated pa
tients with diabetes admitted to hospital for cardiac/pulmonary 
diseases was noted (Table 3; Table S2 (22)).

Subgroup analysis by type of diabetes
A reduction in mortality rate was confirmed in vaccinated pa
tients with T2D (2.4% vs 7.9%, P < .0001), with a 3-fold in
crease in the odds of death for unvaccinated patients (OR 3.4 
for unvaccinated patients, 95% CI 2.8 to 4.1). This was not 
observed in patients with T1D (1.7% vs 1.3%, P = .5).

Antipneumococcal Vaccine
Of the 618 396 patients with diabetes included in our retro
spective analysis, 67 199 (10.9%) were immunized with the 
antipneumococcal vaccine. The analysis of mortality (9.3% 
vs 7.5%), hospitalization for all causes (19.6% vs 16.0%) 
and cardiopulmonary-related causes (4.6 vs 3.2%) in patients 
with diabetes showed no improvement in vaccinated 

A

C

B

D

Figure 1. Immunization for influenza, meningococcus, and herpes zoster decreases the mortality risk in patients with diabetes. (A) Forest plot showing 
the mortality risk expressed as odds ratio (OR) in all patients with diabetes included in the study receiving or not the vaccination for influenza, 
meningococcus, herpes zoster, and pneumococcus. The number (percentage) of patients with the event is presented. (B) Bar graph depicting the 
number needed to vaccinate/treat (NNT), presented as mean ± 95% CI, to prevent the outcome (death) for the vaccinations analyzed as a surrogate 
measure of vaccination efficacy in all patients with diabetes. (C) Forest plot showing the mortality risk expressed as odds ratio (OR) in patients with 
diabetes aged ≥65 years receiving or not the vaccination for influenza, meningococcus, herpes zoster, and pneumococcus. The number (percentage) of 
patients with the event is presented. (D) Bar graph depicting the number needed to vaccinate/treat (NNT), presented as mean ± 95% CI, to prevent the 
outcome (death) for the vaccinations analyzed as a surrogate measure of vaccination efficacy in patients with diabetes aged ≥65 years.
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compared with unvaccinated subjects (Fig. 1A and Table 2). 
No decrease related to the antipneumococcal vaccination 
was observed with regards to the hospitalization rate, which 
was slightly increased in vaccinated subjects. As far as hospi
talizations are concerned, 19.6% of vaccinated patients with 
diabetes were admitted to hospital for all causes compared 
with 16.0% of those who were not vaccinated (Table 2). 
These data were paralleled in the analysis of cardiac/pulmon
ary hospitalizations, with 4.6% of patients with diabetes hos
pitalized and having received immunization compared with 
3.2% of unvaccinated subjects (Table 2).

Subgroup analysis by age
When grouped by age, no decrease in mortality rate was ob
served in the subgroup of patients with diabetes aged 65 and 
older receiving the vaccine, with respect to nonvaccinated pa
tients (Fig. 1C; Fig. S1A (22)). This observation was also con
firmed in the analysis of hospitalizations for all causes: there 
was no decrease in admissions to hospital registered in vacci
nated patients, even when considering cardiac/pulmonary 
hospitalization rate (5.3% vs 4.3%, Table 3; Table S2 (22)).

Subgroup analysis by type of diabetes
When grouped by type of diabetes, the mortality rate was low
er in patients with T1D who received the antipneumococcal 
vaccination than in unvaccinated patients (0.9% vs 1.4%). 
No decrease was observed in the vaccinated group of patients 
with T2D (8.9% vs 7.1%), as noted in the analysis of all 
patients.

Discussion
In this study on immunization coverage in the Lombardy 
Region, Italy, we delineated the “vaccinome” landscape in at-risk 
patients with diabetes, with a particular focus on influenza, men
ingococcus, pneumococcus, and herpes zoster immunization 
strategies. These vaccinations are highly recommended by the 
Italian Healthcare System (Table S1 (22)) and by the scientific 
community worldwide in at-risk patients (23), such as those 
with diabetes. Our study confirmed that the proportion of pa
tients immunized is lower than that foreseen by the Italian 
Ministry of Health (24). This is extremely relevant for patients 
with diabetes, as our data demonstrated that under-vaccination 
was associated with a 2- to 3-fold increased risk of mortality for 
at least 3 out of the 4 vaccines examined (influenza, meningococ
cus, and herpes zoster). Our data further demonstrated that in 
patients aged ≥65 years, this risk is more evident and it is also ac
companied by an increased rate of admission to hospital for car
diac and/or pulmonary diseases. The Italian Ministry of Health 
set guidelines for influenza vaccination coverage in patients with 
diabetes, considered subjects at risk, at 75% and 95%, consid
ered the minimum and optimal minimum, respectively (24). In 
our study, compliance with influenza vaccination was higher 
in patients with diabetes aged ≥65 years than in subjects without 
diabetes, with percentages approaching the coverage recom
mended by the Italian Ministry of Health (Table S1 (22)). 
However, recommendation for influenza vaccination in patients 
with diabetes starts from 6 months of age (8), and in our study 
the proportion of patients with diabetes vaccinated for influenza 
aged below 18 years was very low, nearly 32%. This suggests 

Table 2. Summary of all causes and cardiac/pulmonary-related hospitalization rate in patients with diabetes immunized or not for influenza, 
pneumococcus, meningococcus, and herpes zoster

Type of vaccination

Clinical outcomes

Hospitalization any cause Hospitalization cardiac/pulmonary causes

Vaccinated n (%) Not vaccinated n (%) P value Vaccinated n (%) Not vaccinated n (%) P value

Influenza 47 452 (17.2) 54 194 (15.8) .0001 10 055 (3.6) 11 012 (3.2) .0001
Meningococcus 2331 (14.9) 99 315 (16.5) .0001 234 (1.5) 20 833 (3.5) .0001
Herpes zoster 750 (17.6) 100 896 (16.4) .04 137 (3.2) 20 930 (3.4) .5
Pneumococcus 13 233 (19.6) 88 413 (16.0) .0001 3145 (4.6) 17 922 (3.2) .0001

In brackets: percentage of subjects with diabetes who were hospitalized for any cause or for cardiac/pulmonary causes having received or not the type of vaccination 
reported in the corresponding row.

Table 3. Summary of the general and cardiac/pulmonary-related hospitalization rate in patients with diabetes aged 65 years or older and 
immunized or not for influenza, pneumococcus, meningococcus, and herpes zoster grouped for age according to the guidelines 
recommendation

Type of vaccination

Clinical outcomes in patients aged ≥65 years

Hospitalization any cause Hospitalization cardiac/pulmonary causes

Vaccinated n (%) Not vaccinated n (%) P value Vaccinated n (%) Not vaccinated n (%) P value

Influenza 42 646 (18.0) 34 590 (19.4) .0001 9548 (4.0) 9024 (5.1) .0001
Meningococcus 839 (19.4) 76 397 (18.6) .1 146 (3.3) 18 426 (4.5) .0003
Herpes zoster 677 (17.9) 76 559 (18.6) .2 129 (3.4) 18 443 (4.5) .01
Pneumococcus 11 407 (20.4) 65 829 (18.3) .0001 2958 (5.3) 15 614 (4.3) .0001

In brackets: percentage of subjects with diabetes and aged ≥65 years who were hospitalized for any cause or for cardiac/pulmonary causes having received or not the type of 
vaccination reported in the corresponding row.
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that coverage in younger patients is still below the target. With 
regards to the antipneumococcal vaccination, which is recom
mended as once in a lifetime in at-risk patients (8, 23) 
(Table S1 (22)), the target has been set at 75% vaccination cover
age (25). In our study, adherence to antipneumococcal immun
ization was still below the target, with nearly 11% of patients 
receiving the vaccine. Compliance was higher in patients with 
T1D, in those aged <18 years, and in patients with T2D aged 
≥65 years. The immunization coverage target was not achieved 
for the antiherpes zoster vaccination (50% coverage set by the 
national guidelines) (Table S1 (22)), as already observed in other 
countries (26). Indeed, the low rate of immunization is associ
ated with unawareness of the severity of the disease, lack of im
munization campaigns, and poor trust in the efficacy and safety 
of the vaccine (27). Immunization with meningococcal vaccine 
of any type is recommended primarily in patients with T1D 
(28). In our study, we showed that nearly 25% of patients 
with T1D received this vaccination, mainly aged <18 years 
and received it to a similar extent as in subjects without diabetes. 
However, proportions of vaccinated patients grouped by age 
should be considered with caution, as the age recommendation 
for each type of vaccination varies and some vaccinations require 
a booster dose later on. With regards to clinical outcomes, it has 
been already established that in patients with diabetes under- 
vaccination is linked to an increased risk of mortality and admis
sion to hospital (21, 29), while the majority of vaccines are safe 
(30-33). Our study indeed demonstrated that these concepts ap
ply to influenza immunization, particularly for mortality rate, 
but also to vaccination with antimeningococcus and herpes zos
ter. This highlights the relevance of achieving the immunization 
coverage target for each vaccine strategy in patients with dia
betes. This is particularly relevant for the herpes zoster vaccin
ation, where data are scant and the disease’s morbidity and 
mortality rate are high (34). The fact that in our study protection 
from hospitalization was mainly restricted to patients aged ≥65 
years strengthens the importance of having full immunization 
coverage in patients with diabetes, as older patients with diabetes 
may benefit the most for protection from cardiovascular and/or 
respiratory diseases. Furthermore, while influenza immunization 
is offered annually to the general population and is related to a 
seasonal virus, protection against pneumococcus and meningo
coccus is offered once in a lifetime. However, vaccination is rec
ommended for patients aged ≥65 years, particularly if the 
vaccine status is unknown and regardless of the presence of dia
betes (8), thus resulting in a more heterogeneous protective effect 
(25). Also, both bacterial meningitis and pneumonia might be 
sustained by other microorganisms (eg, Listeria, Klebsiella), 
which accounts for a reasonable number of hospitalizations 
and deaths (18, 19). In this regard, the low protective effect ob
served with the antipneumococcus vaccination may be due to the 
heterogeneity of pulmonary diseases and on the relative low rate 
of vaccination observed in the older age groups, which may be 
more prone to develop pneumonia if suffering from diabetes. 
Our study is not devoid of limitations. First, it is a retrospective 
registry-based study, therefore some clinical data are not avail
able. The risk assessment has been based on the mortality rate 
and unadjusted odds ratio, without performing a multiple com
parisons test. Second, the analysis conducted suffered from the 
small number of patients receiving some vaccinations and the 
relatively small number of admissions to hospital recorded in 
some subgroups of patients, which did not allow us to expand 
our conclusions. Indeed, we acknowledge that low vaccination 
rates (except for influenza) and low mortality rates in the 

1-year analysis may imply a limit to the numbers, thus reducing 
the power to detect differences. Third, the limited observation 
period may not allow us to draw long-term projections, particu
larly for the influenza vaccination, which is seasonal and virus re
lated. However, the width of the epidemic curve and the intensity 
of 2021-2022 influenza activity were lower than the historical 
data (35). Moreover, for those vaccines administered once in a 
lifetime such as antimeningococcus and antipneumococcus, lon
ger studies are needed to better clarify the overall benefits on clin
ical outcomes. Furthermore, we may consider that different 
vaccines exist for some infectious agents (eg, herpes zoster, 
pneumococcus), which may account for differences in effective
ness, and were not explored in the present study. Finally, we may 
have underestimated the number of patients with diabetes living 
in the Lombardy area, as those with milder forms of the disease 
or with other forms of diabetes (monogenic diabetes, secondary 
diabetes) might not have been included in the regional exempt 
coding system. However, our study has also some major 
strengths, such as the high number of patients with diabetes in
cluded, nearly 620 000. Another strength lies in the rigor and 
precision of the data collection handled by the Lombardy 
Regional Healthcare System. Finally, depicting the “vaccinome” 
landscape in patients with diabetes (T1D and T2D), including 
the vaccinations recommended the most by the Italian 
Ministry of Health in this specific at risk population, is a novelty 
in this study. In summary, our study delineates immunization 
coverage in the diabetic population of the Lombardy Region 
over a year (2021-2022) and demonstrates that, although a rela
tively high adherence has been recorded, the target set by the 
Italian Ministry of Health is still far from being achieved. As 
under-vaccination in our study was associated with great mortal
ity, it is mandatory to sensitize the public and the health care 
community to the clinical advantages that vaccinations may of
fer to patients at risk. The influenza immunization campaign re
ported in this study is the prime example of the benefits of 
vaccination, which secured protection from risk of death in near
ly 25 000 among 620 000 patients with diabetes.
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