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Abstract

Introduction: Diabetes mellitus worsens the prognosis of SARS‐CoV‐2 infection,

and vaccination has been the major tool for reducing the risk of hospitalisation, and

mortality.

The primary aim of this study was to evaluate the response to the SARS‐CoV‐2
vaccine in subjects with diabetes and controls. Differences between type 1 (T1D)

and type 2 (T2D) diabetes and clinical determinants of vaccination response were

also evaluated.

Methods: 128 subjects with diabetes (60 with T1D and 62 with T2D) and 202

subjects acting as controls who completed a full vaccination cycle with two doses of

mRNA vaccine were enroled. People with previous SARS‐CoV‐2 infection were

excluded. Antibodies (Ab) directed against the spike protein of the SARS‐CoV‐2
were evaluated at one and 6 months after vaccination.

Results: In the whole cohort, the Ab level was higher among women than in men

(p = 0.011) and negatively correlated with age (rho = −0.155, p = 0.005). Subjects

with diabetes showed decreased levels of Ab after one month compared to controls

(1217[747–1887]BAU/mL vs. 1477[942–2556]BAU/mL, p = 0.002), even after

correction for age and gender (p = 0.002). No difference was found between sub-

jects with T1D and T2D. After 6 months, antibody levels significantly decreased in

people with and without diabetes, with no differences between groups, although

some subjects were lost at follow‐up. In subjects with diabetes, only a significant

correlation was found between Ab level and renal function (rho 0.190, p = 0.042).

Conclusions: Both T1D and T2D are associated with a reduced early response to

vaccination. The serum concentration of Ab significantly reduced over time in both

groups, highlighting the relevance of vaccination boosters independently of the

presence of diabetes.
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1 | INTRODUCTION

After its breakdown in late 2019, Severe Acute Respiratory Syn-

drome Coronavirus‐2 (SARS‐CoV‐2) infection leading to Covid‐19
has been a major burden for healthcare systems and society

worldwide.

Covid‐19 has proven to be a heterogeneous disorder that can

cause an extremely severe disease leading to exitus if not supported

by intensive care management. Diabetes is one of the most important

negative prognostic factors in patients with Covid‐19.1,2 Patients

with diabetes have an increased risk of negative outcomes such as

the need for invasive ventilation, intensive care unit admission, or

death.3 Several factors have been proposed to explain the increased

risk of negative outcomes observed among subjects with diabetes,

such as the presence of a pro‐inflammatory milieu and obesity1 or the
role of the so‐called “cytokine storm”.4 Further, contrasting data have
been gathered on the capability of subjects with diabetes to develop

an appropriate immune response after SARS‐CoV‐2 infection.5,6

The development and administration of large‐scale SARS‐CoV2
vaccines have been a turning point in the management of Covid‐
19.7,8 Nevertheless, impaired response to vaccination in subjects

with diabetes has been reported9 and poor glycaemic control seems

to be a detrimental risk factor in this regard.10

Therefore, the aim of this study was to assess differences in

response to SARS‐CoV‐2 vaccination, in terms of SARS‐CoV‐2 anti‐
spike antibodies (Ab), in the short (1 month) and medium

(6 months) terms after the vaccination with two doses of mRNA

vaccine between patients with and without diabetes. As secondary

aims, we evaluated the differences in SARS‐CoV‐2 Ab levels between
people with type 1 (T1D) and type 2 diabetes (T2D) and searched for

determinants that could affect SARS‐CoV‐2 Ab levels in patients with
diabetes.

2 | MATERIALS AND METHODS

2.1 | Study design and population

This longitudinal observational study was a collaboration between

the Diabetes Unit at Umberto I Policlinico General Hospital, Sapienza

University in Rome and the Laboratory Unit of Fondazione Campus

Bio‐Medico University Hospital in Rome. Subjects with diabetes were

enroled in the outpatient clinics of the Diabetes Units between April

and June 2021, after the vaccination of fragile patients promoted by

the Health Ministry in Italy. Healthy subjects were enroled amongst

health care professionals in both centres between January and

February 2021. All subjects underwent vaccination with BNY162b2

(Pfizer/BioNTech) mRNA vaccine, the only available mRNA vaccine at

the time of enrolment of subjects in both Hospitals, for both subjects

with and without diabetes.

Subjects with the following conditions were excluded: previous

SARS‐CoV‐2 infection, presence of any type of immunodeficiency,

haematologic malignancies, cancers undergoing active treatment,

long‐term corticosteroid therapy (more than 3‐month time), use of

vaccines other than BNY162b2 (Pfizer/BioNTech), or administration

of only one dose of mRNA vaccine. For the control group, subjects

with diabetes or a previous history of gestational diabetes were

excluded.

2.2 | Study procedures

After 1 month (�7 days) from the second dose of vaccine against

SARS‐CoV‐2, a blood sample was collected from each participant. An

additional sample was collected after 6 months (�14 days) from the

date of the second dose of vaccine against SARS‐CoV‐2. Subjects
with diabetes who received a booster (third) dose of vaccine before

the 6‐month period were excluded from the analysis at the 6‐month
time, but they were included for the analysis at 1 month. Overall, 128

subjects with diabetes (60 with T1D and 68 with T2D) were enroled

and 202 subjects without, after six months we were able to follow up

77 subjects with diabetes (31 with T1D and 46 with T2D) and 119

subjects without diabetes.

Anti‐spike Ab was evaluated on previously collected sera by

using the Abbott SARS‐CoV‐2 IgG II Quant kit on ARCHITECT

i2000SR immunoassay analyser (Abbott). It quantifies IgG immu-

noglobulins directed against the receptor‐binding domain of the

S1 subunit of the Spike protein of SARS‐CoV‐2 by chemilumi-

nescent microparticle immune assay. The test sensitivity (PPA,

positive per cent agreement) and confidence interval (CI) 95%

were 98.81% (93.56, 99.94) for samples collected after at least

15 days from the polymerase chain reaction detection of

SARS‐CoV‐2, while specificity (NPA, negative percent agreement)

and (CI) 95% of the test were 99.55% (99.15, 99.76) (Abbott).

The results of the assay were expressed in binding Ab units

per mL (BAU/mL) according to the World Health Organization

standards.

For subjects with diabetes, demographic information and bio-

metric parameters (weight, height, and body mass index (BMI), type

of diabetes, duration of diabetes, biochemical parameters (fasting

blood glucose and HbA1c) and information on comorbidities and/or

complications of diabetes at the time of enrolment were also

collected, as shown in supplementary table 1.

Subjects with diabetes were further divided into sub‐groups
taking into account hypoglycaemic therapy (insulin, metformin,

SGLT2i and GLP1‐RA), presence of microvascular complications

(presence of at least one among diabetic nephropathy, neuropathy, or

retinopathy) presence of macrovascular complications (presence of

at least one among coronary artery disease, peripheral arterial dis-

ease or stroke), presence of obesity (based on a cut‐off of BMI

>30 kg/m2), hypertension, or other autoimmune diseases, and finally

smoking habit.

Side effects following vaccination were also collected: fever,

myalgia, headache, pain at the injection site, and fatigue.
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2.3 | Statistic and ethics

At the time of study design, without any published data on Ab

response in patients with diabetes, a priori sample size evaluation

was performed using the software G*power version 3.1.9.2. In

order to achieve reliable results on the difference in Ab after one

month of vaccination, we decided to use a medium effect size of

0.5 (r), then setting α = 0.05 and β = 0.10 (power of 90%), the

sample size required to identify a significant difference between

subjects with and without diabetes was 86 patients per group.

Considering a drop‐out of 10%, a total of 95 subjects per group

had to be enroled. Considering the intention to extend the study

to 6 months, the secondary aims of the study, and the high vari-

ability of the disease that could hamper the follow‐up evaluation,

we decided to increase the number of subjects enroled to all

people who agreed to participate. Descriptive statistics are pre-

sented for categorical variables as numbers with proportions, and

for continuous variables as appropriate measures of central ten-

dency and dispersion. Normality was tested with the Shapiro‐Wilk

test. T‐test and ANOVA and Mann‐Whitney and Kruskall‐Wallis

were used to analyse differences between groups for parametric

and nonparametric continuous variables, respectively. Differences

between basal and follow‐up levels of anti‐spike Ab in the different

groups of patients were tested using the paired T‐test for

continuous variables with parametric distribution, while the Wil-

coxon matched test was used for non‐parametric variables. Cate-

gorical variables were compared with a χ2 or Fisher's exact test as

appropriate.

The study was performed in accordance with the Declaration of

Helsinki, and the study procedures were approved by the institutions'

ethics committees (ref. 6382, prot 0539/2021).

3 | RESULTS

Overall, 128 subjects with diabetes (male 56.3%) and 202 controls

(male 40.1%) were enroled in the study. Amongst people with dia-

betes, 60 subjects had T1D (47%) and 68 subjects had T2D (53%).

Controls were younger compared to people with diabetes (respec-

tively—median [IR]: 37 [29–44] years vs. 54 [36–61] years).

In the whole population, women showed increased levels of Ab

after one month of complete vaccination when compared with men

(respectively 1495 [939–2457] BAU/mL vs. 1255 [856–2064] BAU/

mL, p = 0.011). Moreover, a significant negative correlation was

found between age and Ab levels (rho = −0.155, p = 0.005) in all

subjects.

When comparing people with diabetes and controls, the former

showed decreased levels of Ab after one month of complete vacci-

nation (1217 [747–1887] BAU/mL vs. 1477 [942–2556] BAU/mL,

p = 0.002), even after correction for age and gender (p = 0.002),

Figure 1. No significant difference was found between subjects with

T1D and T2D (1254 [861–1887] BAU/mL vs. 1156 [656–1944] BAU/

mL, respectively, p = 0.569), Figure 2.

After 6 months a significant drop in Ab levels was observed in

both people with diabetes and controls. Specifically, among people

with diabetes Ab levels decreased from 1217 [747–1887] BAU/mL at

month 1–154 [96–264] BAU/mL at month 6 (p < 0.001), and in

subjects without diabetes from 1477 [942–2556] BAU/mL at month

1–185 [130–303] BAU/mL at month 6 (p < 0.001), Figure 3. The

median absolute reduction in Ab levels over time did not differ be-

tween people with diabetes and controls (delta Ab: 1228 [673–1894]

BAU/mL vs. 1208 [812–2123] BAU/mL, p = 0.252), Figure 4. How-

ever, since people with diabetes had a lower Ab response after

F I GUR E 1 Differences in anti‐spike Ab between subjects with

diabetes (DM) and without diabetes (CNT)

F I GUR E 2 Differences in anti‐spike Ab between subjects with
T1D and T2D
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1 month, this resulted in significantly lower Ab levels after six months

also (154 [96–264] BAU/mL vs. 185 [130–303] BAU/mL, p = 0.025).

People with T1D and T2D did not differ in terms of Ab reduction

(respectively 1128 [786–1985] BAU/mL vs. 1180 [558–1762] BAU/

mL, p = 0.486).

Among people with diabetes, Ab levels were at 1 month not

related to HbA1c, fasting blood glucose, or body weight (data not

shown). A significant correlation was found between Ab levels at

1 month and renal function in subjects with diabetes. In particular, Ab

levels were higher among subjects with increased eGFR (rho 0.190,

p = 0.042).

Further, no differences in Ab level at 1 month were observed

dividing subjects with diabetes hypoglycaemic therapy based on the

presence or absence of micro‐ or macro‐vascular complications,

presence of obesity, hypertension, other autoimmune diseases, and

smoking habit (data not shown).

Finally, patients who reported at least one sign or symptom after

the second dose of the vaccine showed an increased level of Ab at

one month compared to subjects who did not report any side effects

(1404 [855–2000] BAU/mL vs. [1023 [458–1498] BAU/mL.

p = 0.037).

At 6 months, no subject has been diagnosed with SARS‐CoV‐2
infection, both in subjects with diabetes and in controls, proving

the efficacy of the vaccine against SARS‐CoV‐2 infection. Only two

subjects with diabetes were excluded by the analysis at 6 months due

to higher Ab levels compared to 1 month time, even if they did not

report any documented infection.

4 | DISCUSSION

This longitudinal study showed an impaired response to SARS‐CoV‐2
vaccination, in terms of anti‐spike Ab serum levels, in people with

diabetes compared with those without, with no differences between

T1D and T2D. We also confirmed that Ab levels significantly

decreased 6‐months after the second vaccination dose. This reduc-

tion was similar among people with diabetes and controls; people

with diabetes also maintained lower Ab levels 6 months after

vaccination.

We also confirmed the role of gender and age in the develop-

ment of anti‐spike Ab, in particular the increased levels of Ab in fe-

male subjects, according to previous studies.11–13 The findings in the

whole cohort of subjects enroled also confirmed that age is a relevant

determinant of humoural response to SARS‐CoV‐2 vaccination.14,15

The role played by age in vaccination response is well known both for

antibody response and in terms of antibody persistence over time.16

This study was one of the few that collected data on both sub-

jects with T1D and T2D, adding novel findings on this topic for di-

abetologists. In particular, we were able to show that an impaired

response to vaccination was present for both T1D and T2D subjects

without major differences between them, even if there was a sig-

nificant difference in age between the two groups of subjects. To our

F I GUR E 3 Differences in 6‐month levels
of anti‐spike Ab in subjects with and without

diabetes (CNT)

F I GUR E 4 Comparison between delta anti‐spike Ab (1 month
value—6 month value) between subjects with diabetes (DM) and
without diabetes (CNT)
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knowledge, comparisons between T1D and T2D were analysed only

in the COVAC‐DM study. After the first dose of vaccine, the authors

did not find any difference between T1D and T2D subjects; instead,

they found a significant difference after 3 weeks from the second

dose of vaccine, but the difference was not significant after correc-

tion for age and gender.15 Further, this was one of the first studies

that demonstrated the same reduction of Ab between subjects with

T1D and T2D at the 6‐month period, even if some people were lost at
follow‐up.

An impaired immunological response in subjects with T1D was

also confirmed by the recent data gathered by D’Addio F. and Sabiu

G. et al., showing a compromised cellular cytotoxic immune response

after administration of mRNA vaccine for SARS‐CoV‐2 in T1D sub-

jects compared to healthy controls17; however, data were collected

after the second dose of vaccine with a short follow‐up. Neverthe-
less, it is relevant to highlight that the vaccination in subjects with

T1D was safe in terms of local and systemic side effects17 and in

terms of glucose control in the short time after vaccine

administration.18

Previous studies suggested that cellular and humoural re-

sponses to vaccination could be influenced by glycaemic control.10

In particular, in a study conducted on healthy workers in Japan,

diabetes was associated with a reduced level of anti‐spike Ab, and

HbA1c > 6.5% further impaired the immune response.19 Addition-

ally, in the CAVEAT study, subjects with type 2 diabetes with an

HbA1c >7% showed a reduced response to the vaccine 21 days

after the second vaccination.20 In our study, we did not find any

correlation between glycaemic control, in terms of both fasting

blood glucose and HbA1c, with Ab levels; the same neutral findings

were also observed in the COVAC‐DM study,15 leaving an open

question about the relationship between glycaemic control and

response to the vaccine. Moreover, observing the median HbA1c of

subjects enroled, the good glycaemic control at baseline for both

T1D (7.6 [7.0–8.6]%) and T2D (6.9 [6.3–7.6]%), could also explain

the neutral findings, limiting the detrimental effect of hyper-

glycaemia. Further studies should investigate the relationship be-

tween glucose levels and the long‐term vaccination response to

understand how blood glucose impacts vaccine response and

thereby understand how relevant blood glucose management could

be in terms of vaccination response to maximise the protective

effect of vaccination in people with diabetes.

Interestingly, a positive correlation was found between eGFR

and anti‐spike Ab in subjects with diabetes; this evidence is sup-

ported by the same findings of the COVAC‐DM study.15 Indeed, a

reduction in kidney function could be related to the reduced effi-

cacy of the SARS‐CoV‐2 vaccine,21,22 but the same was also

observed for other vaccination.23 Considering that the presence of

chronic kidney disease is also associated with hospitalisation for

Covid‐19 in subjects with DM2,24 further studies are needed to

evaluate the efficacy of SARS‐CoV‐2 vaccination in people with

impaired kidney function. Moreover, we did not find any impact of

features related to diabetes management, in particular hypo-

glycaemic therapy or of the presence of micro‐ and macro‐vascular
complications, with the vaccine response in subjects with diabetes.

This suggests no relevant impact of chronic management of dia-

betes on the ability of the immune system to develop Ab after

vaccination. Although this was one of the secondary aims of the

study, no conclusive interpretation could be drawn in the absence

of proper studies designed with this specific aim.

Further, in line with evidence from the COVAC‐DM study,15

increased levels of anti‐spike Ab were reported in subjects who re-

ported side effects of vaccination, suggesting that a more robust

immune activation, clinically expressed in terms of side effects, is

associated with a greater response in terms of anti‐spike Ab.

Finally, a contrasting conclusion could be drawn about the rela-

tionship between anti‐spike Ab and weight. Our study, similar to a

large study conducted on healthy subjects,12 did not show any rela-

tionship between weight or BMI and anti‐spike Ab level, in contrast

to Watanabe M. et al.25

Strengths of this study include the relatively large cohort of

subjects with and without diabetes, the comparison between

different forms of diabetes (T1D and T2D) and the longitudinal study

design with a 6‐month follow‐up, which allowed us to observe and

compare for the first time the trajectory of anti‐spike Ab levels in

people with and without diabetes. However, on the other side, the

number of people lost at follow‐up was one of the major limitations

of the study, which could hamper the interpretation of the results

obtained at 6 months. Further prospective studies, with specific

sample size evaluation, should be designed to evaluate the trajectory

of anti‐spike Ab levels over time and over booster of vaccine to

evaluate the differences between subjects with and without diabetes

over time.

The study should however be interpreted in the light of some

limitations, in addition to the previously stated, another limitation

was the lack of anthropometric and biochemical data for the group of

people without diabetes.

In conclusion, our study showed a reduced response to vacci-

nation in people with diabetes after 1 month and a significant

reduction over time of anti‐spike Ab, without difference between

people with T1D and T2D. These data could be carefully considered

to plan future vaccination campaigns in order to protect people with

diabetes from the development of the severe form of Covid‐19 dis-

ease. Additional studies are also needed to better clarify the role of

glycaemic control in response to vaccination.
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