
OR I G I N A L A R T I C L E

Humoral immune response to COVID-19 vaccination in
diabetes is age-dependent but independent of type of
diabetes and glycaemic control: The prospective COVAC-DM
cohort study

Caren Sourij MD1 | Norbert J. Tripolt PhD2 | Faisal Aziz MSc2 |

Felix Aberer MD2,3 | Patrick Forstner MD4 | Anna M. Obermayer MD2 |

Harald Kojzar BSc2 | Barbara Kleinhappl4 | Peter N. Pferschy MSc2,5 |

Julia K. Mader MD6 | Gerhard Cvirn MD7 | Nandu Goswami MD8 |

Nadine Wachsmuth PhD3 | Max L. Eckstein PhD3 | Alexander Müller MSc2 |

Farah Abbas2 | Jacqueline Lenz2 | Michaela Steinberger2 | Lisa Knoll BSc2 |

Robert Krause MD9 | Martin Stradner MD10 | Peter Schlenke MD11 |

Nazanin Sareban MD11 | Barbara Prietl PhD5 | Susanne Kaser MD12 |

Othmar Moser PhD2,3 | Ivo Steinmetz MD4 | Harald Sourij MD2 | COVAC-DM

study group

1Division of Cardiology, Medical University of

Graz, Graz, Austria

2Interdisciplinary Metabolic Medicine Trials

Unit, Division of Endocrinology and

Diabetology, Medical University of Graz, Graz,

Austria

3Diagnostic and Research Institute of Hygiene,

Microbiology and Environmental Medicine,

Medical University of Graz, Graz, Austria

4Center for Biomarker Research in Medicine

(CBmed), Graz, Austria

5Division of Endocrinology and Diabetology,

Medical University of Graz, Graz, Austria

6Division of Physiological Chemistry, Medical

University of Graz, Graz, Austria

7Division of Physiology, Otto Loewi Research

Center, Medical University of Graz, Graz,

Austria

Abstract

Aims: To investigate the seroconversion following first and second COVID-19 vacci-

nation in people with type 1 and type 2 diabetes in relation to glycaemic control prior

to vaccination and to analyse the response in comparison to individuals without

diabetes.

Materials and methods: This prospective, multicentre cohort study analysed people

with type 1 and type 2 diabetes and a glycated haemoglobin level ≤58 mmol/mol

(7.5%) or >58 mmol/mol (7.5%), respectively, and healthy controls. Roche's Elecsys

anti-SARS-CoV-2 S immunoassay targeting the receptor-binding domain was used to

quantify anti-spike protein antibodies 7 to 14 days after the first and 14 to 21 days

after the second vaccination.

Results: A total of 86 healthy controls were enrolled in the study, as well as

161 participants with diabetes, of whom 150 (75 with type 1 diabetes and 75 with

type 2 diabetes) were eligible for the analysis. After the first vaccination, only 52.7%

of participants in the type 1 diabetes group and 48.0% of those in the type 2 diabetes
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group showed antibody levels above the cut-off for positivity. Antibody levels after

the second vaccination were similar in participants with type 1 diabetes, participants

with type 2 diabetes and healthy controls after adjusting for age, sex and multiple

testing (P > 0.05). Age (r = �0.45, P < 0.001) and glomerular filtration rate (r = 0.28,

P = 0.001) were significantly associated with antibody response.

Conclusions: Anti-SARS-CoV-2 S receptor-binding domain antibody levels after the

second vaccination were comparable in healthy controls and in participants with type

1 and type 2 diabetes, irrespective of glycaemic control. Age and renal function

correlated significantly with the extent of antibody levels.
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1 | INTRODUCTION

After the first occurrence of the SARS-CoV-2 virus causing the coro-

navirus disease (COVID-19) in China in December 2019, the virus has

rapidly spread globally, leading to the declaration of a COVID-19

pandemic in March 2020 by the World Health Organization (WHO).1

Reports from China,2,3 Europe4 and the United States5 demonstrated

that the prevalence of diabetes is as high as 20% in people hospital-

ized for COVID-19. Moreover, diabetes is frequent in people

experiencing a severe or fatal disease course of COVID-19,6 with an

in-hospital mortality reported to be as high as 25% in people with dia-

betes mellitus.7

People with diabetes are therefore usually considered a high-risk

population for experiencing adverse COVID-19 outcomes and, conse-

quently, COVID-19 vaccination is highly recommended in this popula-

tion, leading to prioritization in current vaccination strategies of most

countries.8 Given that a compromised immune response to SARS-

CoV-2 has been discussed as a possible reason for the increased risk

of severe COVID-19 in people with diabetes, there also remains the

question of whether people with diabetes have a reduced immune

response following SARS-CoV-2 vaccinations. While most studies on

hepatitis B vaccination have demonstrated reduced immunogenicity

in people with diabetes,9 data on other vaccinations, including those

against influenza, were mostly inconclusive.9

While phase III studies on both mRNA- and adenovirus-based

COVID-19 vaccines have included people with diabetes and the effi-

cacy rates at least for mRNA vaccines in people with diabetes appear

to be similar to those among their counterparts without diabetes,10-14

data on the characteristics of the included people with diabetes are

sparse. Recently, a study suggested that lower antibody levels are pre-

sent in response to COVID-19 vaccination in people with diabetes.

However, the number of people with diabetes included was limited

and there was no differentiation between type 1 and type 2 diabetes

nor details of the potential impact of glycaemic control prior to receiv-

ing the vaccine.15

The aim of this study, therefore, was to investigate the humoral

immune response and side effects related to COVID-19 vaccines in

people with type 1 and type 2 diabetes in order to elucidate the

impacts of type of diabetes and glycaemic control on antibody

response following COVID-19 vaccinations. Moreover, we aimed to

compare antibody levels to the receptor-binding domain (RBD) of the

SARS-CoV-2 S protein after COVID-19 vaccination in people with

diabetes to healthy, non-diabetes controls.

2 | MATERIALS AND METHODS

The “Immune response to Covid-19 vaccination in people with

Diabetes Mellitus – COVAC-DM” study was a prospective, multi-

centre, real-world, cohort study including 161 individuals with dia-

betes mellitus at two centres in Austria (Medical University of

Graz and Medical University of Innsbruck) and one centre in

Germany (University of Bayreuth). We included adults with type

1 or type 2 diabetes, aged 18 to 80 years, who were diagnosed

with diabetes prior to receiving a COVID-19 vaccine and who were

willing to give written informed consent. The main exclusion

criteria were: active malignancy (excluding intraepithelial neoplasia

of the prostate gland and the gastrointestinal tract and basalioma);

pregnancy; acute inflammatory disease; immunosuppressant ther-

apy; alcohol abuse (more than 15 standard drinks a week); or any

contraindication to the vaccine as well as a previous episode of

COVID-19.

People with established type 1 or type 2 diabetes and planned

COVID-19 vaccination were recruited from outpatient clinics at the

participating sites, from the Graz Diabetes Registry for Biomarker

Research, and through advertisements in local newspapers.

Participants were then classified according to their glycated

haemoglobin (HbA1c) and type of diabetes into one of the four

predefined groups: type 1 diabetes with an HbA1c level ≤58 mmol/

mol (≤7.5%), type 1 diabetes with an HbA1c level >58 mmol/mol
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(>7.5%), type 2 diabetes with an HbA1c level ≤58 mmol/mol (≤7.5%)

and type 2 diabetes with an HbA1c level >58 mmol/mol (>7.5%).

All participants were asked to attend on-site visits 60 to 2 days

prior to their first vaccination, 7 to 14 days after their first vaccination

and 14 to 21 days after their second vaccination. A physical examina-

tion was performed and blood samples were taken. Data on medical

history and medication were collected at baseline and information

about side effects from vaccination including severe allergic reaction,

local injection site reaction (swelling, redness, pain), elevated body

temperature between 37�C and 38�C or body temperature >38�C,

headache, arthralgia, fatigue, or hospitalization within 14 days after

vaccination were recorded at all follow-up visits. Biobank samples

(serum, plasma) are stored at �80�C at Biobank Graz, located at the

Medical University of Graz, for further analysis. Antibody tests were

conducted at the D&F Institute of Hygiene, Microbiology and Envi-

ronmental Medicine at the Medical University of Graz. A CE-marked

serological test was used according to the manufacturer's protocols to

determine and quantify specific antibodies against SARS-CoV-2. Total

immunoglobulin (Ig) was determined using the Roche Elecsys anti-

SARS-CoV-2 S electrochemiluminescence immunoassay targeting the

RBD of the viral spike protein using a Cobas e 801 analytical unit

(Roche Diagnostics GmbH, Mannheim, Germany) with a cut-off for

positivity of 0.8 U/mL. According to Roche's protocol16 no converting

factor is needed to calculate binding antibody units per millilitre,

which were retrospectively established for harmonization of different

assays’ results and are traceable to the WHO international standard

for anti-SARS-CoV-2 Ig.17

In addition, antibody levels, measured 14 to 21 days after the sec-

ond COVID-19 vaccination in a cohort of 86 healthy people, recruited

in a partner study (EudraCT: 2021-001040-10) at the Medical Univer-

sity of Graz, were used for group comparisons.

The study protocol was approved by the ethics committees of the

Medical University of Graz (33-366 ex 20/21) and the Bayerische

Landesaerztekammer (Nr. 21 031) as well as registered at the

European Union Drug Regulation Authorities Clinical Trials registry

(EudraCT-Number 2021-001459-15). The study was conducted

according to the guidelines of Good Clinical Practice and the Declara-

tion of Helsinki. Prior to study inclusion, participants were informed

about all study procedures by a physician and provided written

informed consent.

2.1 | Statistical analysis

Data were extracted in Microsoft Excel and analysed in Stata version

16 and R studio 1.4.1. Categorical variables were summarized as fre-

quencies and percentages (%). Quantitative variables were summa-

rized as means and standard deviations (±SD). Categorical variables

were compared with diabetes groups using chi-squared or Fisher's

exact tests, as appropriate. Quantitative variables were compared

with diabetes groups using one-way analysis of variance tests. Post-

vaccination, side effects were compared between people with type

1 diabetes and type 2 diabetes using chi-squared or Fisher's exacts

tests, as appropriate. Anti-SARS-CoV-2 S antibodies were summarized

as median with interquartile range (IQR). The median anti-SARS-

CoV-2 S antibody levels were compared between diabetes groups

and healthy controls using Kruskal-Wallis tests. These group compari-

sons were adjusted for age and sex using quantile regression and fur-

ther corrected for multiple comparisons using post-hoc Bonferroni

correction, or Wilcoxon's signed-rank test, respectively. The correla-

tion of anti-SARS-CoV-2 S antibodies with quantitative variables was

assessed using the Pearson correlation method. The P value of <0.05

was chosen to indicate statistical significance.

3 | RESULTS

We enrolled 161 participants with diabetes between April and June

2021 in the study, of whom 150 were included in the final analysis

(Figure S1). Two participants withdrew consent, six participants

decided to postpone their vaccination for a longer period after the

baseline visit and three participants had positive anti-SARS-CoV-2

S antibodies at baseline without knowingly having had a COVID-19

episode before. (Figure S1). Seventy-five participants had type

1 diabetes (34 of whom were women) with 49 in the HbA1c ≤58

mmol/mol group and 26 in the HbA1c >58 mmol/mol group. In

addition, 75 participants had type 2 diabetes (34 of whom were

women), with 37 in the HbA1c ≤58 mmol/mol group and 38 in the

HbA1c >58 mmol/mol group. Participants with type 2 diabetes

were older as compared to those with type 1 diabetes

(56.6 ± 9.9 years vs. 41.5 ± 14.5 years; P < 0.001) and had a higher

prevalence of hypertension, hyperlipidaemia, liver disease and poly-

neuropathy (all P < 0.05). Of all participants, 86% received the

BioNTech/Pfizer, 8.7% the Moderna and 5.3% the AstraZeneca

vaccine. Vaccine distribution was similar in all four groups of partic-

ipants with diabetes (P = 0.542). The mean time between the base-

line visit and the first vaccination was 11 ± 13 days. A full list of

the baseline characteristics of all four groups of study participants

is provided in Table 1.

3.1 | Healthy control group

For comparison we used a cohort of 86 healthy participants. Of

these, 49 (57%) were women and the mean age was 48 ± 11.6 years

and the mean body mass index (BMI) 24.2 ± 3.6 kg/m2. In this group,

96.5% received the Moderna and 3.5% the BioNTech/Pfizer vaccine.

All participants in the healthy control group had no detectable anti-

SARS-CoV2-S antibodies pre-vaccination and no history of

COVID-19.

3.2 | Side effects of vaccination

Three cases of hospitalization occurred after the vaccination. One

occurred 24 days after the first vaccination due to peripheral oedema
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TABLE 1 Baseline characteristics (N = 150)

Variables
All

T1DM and

HbA1c >
58 mmol/mol

T1DM and

HbA1c ≤

58 mmol/mol

T2DM and

HbA1c >
58 mmol/mol

T2DM and

HbA1c ≤

58 mmol/mol P value

(N = 150) (N = 26) (N = 49) (N = 38) (N = 37)

Age 49.2 ± 14.5 42.7 ± 14.0 40.8 ± 14.8 56.9 ± 9.6 56.3 ± 10.3 <0.001

Sex, n (%)

Female 68 (45.3) 10 (38.5) 24 (49.0) 20 (52.6) 14 (37.8) 0.491

Male 82 (54.7) 16 (61.5) 25 (51.0) 18 (47.4) 23 (62.2)

BMI, kg/m2 28.7 (5.6) 27.9 (5.1) 24.6 (3.9) 32.7 (5.3) 30.5 (4.5) <0.001

Vaccine, n (%)

BioNTech Pfizer 129 (86.0) 24 (92.2) 40 (81.6) 35 (92.1) 30 (81.1) 0.542

Moderna 13 (8.7) 1 (3.9) 5 (10.2) 3 (7.9) 4 (10.8)

AstraZeneca 8 (5.3) 1 (3.9) 4 (8.2) 0 (0.0) 3 (8.1)

Duration of diabetes 16.0 ± 12.0 23.6 ± 13.6 18.1 ± 12.9 13.5 ± 9.4 10.6 ± 8.5 <0.001

Diabetes therapy, n (%)

Insulin 104 (69.3) 26 (100.0) 48 (98.0)a 21 (55.3) 9 (24.3) <0.001

Metformin 56 (37.3) - - 28 (73.7) 28 (75.7) 0.843

DPP-4 inhibitors 19 (12.7) - - 12 (31.6) 7 (18.9) 0.208

SGLT2 inhibitors 27 (18.0) - - 16 (42.1) 11 (29.7) 0.264

GLP-1RAs 15 (10.0) - - 8 (21.1) 7 (18.9) 0.817

Comorbidity

Hypertension, n (%) 66 (44.0) 7 (26.9) 9 (18.4) 25 (65.8) 25 (67.6) <0.001

Coronary heart disease, n (%) 14 (9.3) 1 (3.9) 2 (4.1) 6 (15.8) 5 (13.5) 0.160

Myocardial infarction, n (%) 7 (4.7) 0 (0.0) 1 (2.0) 4 (10.5) 2 (5.4) 0.209

Stroke, n (%) 5 (3.3) 1 (3.9) 0 (0.0) 3 (7.9) 1 (2.7) 0.169

Heart failure, n (%) 4 (2.7) 0 (0.0) 1 (2.0) 2 (5.3) 1 (2.7) 0.830

PAD, n (%) 10 (6.7) 0 (0.0) 2 (4.1) 4 (10.5) 4 (11.1) 0.232

PTCA/CABG, n (%) 7 (4.7) 0 (0.0) 1 (2.0) 3 (7.9) 3 (8.1) 0.327

CVD, n (%) 15 (10.0) 1 (3.9) 2 (4.1) 6 (15.8) 6 (16.2) 0.111

Hyperlipidaemia, n (%) 70 (46.7) 11 (42.3) 12 (24.5) 25 (65.8) 22 (59.5) <0.001

Liver disease, n (%) 23 (15.3) 1 (3.9) 1 (2.0) 9 (23.7) 12 (32.4) <0.001

History of cancer, n (%) 8 (5.3) 2 (7.7) 0 (0.0) 2 (5.3) 4 (10.8) 0.083

Microvascular complications

Retinopathy, n (%) 21 (14.0) 7 (26.9) 6 (12.2) 5 (13.2) 3 (8.1) 0.215

Polyneuropathy, n (%) 29 (19.3) 3 (11.5) 3 (6.1) 15 (39.5) 8 (21.6) 0.001

Laboratory values

HbA1c, mmol/mol 56.7 ± 12.5 67.9 ± 9.8 49.3 ± 6.7 67.8 ± 9.3 47.5 ± 6.9 <0.001

eGFR, mL/min/1.73m2 92.5 ± 20.9 96.3 ± 26.5 101.5 ± 17.5 80.6 ± 18.9 89.6 ± 15.9 <0.001

HDL cholesterol, mmol/L 1.51 ± 0.50 1.63 ± 0.57 1.79 ± 0.44 1.22 ± 0.34 1.37 ± 0.47 <0.001

LDL cholesterol, mmol/L 2.36 ± 0.88 2.46 ± 0.84 2.43 ± 0.75 2.2 ± 0.95 2.38 ± 1.02 0.633

Triglycerides, mmol/L 1.32 ± 1.14 1.13 ± 0.53 2.01 ± 1.88 0.89 ± 0.35 1.3 ± 0.74 0.121

Note: Qualitative variables are presented as frequencies and percentages (%). Quantitative variables are presented as means and standard deviations (±SD).

Chi-squared or Fischer’s exact tests were applied to compare qualitative variables with diabetes groups. One-way analysis of variance tests were applied

to compare quantitative variables with diabetes groups.

Abbreviations: CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase-4; GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated

haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAD, peripheral artery disease; PTCA, percutaneous transluminal coronary

angiography, CABG, coronary artery bypass graft; SGLT2, sodium glucose cotransporter-2; T1DM, type 1 diabetes; T2DM, type 2 diabetes.
aOne participant was recently diagnosed with type 1 diabetes and off insulin at the time of enrolment (honeymoon period).
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and chronic heart failure; chronic heart failure was a preexisting con-

dition in this patient. The second hospitalization took place 12 days

after the second vaccination due to atrioventricular block grade 3 with

subsequent pacemaker implantation, and the third hospitalization

occurred due to a miscarriage after 10 weeks of pregnancy. Concep-

tion was estimated at 2 weeks after the first vaccination. No cases of

severe allergic reactions were recorded throughout the study. The

most common side effects were injection site reactions, occurring in

87.4% of all participants after the first and 63.3% after the second

dose, with a significantly lower rate in people with type 2 diabetes at

the latter vaccination. Fever was rarely reported in any of the groups

(for a detailed overview see Figure 1).
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F IGURE 1 Side effects after vaccination, overall and by type of diabetes: A, after vaccination 1 and B, after vaccination 2. T1DM, type
1 diabetes; T2DM, type 2 diabetes
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3.3 | Antibody response

At 7 to 14 days after the first vaccination, 52.7% of the participants

with type 1 diabetes and 48.0% of those with type 2 diabetes had

anti-SARS-CoV2-S RBD antibodies above the detection limit of 0.8,

with low median levels of 1.1 (IQR 8.1) and 0.3 (IQR 2.4), respectively.

When we analysed the antibody data measured after the second vac-

cination, we first pooled the two groups of participants with type

1 diabetes and the two groups of participants with type 2 diabetes

(HbA1c ≤58 mmol/mol and >58 mmol/mol), respectively, and com-

pared these against the healthy controls. In the unadjusted analyses

we observed the highest antibody levels after second vaccination in

people with type 1 diabetes (P = 0.022 vs. healthy controls and

P = 0.013 vs. people with type 2 diabetes). However, these significant

differences were no longer present after adjustment for age, sex and

correction for multiple comparisons (Figure 2A).

In addition, we investigated the impact of type of diabetes and

glycaemic control on antibody response after COVID-19 vaccination. In

the group comparison corrected for multiple comparisons only, people

with type 1 diabetes and an HbA1c ≤58mmol/mol had no statistically sig-

nificant different antibody levels as compared to people with type 1 diabe-

tes and an HbA1c >58 mmol/mol (P = 0.249). In comparison to

participantswith type 2 diabetes, thosewith type 1 diabetes and anHbA1c

≤58 mmol/mol had significantly higher antibody levels (P= 0.034 for type

2 diabetes and HbA1c ≤58 mmol/mol and P = 0.003 for type 2 diabetes

and HbA1c >58 mmol/mol, respectively). After adjusting for age and sex

and correcting for multiple comparisons, a significant difference between

the groups was no longer observed (Figure 2B). The results did not change

after also adjusting for BMI and estimated glomerular filtration rate (eGFR;

no significant difference between the glycaemic groups) (Figure 3).

We also performed a sensitivity analysis by using an HbA1c of

53 mmol/mol (7.0%) as the cut-off for the glycaemic groups. In the age- and

sex-adjusted quantile regression analysis for the entire diabetes group (type

1 and type 2 diabetes together) the HbA1c category was not a predictor of

anti-SARS-CoV2-S antibody levels (P = 0.535). Likewise, when comparing

the antibody levels of the newly formed four groups (type 1 diabetes with

an HbA1c <53 mmol/mol and type 1 diabetes with an HbA1c ≥53 mmol/

mol and type 2 diabetes with an HbA1c <53 mmol/mol and type 2 diabetes

with an HbA1c ≥53 mmol/mol), no significant difference between the

groups was observed when adjusted for age and sex (all P > 0.1). In people

with type 2 diabetes, insulin treatment was not associated with the antibody

response observed in adjusted quantile regression analysis (P= 0.165).

3.4 | Clinical characteristics and antibody response

We pooled all participants with diabetes to perform correlation analyses,

in which age was moderately to strongly correlated with anti-SARS-

CoV-2 S RBD antibody levels (r = �0.45, P < 0.001), an association that

was more pronounced in participants with type 1 diabetes (�0.53,
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F IGURE 2 A, Comparison of anti-SARS-CoV-2-S antibodies between participants with diabetes and healthy controls after the second
vaccination. B, Comparison of anti-SARS-CoV-2-S antibodies in people with type 1 (T1DM) and type 2 diabetes (T2DM) and a glycated
haemoglobin (HbA1c) level of ≤58 mmol/mol or >58 mmol/mol, respectively. P values are adjusted for age and sex using quantile regression and
for multiple comparison using Bonferroni correction
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P < 0.001) than in those with type 2 diabetes (r = �0.20, P = .087). eGFR

was also directly associated with levels of anti-SARS-CoV-2 S RBD anti-

bodies (r = 0.28, P = 0.001), while no correlation was observed with

either HbA1c levels at baseline (r = �0.07, P = 0.398) or with changes of

HbA1c levels between baseline and the follow-up visit after the second

vaccination (r = 0.06, P = 0.509) as a measure of change in glycaemic

r=−0.45, P<0.001
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F IGURE 3 Correlation plots for selected clinical characteristics. eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; r,
Pearson’s correlation coefficient. P values are for Pearson’s correlation
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control between the vaccinations. BMI was weakly and inversely corre-

lated with humoral immune response (r = �0.18, P = 0.027). Gender and

diabetes duration had no impact on the antibody response.

If participants developed an elevated body temperature (>37.0�C)

after the second vaccination, the antibody response appeared to be

more pronounced (P = 0.036) as compared to in those without such

an increase in body temperature (Figure S3).

4 | DISCUSSION

This study demonstrated that people with type 1 and type 2 diabetes

display a humoral immune response to COVID-19 vaccination, mea-

sured according to SARS-CoV-2 S RBD antibodies, that is comparable

to that of healthy controls. While unadjusted analyses suggested

higher antibody levels in people with type 1 diabetes and an HbA1c

≤58 mmol/mol, no significant difference persists after adjustment for

age, sex and correction for multiple comparisons. Our correlation ana-

lyses also suggest that age and eGFR are predictors for antibody

levels after COVID-19 vaccination, while HbA1c levels are not.

These study results are in contrast to a recently published observa-

tional study (CAVEAT study) that demonstrated a lower antibody

response to COVID-19 vaccination in people with type 2 diabetes hav-

ing an HbA1c above 53 mmol/mol (7.0%).18 Although we predefined a

cut-off of 58 mmol/mol (7.5%) for this analysis, the mean HbA1c levels

observed in our cohort in the two groups are comparable to those in

the CAVEAT study. When we analysed our data using an HbA1c cut-

off of 53 mmol/mol (7.0%) the results remained unchanged.

One explanation for the divergent results might be that the

CAVEAT study used the GenScript SARS-CoV-2 surrogate virus neu-

tralization test while in this study we used the Roche Elecsys anti-

SARS CoV-2 S assay targeting the RBD. However, in direct compari-

son studies, both assays have demonstrated good correlation with

each other, with an agreement rate of approximately 90%.19

Our study suggests that age is a major determinant of

humoral immune response to a COVID-19 vaccination. This is in

agreement with previous studies showing that elderly people not

only exhibit a lower antibody response to different types of vac-

cines such as diphtheria, hepatitis A, hepatitis B, pneumococcal

polysaccharide vaccine, tick-borne encephalitis, tetanus or triva-

lent influenza vaccine, they also display a more rapid waning of

antibodies.20

In addition, the eGFR in our study was directly associated with

the level of anti-SARS-CoV-2 S antibodies. This is in line with previous

data demonstrating that seroconversion rates after HBV vaccination

decreases with lower kidney function from 95% in healthy subjects to

40% to 50% in people with CKD stages 3 to 4.21

As in studies with hepatitis vaccines,22 we were also able to show

a significant inverse association of BMI with anti-SARS-CoV-2 S RBD

antibodies. However, in contrast to the hepatitis vaccination study,

the correlation in our dataset was rather weak (r = �0.19, P = 0.027).

Also, no correlation was found with diabetes duration in our study

(r = �0.06, P = 0.495).

This study has some limitations. We aimed to recruit 40 partici-

pants into each subgroup of people with diabetes, a number which,

despite large efforts, was not reached for those with type 1 diabetes

and an HbA1c >58 mmol/mol. In addition, in this study we focused on

the humoral immune response against the RBD of the spike protein

only and did not further investigate the cellular immune response

after the vaccination. However, previous studies have shown that

neutralizing antibody levels are highly predictive of immune protec-

tion from symptomatic SARS-CoV-2 infections.23 Although a number

of studies have demonstrated that the widely used Roche Elecsys

anti-SARS-CoV-2 S immunoassay correlates with neutralizing anti-

SARS-CoV-2 antibody assays,24-27 we cannot completely exclude the

possibility that results with other assays measuring directly neutraliz-

ing activity would differ in our cohorts.

As our study is still ongoing, with follow-up visits planned before and

after a potential 3rd vaccination and/or 12 months after the baseline

visit, data on cellular immune response will be available at future visits.

Another limitation of our study is that 142 participants (94.6%)

received an mRNA-based vaccine. However, since we performed a

real-world cohort study within the setting of the national vaccination

strategy of Austria and Germany, the observed distribution of vac-

cines represents the actual distribution in these countries in people

with diabetes. Moving forward, in Austria only the mRNA-based vac-

cine is available for the third vaccination. We would like to note the

further limitation, that in the healthy control group, 96.5% received

the Moderna vaccine, while 86% of the participants with diabetes

received the BioNtech-Pfizer and only 8.6% the Moderna vaccine.

Previous studies in other cohorts showed that there appears to be a

difference in the immune response between the two mRNA vaccines,

with Moderna leading to higher antibody levels.28,29 However, people

in the healthy control group were not found to have higher anti-

SARS-CoV2-S antibody levels in our study, despite this potential bias.

The COVAC-DM study demonstrated similar humoral immune

response to COVID-19 vaccination in people with type 1 and type

2 diabetes and healthy controls when results were adjusted for age,

which, together with renal function, had a significant impact on anti-

body response in our study cohort. Additional information on cellular

immune response and further follow-up of participants in our and

other clinical trials will help to clarify the full picture regarding vacci-

nation effects and trajectories of antibody levels after COVID-19 vac-

cination in people with diabetes and to provide more specific

definitions of re-vaccination intervals depending on patient

characteristics.
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