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ABSTRACT

Introduction Type 2 diabetes mellitus is a risk factor

for severe COVID-19 infection and is associated with
increased risk of complications. The present study aimed
to investigate effectiveness and persistence of different
COVID vaccines in persons with or without diabetes during
the Delta wave in Hungary.

Research design and methods Data sources were
the national COVID-19 registry data from the National
Public Health Center and the National Health Insurance
Fund on the total Hungarian population. The adjusted
incidence rate ratios and corresponding 95% Cls
were derived from a mixed-effect negative binomial
regression model.

Results A population of 672 240 cases with type 2
diabetes and a control group of 2974 102 non-diabetic
persons free from chronic diseases participated.
Unvaccinated elderly persons with diabetes had

2.68 (95% Cl 2.47 to 2.91) times higher COVID-
19-related mortality rate as the ‘healthy’ controls.
Primary immunization effectively equalized the risk

of COVID-19 mortality between the two groups.
Vaccine effectiveness declined over time, but the
booster restored the effectiveness against mortality
to over 90%. The adjusted vaccine effectiveness of
the primary Pfizer-BioNTech against infection in the
14-120 days of postvaccination period was 71.6 (95%
Cl 66.3 to 76.1)% in patients aged 65-100 years with
type 2 diabetes and 64.52 (95% Cl 59.2 t0 69.2)%

in the controls. Overall, the effectiveness tended

to be higher in individuals with diabetes than in
controls. The booster vaccines could restore vaccine
effectiveness to over 80% concerning risk of infection
(eg, patients with diabetes aged 65—100 years: 89.1
(88.1-89.9)% with Pfizer-on-Pfizer, controls 65-100
years old: 86.9 (85.8—-88.0)% with Pfizer-on-Pfizer,

or patients with diabetes aged 65—100 years: 88.3
(87.2—89.2)% with Pfizer-on-Sinopharm, controls
65—100 years old: 87.8 (86.8—88.7)% with Pfizer-on-
Sinopharm).

Conclusions Our data suggest that people with type 2
diabetes may have even higher health gain when getting
vaccinated as compared with non-diabetic persons,

,! Zoltan Kiss'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with type 2 diabetes mellitus are subject to
a higher rate on complication of the COVID-19 infec-
tion, including infection-related mortality.

WHAT THIS STUDY ADDS

= In patients with type 2 diabetes mellitus, SARS-
CoV-2 vaccines provide a vaccine effectiveness that
is at least equal to or even larger than the effective-
ness in non-diabetic subjects, and this is also true
for boosters.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
= Prioritization of patients with type 2 diabetes melli-

tus in the vaccination protocol is a proper approach,
since these patients have a high excess risk that is

eliminated by the use of vaccines.

eliminating the marked, COVID-19-related excess risk of
this population. Boosters could restore protection.

INTRODUCTION

Diabetes mellitus (DM) is a disease with high
prevalence, often regarded as an ‘epidemic’
among non-communicable diseases. It was
leading to the prevalence of more than 520
million people with diabetes in 2021 and is
thus responsible for a high global burden of
the disease." The predicted number of cases
should rise to 1.31 billion cases by 2050." Tt
is associated with a higher rate of infections,
for example, urinary tract, genital, skin or
respiratory infections, as compared with the
non-diabetic population.*™* In fact, infections
may be regarded as part of the emerging non-
vascular complications of DM.” During the
COVID-19 pandemic, special attention has
emerged related to metabolic diseases, such
as obesity, DM and fatty liver disease.’ Diabetes
was investigated in various studies and was
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found to be a risk factor for infection by the SARS-CoV-2
virus but also for other respiratory pathogens.” Moreover,
DM was also found to be associated with worse COVID-19
outcomes, along with other cardiovascular risk factors or
diseases (such as hypertension, coronary heart disease,
heart failure)s; in fact, COVID-19-related mortality was
higher in individuals with DM, even more so in type 1
DM as compared with type 2 DM (T2DM).**

Some results about COVID-related antibody produc-
tion or cellular immunity in people with diabetes have
been published.'”” However, much less is known about
SARS-CoV-2 vaccine effectiveness (VE) in diabetics in
the real world. Previously, our working group published
results related to a nationwide analysis on SARS-CoV-2 VE,
during different waves of the SARS-CoV-2 pandemic and
on the effect of booster shots in the general Hungarian
population.™ In the present work, the same data
source was used, but this time we focused on individuals
with T2DM and investigated VE and effect durability in
this high-risk population compared with a population
without history of chronic diseases.

RESEARCH DESIGN AND METHODS

Data sources

The analyzed data of the Hungarian COVID-19 registry
arose from the National Health Insurance Fund (NHIF,
more than 90% of the total population is state insured)
and of the National Center for Public Health and Phar-
macy (NCPHP). The current analysis covers the period
of the Delta wave (between September 4, 2021 and
December 25, 2021 in Hungary). Individuals with regis-
tered history of SARS-CoV-2 infection before the study
period were excluded from the analysis of SARS-CoV-2
infection outcome. From this population less than 1000
individuals were excluded because of data inconsisten-
cies including different types of vaccines for primary
immunization, lacking information on the type of the
second vaccine dose, first vaccination being adminis-
tered before the earliest possible date, having fewer than
14 days between the first and second doses, a diagnosis
date preceding the first reported case, or a date of death
preceding the first vaccination.

COVID-19-related data and outcomes

A centralized system managed by the NCPHP reported
data on SARS-CoV-2 infection on a daily basis. The
reported cases were based on COVID-19-related symp-
toms identified by healthcare professionals and/or
positive PCR tests performed by accredited microbio-
logical laboratories. Cases that were identified based on
symptoms needed to be confirmed using either PCR or
antigen tests listed in the rapid test list of the European
Commission.?’ COVID-19-related mortality was defined
as death during a period of SARS-CoV-2 positivity, regard-
less of whether the cause of death was directly attributed
to COVID-19 or other underlying factors. Patients with
confirmed SARS-CoV-2 infection who died without a

previously declared recovery and without another clear
cause of death were classified as COVID-19-related
deaths. The definition of COVID-19-related mortality was
based on recommendations from WHO and defined by
the healthcare government.*

SARS-CoV-2 vaccine types available at the time of the study
At the time of the Delta wave of the pandemic,
BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna),
Ad26.COV2.S (Janssen), GAM-COVID-Vac (Sputnik),
ChAdOx1 (AstraZeneca) and BBIBP-CorV (Sinopharm)
vaccines were available in Hungary for primary immu-
nization as well as the first booster shot (online supple-
mental figure 1, online supplemental file 1). A minority
of the patients were vaccinated with Janssen vaccine as
primary immunization; thus, they were not included in
the analysis. Most patients received a Pfizer vaccine as a
booster. To achieve a statistically analyzable sample size,
only patients receiving a Pfizer or Sinopharm as a basal
immunization and a Pfizer vaccine as a booster were
included (figure 1).

Individuals were categorized as primarily vaccinated if
at least 14 days had passed since the administration of
the second dose of specific COVID-19 vaccine types. The
unvaccinated group included individuals who did not
receive any dose of any COVID-19 vaccine type at a given
timepoint.

Definition of the group with T2DM

DM was defined as (a) history of outpatient or inpatient
care between January 1, 2013 and March 3, 2021 with
an E10-14 code diagnosis according to the International
Statistical Classification of Diseases and Related Health
Problems, 10th Revision (ICD-10), and at least one
prescription of antidiabetic treatment (Anatomical Ther-
apeutic Chemical code AlO) prescription dispensed,
or (b) at least two such prescriptions dispensed, and
without a history of outpatient or inpatient care with a
diagnosis of polycystic ovary syndrome (ICD-10: E282)
or gestational diabetes (ICD-10: O24). Of these selected
individuals those were considered having type 1 DM who
dispensed only insulin or maximum three oral antidia-
betic prescriptions together with insulin prescriptions in
the first half year of their treatment. After excluding indi-
viduals with polycystic ovarian syndrome and gestational
diabetes, as well as excluding type 1 diabetes cases, the
remaining persons were defined as patients with type 2
diabetes (T2D) and only they were included in the study.

Definition of the control group

The control group included patients without history of
chronic diseases. The presence of chronic diseases was iden-
tified based on inpatient and outpatient health service utili-
zation and prescription data from the NHIF between January
1, 2013 and March 3, 2021. The following chronic conditions
were considered: cardiovascular diseases (myocardial infarc-
tion, angina, chronic heartfailure, peripheral vascular disease,
and stroke), DM (type 1 and type 2), immunosuppression
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Average type 2 diabetes mellitus (T2DM) population size by vaccination status used for the vaccine effectiveness

(VE) calculation during the Delta wave (individuals aged 65-100 years).

(immunosuppressive therapy and transplantation), chronic
pulmonary diseases (asthma and chronic obstructive pulmo-
nary diseases (COPD)), neoplasms, and chronic kidney
diseases. The definitions of chronic diseases are presented in
online supplemental table 1. We restricted the age range of
the study population to 45-100 years, taking into account the
age distribution of patients with T2D.

Vaccine effectiveness

VE was defined as 1 minus the incidence rate ratio (IRR)
of the outcome under investigation (ie, either mortality
or infection rate, respectively), thus VE against mortality
and VE against infection were both calculated separately.
Vaccine combinations administered to a minimum of
3000 people by December 31, 2021, or with at least 300
cases from the beginning of the pandemic until December
31, 2021, in Hungary were included in the analysis.
Vaccine combinations were further divided into subcat-
egories based on the time elapsed since their adminis-
tration, namely 14-120, 121-180, and 181-240 days. For
booster vaccinations, only the 181-240 days category was
established for the Pfizer booster vaccine, considering
the limited number of individuals who had received their
booster vaccination more than 240 days earlier or with
other booster vaccine types that met the inclusion criteria
during the Delta wave.

Statistical analysis

Adjusted IRRs with 95% CIs were derived using a mixed-
effect negative binomial regression model, adjusting
for age, sex, history of chronic diseases, and calendar
day. The latter was handled as a random effect. In case
of Pfizer vaccination there were observations in all

categories of the time elapsed since vaccination. We used
the method of variance estimates recovery and obtained
p values from the estimated CI of the ratios of the
adjusted IRRs comparing the different categories to the
category of vaccination within 14-120days.” ** We used
the same method to compare vaccine efficacy in patients
with diabetes and controls. Separate models were used
for two specific age groups (45-64 and 65-100 years).
When trying to form age groups according to decades,
the number of cases and events in individual age groups
limited the statistical analysis. Thus, we separated the
study population according to the Organisation for
Economic Co-operation and Development definition of
elderly population, where the age cut-off lies at 65 years,”
thus cases and controls were divided into non-elderly and
elderly groups.

RESULTS

Majority of the Hungarian population (approx 62%)
has received the primary immunization already by
March 2021 (ie, during the Alpha wave) with different
vaccines.”> During the Delta wave, primary immuniza-
tion was performed mainly using the Pfizer vaccine, thus
the effect estimate for the time window 14-120 days after
primary immunization was only available in sufficient
numbers for only this vaccine during the Delta wave.

Mortality rates in the vaccinated and unvaccinated cohorts
with or without T2DM

COVID-19-related mortality rate was more than 2.68 (95%
CI2.47t02.91) times higher in unvaccinated patients with
T2DM aged 65-100years compared with unvaccinated
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Figure 2 COVID-19-related mortality rate by vaccination status in the Hungarian type 2 diabetes mellitus (T2DM) and control

population aged 65-100 years is shown for illustrative purposes.

controls (crude mortality rate ratio: 21.63/8.07=2.68,
figure 2 is shown for illustrative purposes).

Within 14-120days after primary immunization, the
mortality markedly decreased as compared with the unvac-
cinated population irrespective of the presence of T2DM.
The crude mortality rate ratio comparing vaccinated
and unvaccinated individuals was 0.105 (2.27/21.63) in
the diabetic group and 0.157 (1.25/8.07) in the control
group (figure 2). Similarly, within 120-180days after
Pfizer vaccination, the mortality rate ratio was numer-
ically lower for people with T2DM (0.067) than in the
control group (0.097). Mortality increased 180 days after
vaccination in both the T2DM and the control groups.
Pfizer booster vaccination resulted in a marked lowering
of mortality, more than the level seen at 14-120 days after
the primary vaccination (figure 2).

The other types of primary immunization showed clear
effectiveness similarly, with signs of waning in both study
groups. Pfizer booster vaccination markedly increased
the protection in individuals vaccinated primarily with
Sinopharm vaccine, irrespective of the presence of T2DM
(figure 2).

Crude infection rate ratio in the population aged
65—100years in unvaccinated patients with T2DM versus
unvaccinated controls was 1.96 (1.89-2.05). The crude
mortality rate ratio in the population aged 45-64years
in unvaccinated patients with T2DM versus unvaccinated
controls was 5.99 (5.30-6.76), while crude infection rate
ratio in the population aged 45-64years in unvaccinated
patients with T2DM versus unvaccinated controls was
1.66 (1.61-1.72).

Similar calculations for different timepoints and
vaccines related to crude infection rate in the population

aged 65-100years as well as on crude mortality and
infection rates in the population aged 45-64years have
also been performed and are included in online supple-
mental tables 2-5.

Analysis related to VE, type of vaccine and time since
vaccination

VE against mortality in the population aged 65—100 years

Within 14-120days after the Pfizer vaccine was adminis-
tered, it showed a VE of over 75% (75.4 (95% CI 64.6
to 82.9) in controls and 84.8 (95% CI 77.3 to 89.8) in
patients with T2DM). Regarding mortality, all vaccines
still showed a significant protection at all time intervals
(p<0.001vs unvaccinated for all, online supplemental
table 2, seventh column), although at 181-240days, VE
of the AstraZeneca vaccine was around 65%, while that
of the Sinopharm vaccine was just below 50% (figure 3A
and online supplemental table 2). The waning of the VE
of the Pfizer vaccine could be statistically analyzed, and it
only showed a significant decline at 181-240days, in the
T2DM group (figure 3A and online supplemental table
2, eight column). The Pfizer booster restored the VE to
over 95% in both the primarily Pfizer and Sinopharm-
vaccinated persons; in fact, the Pfizer-on-Pfizer booster
resulted in a significant higher VE than the primary vacci-
nation at 14-120days with VE above 95%. Also, with a
Pfizer-on-Sinopharm booster approach, VE of over 95%
was obtained in both patients with T2DM and controls
(figure 3A and online supplemental table 2).
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Figure 3 Effectiveness of vaccination schemes against COVID-19-related death (A) and against SARS-CoV-2 infection (B) in
individuals aged 65-100 years without chronic diseases and with type 2 diabetes. Adjusted vaccine effectiveness values with
their corresponding 95% Cls are depicted. T2DM, type 2 diabetes mellitus.

VE against SARS-CoV-2 infection in the population aged 65—100
years

We found similar results in relation to SARS-CoV-2 infec-
tion (figure 3B). In general, vaccines were less effective in
preventing SARS-CoV-2 infection than COVID-19-related
death (figure 3A,B, online supplemental tables 2 and 3).
At 14-120days, the Pfizer vaccine showed a VE of more
than 60% in both groups (64.5 (95% CI 59.2 to 69.2)
in controls and 71.6 (95% CI 66.3 to 76.1) in T2DM)
(online supplemental table 3). Most vaccines had a signif-
icant protective effect even 181-240days after vaccina-
tion. The only exception was the Sinopharm vaccine in
controls, where it has lost its protective effect (VE: 1.4
(95% CI -4.4 to 7.0), p=0.62), but not in patients with
T2DM (20.5 (95% CI 14.6 to 26.0), p<0.001). Waning
was much more profound in case of this outcome. As
for the Pfizer vaccine, VE was significantly lower in the
121-180days interval than in the 14-120days interval in
both patients with T2DM and in controls. Yet, VE could
be fully restored using a Pfizer-on-Pfizer booster setting.
Also, in the Pfizer-on-Sinopharm booster setting, a VE of
over 85% could be reached in both patients with T2DM
and in controls (figure 3B and online supplemental table
3).

VE against mortality in the population aged 45—64 years
In general, VE was similar in this age group as compared
with the groups aged 65-100years (figure 4A, online
supplemental table 4). All vaccines maintained a signifi-
cant protective effect at all timepoints (p<0.001vs unvac-
cinated, online supplemental table 4, seventh column).
At 181-240days, Sinopharm and AstraZeneca vaccines
showed a VE of 60-71%, but the effectiveness of the
other vaccines stayed around 80-90% after 180 days of
vaccination. The waning could be analyzed statistically
for the Pfizer vaccine, and the VE showed no significant
decline, not even in the 181-240 days period (p>0.05 for
all periods, online supplemental table 4, eighth column).
Like in the elder age group, the Pfizer-on-Pfizer booster
led to a higher VE than the primary vaccination (online
supplemental table 4, eighth column). The Pfizer-on-
Sinopharm approach reached a VE of more than 90% in
both patients with T2DM or controls (figure 4A, online
supplemental table 4).

VE against SARS-CoV-2 infection in the population aged 45—64
years

As expected, also for this age group, VE for infec-
tion was generally lower as for mortality (figure 4B vs
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figure 4A). The primary vaccination was associated with
a VE of more than 70% (71.2 (95% CI 69.0 to 73.2)
in controls and 75.7 (95% CI 70.9 to 79.7) in patients
with T2DM) (figure 4B and online supplemental table
5). Throughout the different time periods after vacci-
nation, most vaccines still had a significant protective
effect (online supplemental table 5, seventh column),
but at 181-240 days, the VE of the Astra and Sinopharm
vaccines became ineffective (-14.1 (95% CI -20.5 to
-8.1) for the Astra vaccine and -10.4 (95% CI -15.2
to -5.9) for Sinopharm, online supplemental table 5,
sixth and seventh columns). The VE against infection
was generally relatively low in the periods of 121-180
and 181-240days for several vaccines, especially in the
control group. In fact, after 121-180days of vaccina-
tion, VE of nearly all vaccines dropped to or below 50%
(figure 4B and online supplemental table 5).

Pfizer booster restored the VE to more than 85% in the
primarily Pfizer or Sinopharm-vaccinated persons both
with and without T2DM. Also here, the Pfizer-on-Pfizer
booster resulted in a higher VE as compared with the
primary vaccination (figure 4B and online supplemental
table 5).

Comparing VE in patients with T2DM and in controls

By analyzing VE against mortality in the population aged
65—-100years, we found that generally, the vaccines were
equally effective in patients with T2DM and in controls.
In case of the Pfizer vaccine, at 121-180 days, the vaccine
had an even higher VE in patients with T2DM than in
controls. Also, the boosters were equally effective in
patients with T2DM and controls (online supplemental
table 2, ninth column).

With regard to infection against SARS-CoV-2 infection in
the population aged 65—-100years, vaccines were generally
more effective in patients with T2DM as in controls, even
in the times of waning of effect. There was no differ-
ence between the two groups for the Astra vaccine in
the 181-240days period (p=0.25). The Pfizer-on-Pfizer
booster was also more effective in patients with T2DM
as compared with controls (p=0.002). This was not true
for the Pfizer-on-Sinopharm approach, where the VE was
similar in both groups (p=0.48) (online supplemental
table 3, ninth column).

As for VE against mortality in the population aged
45-64 years, the vaccines were equally effective in patients
with T2DM and in controls in most scenarios. Also, the
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Pfizer-on-Pfizer and Pfizer-on-Sinopharm boosters were
equally effective in patients with T2DM and controls
(p=0.91and p=0.93, respectively, online supplemental
table 4, ninth column).

With regard to SARS-CoV-2 infection in the population
aged 45—64years, we found that vaccines were generally
more effective in patients with T2DM as in controls, even
during the times of waning. There was not a statistically
significant difference between the two groups for primary
Pfizer vaccine in the 14-120days period (p=0.086). The
Pfizer-on-Pfizer booster was more effective in patients
with T2DM as compared with controls (p<0.001). This
was not the case for the Pfizer-on-Sinopharm approach,
where the VE was similar in both groups (p=0.28) (online
supplemental table 5, ninth column).

We have to emphasize that, in general, incidence rates
of mortality or infection were equal to or slightly higher
even in the vaccinated T2DM group as in the vaccinated
controls; however, the substantial difference between
unvaccinated patients with T2DM and controls decreased
(online supplemental tables 2-5, column 5).

DISCUSSION

The present work provides nationwide insight into real-
life VE of five different SARS-CoV-2 vaccines (Pfizer,
Moderna, Sputnik, Astra and Sinopharm) in individuals
with diabetes and controls without history of chronic
diseases.

We found that with regard to SARS-CoV-2 infection, VE
was at least as high or even higher for all vaccines and all
timeframes in the people with T2DM than in the controls
in both age groups (figures 3B and 4B and online supple-
mental tables 3 and 5). The results were varying more in
this aspect regarding mortality, in general, vaccines were
equally effective in patients with T2D and controls in
most cases (figures 3A and 4A). Our results in the healthy
control group were in line with the results in the general
population published previously, showing quite some
variability in VE by vaccine type.

Airway infections may be similarly common in people
with and without DM, but data suggest that lower respi-
ratory infections such as pneumonia could be more
common in patients with DM as in non-diabetic controls
(OR for DM1: 1.42, OR for DM2: 1.32).* Specifically for
influenza, DM is associated with a higher frequency and
more severe clinical course, similarly, also mycobacterial
infections may be more frequent and more severe in indi-
viduals with DM.*” Diabetes is also a known risk factor for
SARS-CoV-2 infection as well as worse COVID-19-related
mortality.” ***** In a study from England, obesity itself was
associated with higher COVID-19-related hospitalization
or death even within the vaccinated cohort after adjust-
ment for the presence of DM

However, data of the literature provide much less infor-
mation to what extent SARS-CoV-2 vaccines are effective
in patients with diabetes. To date, research mainly focused
on in vitro, ex vivo or serologic examinations of patients

with diabetes regarding the SARS-CoV-2 vaccines, and the
results are conflicting: some data suggest that the anti-
body response to SARS-CoV-2 or SARS-CoV-2 vaccines
may be weaker in individuals with DM.*>” On the other
hand, other pieces of evidence support the notion that
the immunization due to the infection or vaccination
may be as effective in individuals with and without DM,
especially if tighter glycemic control is achieved.'’ ** %

Liu et al®* presented regional data for a period after
December 2022 (ie, presumably during the Omicron
wave) on patients with T2DM. They obtained VE for
individuals with T2DM only, as there was no non-diabetic
control group involved. In this study, overall, 26916
persons including 6307 unvaccinated ones were included
from a single area in mainland China. The diagnosis of
T2DM relies on the electronic health data system. The
VE was calculated using infection and mortality rates in
vaccinated and unvaccinated patients with T2DM. The
VE results in the T2DM group were 17.6% (-17.1 to 42.0),
69.3% (56.6-78.3) and 88.0% (82.3-91.8) for partially,
fully and booster-vaccinated patients, respectively. The
paper did not present data on the types and percentages
of vaccines used in the region, it only states that vector-
based, recombinant protein-based and inactivated virus-
based vaccines were used. The VE for mortality was age
dependent in the paper by Liu et al. Full vaccination
showed numerically higher VE in the 60-79 years popu-
lation (74.9%) than in the 35-59 years (5.8) or the >80
years group (63.3%). As for the booster shot, the VE was
highest in the 35-59 years group (96.3%), as compared
with the 60-79 years (90.3%) or the >80 years (77.8%)
group.*” Our own data are not directly comparable with
Liu et al, but they indicate a somewhat lower VE in the
65-100 years group as compared with the cohort aged
45-64 years. The efficacy of boosters was similar, yet mini-
mally lower in the elder cohort.

Another paper from Hong Kong® included individuals
with DM (not only T2DM) above the age of 12, patients
were vaccinated using either Pfizer or Coronavac vaccines.
The study was performed during a COVID outbreak
when the Omicron strain was dominating. Persons vacci-
nated between January and March 2022 were involved.
Patients with DM fully vaccinated with a Pfizer vaccine
had a 22.1% protection regarding infection and 90.3%
for mortality. The third dose of the Pfizer booster raised
the VE to 54.2% for infection and to 98.2% for mortality,
respectively.

A recent systematic review provided a good overview of
individual studies regarding VE of SARS-CoV-2 vaccines
in individuals with and without DM. The included studies
were however severely heterogeneous with regard to
inclusion and exclusion criteria, definitions of diabetes
and definitions of the outcomes. Thus, no meta-analysis
could be produced. Also, VE varied a lot across the
studies, even with the same vaccine types. Overall, for
infection, symptomatic illness, hospitalization or death,
VE data were numerically lower for DM individuals
compared with controls, but there were in several cases
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overlapping ClIs. When breakthrough infections were
studied in a dedicated analysis, the OR was significantly
higher in patients with DM compared with controls.**

Our data somewhat contradict this observation, as we
detected a marked protection with SARS-CoV-2 vaccines
also in individuals with T2DM. The different findings
may be related to some factors, such that the vaccines
included in the review were in part different from those in
our study, namely CanSino and Sinovac vaccines are not
available in Hungary; however, Sinopharm and Sputnik
V were analyzed in our cohort, but not in the systematic
review. Also, the definition of diabetes was heterogeneous
in the studies included in the meta-analysis; moreover,
the review states that ‘there was almost no information
on characteristics of persons with diabetes, including
diabetes type and comorbidities such as obesity, renal
disease and cardiovascular disease’.** Thus, we cannot
exclude the possibility that patients with type 1 DM or
other types of DM were included in the studies in the
review. Scientific evidence suggests that immunogenicity
of vaccines against hepatitis A, pneumococcus or diph-
theria could be weaker in patients with type 1 DM versus
controls, also patients with type 1 DM might require more
frequent booster shots for some vaccines.”” In general,
VE in DM1 for other types of infectious agents is poorly
studied and with conflicting results.” Additionally, the
control group in our study was non-diabetic and free
of major important comorbidities such as myocardial
infarction, stroke, COPD, etc, thus it cannot be directly
compared with other studies.

The negative VE, as seen in figure 4B and online supple-
mental table 5 for the Astra and Sinopharm vaccines, has
already been described in the literature for SARS-CoV-2
vaccines***” and can be due to bias or random error. This
means that itis possible that a vaccine lost its effectiveness
against infection after 6 months almost completely, and
by chance the rate of infection happened to be higher in
the vaccinated group. However, vaccine efficacy against
COVID-19-related mortality did not wane that much and
the studied vaccines still provided protection against
death. The negative VE may be due to bias, as well, and
may represent that vaccinated persons behave differently,
they may not stick to infection control measures (such as
isolation rules, wearing of masks, etc), they may also arise
from different testing protocols or from the vaccination
protocols, as in Hungary healthcare workers, elderly and
people with chronic illnesses were included in the first
rounds of primary vaccination and thus had longest time
after vaccination, and also the effect of previous infection
or hybrid immunity caused by infection in a vaccinated
person could be in the background of negative VE.* We
would like to point out that negative VE was only observed
for infection but not for mortality.

We would like to point out that even after vaccination,
incidence rates of mortality or SARS-CoV-2 infection were
slightly higher or equal in the T2DM group as compared
with controls. However, due to the higher VE observed
in patients with T2DM, we could achieve that the initially

striking difference between incidence rates of unvacci-
nated patients with T2DM and controls decreased to a
comparable and sometimes equal level in the two groups.

Strengths of our analysis are its nationwide character,
the inclusion of five different vaccines and the possibility
of analyzing the effect of boosters, as well as waning of
protection.

Limitations of the study include the lack of individual
data on anthropometric parameters, on glycemic param-
eters, as those are not included in the NHIF-NCPHP
database. Furthermore, our results only apply for the
given population in the given timeframe and SARS-CoV-2
strain.

Overall, our data show at least similar or in some cases
even higher grade of protection in people with T2DM
compared with healthy individuals, and support the
approach suggested by Pal et al, that ‘COVID-19 vaccina-
tion ... had to be ... prioritized in individuals with DM’
(modified from ref*®).
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