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ABSTRACT

Introduction: Since early 2020 the whole world
has been challenged by the SARS-CoV-2 virus
(COVID-19), its successive variants and the
associated pandemic caused. We have previ-
ously shown that for people living with type 2
diabetes (T2DM), the risk of being admitted to
hospital or dying following a COVID-19 infec-
tion progressively decreased through the first
months of 2021. In this subsequent analysis we
have examined how the UK COVID-19 vacci-
nation programme impacted differentially on
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COVID-19 outcomes in people with TIDM or
T2DM compared to appropriate controls.
Methods: T1DM and T2DM affected individu-
als were compared with their matched controls
on 3:1 ratio basis. A 28-day hospital admission
or mortality was used as the binary outcome
variable with diabetes status and vaccination for
COVID-19 as the main exposure variables.
Results: A higher proportion of T1DM indi-
viduals vs their controls was found to be vacci-
nated at the point of their first recorded positive
COVID-19 test when compared to T2DM indi-
viduals vs their controls. Regarding the 28-day
hospital admission rate, there was a greater and
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increasing protective effect of subsequent vac-
cination dosage (one, two or three) in mitigat-
ing the effects of COVID-19 infection versus no
vaccination in T1DM than in T2DM individuals
when compared with matched controls. Similar
effects were observed in T2DM for death. Across
both diabetes and non-diabetes individuals,
those at greater socio-economic disadvantage
were more likely to test positive for COVID-19
in the early phase of the pandemic. For T2DM
individuals socio-economic disadvantage was
associated with a greater likelihood of hospital
admission and death, independent of vaccina-
tion status. Age and male sex were also inde-
pendently associated with 28-day hospital
admission in T2DM and to 28-day mortality,
independent of vaccination status. African eth-
nicity was also an additional factor for hospital
admission in people with T2DM.

Conclusion: A beneficial effect of COVID-19
vaccination was seen in mitigating the harmful
effects of COVID-19 infection; this was manifest
in reduced hospital admission rate in T1DM
individuals with a lesser effect in T2DM when
compared with matched controls, regarding
both hospital admission and mortality. Socio-
economic disadvantage influenced likelihood of
COVID-19 confirmed infection and the likeli-
hood of hospital admission/death independent
of the number of vaccinations given in T2DM.

Keywords: SARS-CoV-2; COVID-19;
T2DM; Vaccination; Outcome

Key Summary Points

People with diabetes are at particularly
high risk of becoming seriously unwell
and being hospitalised after contracting
SARS-CoV-2 (COVID-19)

T1DM;

This study set out look at how the UK
vaccination programme impacted
differentially on COVID-19 outcomes in
people with T1DM or T2DM compared
with appropriate controls

For 28-day hospital admission rates in
T1DM following the first positive COVID-
19 test, there was a greater effect of
increasing vaccination dosage (one, two
or three) in mitigating the effects of
COVID-19 infection vs no vaccination
than seen in T2DM individuals when
compared to controls

Socio-economic deprivation in T2DM
individuals was associated with greater
likelihood of hospital admission and
death, independent of vaccination status

In T2DM, age and male sex were both
independently associated with increased
28-day hospital admission and 28-day
mortality, independent of vaccination
status. African ethnicity was an additional
factor for 28-day hospital admission in
T2DM

The COVID-19 vaccination programme
afforded protection for people with TIDM
and T2DM with a clear greater benefit in
T1DM than in non-T1DM individuals of a
similar age and sex

INTRODUCTION

Since early 2020 the whole world has been
challenged by the SARS-CoV-2 virus (COVID-
19) and its associated pandemic [1]. This situa-
tion has been further complicated with the
successive rise of subsequent viral variants with
varying clinical and transmission properties [1].
People with diabetes are known to be at a higher
risk of becoming unwell and dying following
COVID-19 infection when compared to people
living without diabetes [2-4]. Higher odds ratios
(OR) have been reported for in-hospital COVID-
19-related death for people with type 2 diabetes
(T2DM) in the UK [4]. A subsequent body of
work is now emerging in relation to why people
with diabetes are more likely to become seri-
ously unwell following a COVID-19 infection

A\ Adis



Diabetes Ther (2023) 14:193-204

195

and why they are admitted into hospital with
COVID-19 vaccination, sometimes itself a factor
in hospital admission.

Utilising the Greater Manchester Care
Record (GMCR) we have recently shown that
for people with T2DM, following confirmed
infection with COVID-19, a number of factors
are associated with 28-day post-confirmed
increased COVID-19-positive test hospital
admission in T1IDM/T2DM and increased mot-
tality in individuals with T2DM [5, 6]. This
analysis reported that prescription of met-
formin, SGLT2is or GLP-1 agonists and non-
smoking status appeared to be associated with a
reduced risk of hospital admission/death for
people with T2DM. Age, male sex and social
disadvantage were associated with an increased
risk of death/hospital admission in people with
T2DM [5, 6]. Hippisley-Cox et al. [7] indepen-
dently described a risk model for hospital
admission following COVID-19 infection, using
pooled National Health Service (NHS) primary
care data with age being highlighted as a pre-
dominant risk factor for death following
COVID-19 infection [7, 8].

From December 2020, the number of T2DM
individuals vaccinated against COVID-19 has
steadily risen across the UK for initially the first
vaccination and then subsequent vaccination
[9]. There are now more than three vaccines
available in the UK with a high proportion of
the population now triple vaccinated or even
quadruple vaccinated [10].

It is important to appreciate how much
effect vaccination against COVID-19 has had to
reduce the risk health outcomes for people liv-
ing with diabetes. Another important question
is whether being vaccinated against COVID-19
offers the same protection or different protec-
tion for individuals with diabetes compared to
individuals free of diabetes. Furthermore, there
have been significant differences in vaccine
uptake across the UK [11] and it is therefore
important to investigate what demographic
factors may be influencing this.

The aims of this study were therefore to
determine the health trajectory of vaccinated vs
non-vaccinated individuals with T1DM or
T2DM. For this we considered that critical out-
comes following a COVID-19-positive test

would be hospital admission rate and death.
Our primary aim was to ascertain the effect of
COVID-19 vaccination on reducing the adverse
consequences of COVID-19 infection following
on from our previous papers [5, 6]. A further
aim was to determine vaccination rates within
socially disadvantaged communities in Greater
Manchester using the Townsend Index [12] as
the measure of social disadvantage.

METHODS

Vaccination status was determined from general
practice records. We applied 28-day hospital
admission or mortality as the binary outcome
variable and diabetes status as the main expo-
sure variable in relation to vaccination for
COVID-19. Study participants included all peo-
ple who had a recorded diagnosis of T1IDM or
T2DM living in the UK Greater Manchester
conurbation (total population 2.85 million)
who were alive on 1 January 2020 and who had
a proven COVID-19 infection, based on a
recorded positive test noted in the general
practice record. Each individual with diabetes
(T1DM or T2DM) was matched with three con-
trols—that is three people without diabetes
matched for age and gender who had also tested
positive within a 28-day period for a COVID-19
infection.

Data were de-identified at source and were
extracted from the Greater Manchester Care
Record (GMCR) database [13]. The follow-up
period started on 1 January 2020 and ended on
28 February 2022. The GMCR pools information
from all general practices across the conurba-
tion. The project was approved and overseen by
Health Innovation Manchester [14].

The data were put through a rigorous
checking and data cleaning process where all
values were ‘sense checked’ for credible physi-
ological ranges and internal clinical and demo-
graphic logic (e.g. dates of birth, height, weight,
BMI, biomarker ranges). BMI was included only
if recorded within 6 months of the positive
COVID-19 test. Vaccination dates for the first
and second vaccines administered were recor-
ded. Statistical analyses were performed on the
final data set to investigate the potential risk
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factors contributing to increased likelihood for
hospital admission in diabetes following infec-
tion with COVID-19. Social disadvantage was
described by Townsend score [12]. A higher
Townsend index equates to greater social dis-
advantage. The 2011 census was used to define
ethnicity.

To take account of COVID-19-positive status
being confirmed after hospital admission, we
included in our analysis all individuals with a
COVID-19 virus-positive test within 48 h of
admission.

Following cleaning, the data extracted were
split into two cohorts.

e Those with TIDM and their controls (1:3
matching).

e Those with T2DM and their controls (1:3
matching).

Statistics

Digital health records often contain missing
data, particularly for medications and diag-
noses. We assumed that missing data for these
variables meant individuals were not on that
medication or had a specific diagnosis. Impu-
tation in relation to the comparison between
diabetes and non-diabetes individuals was not
possible because of the degree of difference in
availability of anthropometric and metabolic
variables between the two groups. In other
words many people without diabetes had very
limited data available. Therefore a complete
case analysis was conducted. Comparison
between continuous variables was performed by
ANOVA.

All substantive modelling was by logistic
regression, with 28-day hospital admission or
mortality as the binary outcome variable and
diabetes status as the main exposure variable.
Other variables were adjusted for in specific
models, as detailed below. Townsend score
comparisons were relative to a Townsend score
of 1.

To investigate potential factors associated
with admission in diabetes patients, we anal-
ysed the T1DM and T2DM individuals, without
the matched individuals, separately. To do so,

we used univariate logistic regression, consid-
ering each possible factor in turn for the two
groups separately.

We then studied whether the difference in
risk of admission/death between patients with
diabetes and patients without diabetes (and
between those vaccinated and those not-vacci-
nated) was explained by other measured factors.
To do so we analysed each diabetes group with
their matched cohort and compared the odds
ratio (OR) of diabetes in a model including
other relevant variables.

Finally, we fitted a fully adjusted multi-vari-
able model separately for TIDM and T2DM but
including each respectively matched cohort to
measure the extent of attenuation of the dia-
betes OR when all additional factors are
accounted for.

All analyses were undertaken in R (version
3.6.2) (R Foundation for Statistical Computing,
Vienna, Austria). Data presented are mean =+ s-
tandard deviation, unless stated otherwise.

RESULTS

In the population examined, 1659 T1DM indi-
viduals with a mean/standard deviation (SD)
age of 38.0 (SD 17.6) years had a confirmed
positive COVID-19 test. Furthermore, 20,547
individuals with T2DM with a mean age of 62.5
(SD 14.2) years were confirmed to have a posi-
tive COVID-19 test (Tables 1 and 2).

In the early phase of the COVID-19 pan-
demic at least from April 2020 until April 2021,
for both T1DM and T2DM individuals, greater
socio-economic disadvantage was associated
with a greater likelihood of test-positive status
for COVID-19.

There was no significant difference in the
proportions of people with TIDM or matched
controls in relation to socio-economic status as
measured by Townsend index [12]. However,
there were higher proportions of people with
T2DM compared to matched controls in the
next to lowest quartile (22.6% vs 20.6%) and
most disadvantaged Townsend index quartile
(35.6% vs 22.4%).

Mean body mass index (BMI) was similar in
T1DM individuals and their matched controls.
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Table 1 Baseline data for TIDM patients and matched cohort
Variable Controls T1DM p value
n = 4944 n = 1659

Age 37.8 (17.4) 38.0 (17.6) 0.654
Sex: M = male 2561 (51.8%) 863 (52%) 0.9
Townsend score (higher is more deprived) 0.8 (3.7) 0.8 (3.6) 0.824
Townsend quintile as factor (higher is more deprived) 0.652

1 891 (18%) 279 (16.8%)

2 717 (14.5%) 247 (14.9%)

3 862 (17.4%) 281 (16.9%)

4 1051 (21.3%) 376 (22.7%)

5 1423 (28.8%) 476 (28.7%)

Not available 0 (0%) 0 (0%)
Severe enduring mental illness (SMI) 8 (0.1%) 4 (0.1%) 0.743
Latest BMI value 27.9 (6.3) 27.0 (5.8) < 0.001
As factor (ethnicity) < 0.001

White 3389 (68.5%) 1278 (77%)

Aftican 121 (2.4%) 35 (2.1%)

Asian 426 (8.6%) 95 (5.7%)

Mixed 89 (1.8%) 27 (1.6%)

Other 166 (3.4%) 68 (4.1%)

Not available 753 (15.2%) 156 (9.4%)
Vaccination_status (number of vaccines) < 0.001

0 3313 (67%) 1030 (62.1%)

1 304 (6.1%) 83 (5%)

2 807 (16.3%) 319 (19.2%)

3 520 (10.5%) 227 (13.7%)

NA 0 (0%) 0 (0%)
Death within 28 days of COVID-19-positive test: Yes 34 (0.7%) 24 (1.4%) 0.007
28-day hospital admission 136 (2.8%) 130 (7.8%) < 0.001

Mean BMI was higher in T2DM individuals
(32.0, SD 7.0kg/m?* when compared with
matched controls (28.5 [SD] 6.1 kg/m?).

A higher proportion of the T1DM individuals
(19.2%) than controls (16.3%) had received two
vaccinations at the point of their first COVID-

19-positive test. A similar finding was observed
for three vaccinations at the point of the first
COVID-19-positive test (13.7% vs 10.5%).
Regarding distribution of ethnicity, substan-
tially more individuals of (South) Asian heritage
were present in the T2DM group (19.4%) when
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Table 2 Baseline data for T2DM patients and matched cohort

Variable Controls T2D p-value
n = 59,066 n = 20,547

Age 61.8 (14.2) 62.5 (14.2) < 0.001
Sex: M = male 32,223 (54.6%) 11,544 (56.2%) < 0.001
Townsend score (higher is more deprived) 0.2 (3.6) 1.5 (3.7) < 0.001
Townsend quintile as factor (higher is more deprived) < 0.001

1 12,960 (21.9%) 2724 (13.3%)

2 10,057 (17%) 2548 (12.4%)

3 10,637 (18%) 3316 (16.1%)

4 12,192 (20.6%) 4641 (22.6%)

5 13,220 (22.4%) 7318 (35.6%)

Not available 0 (0%) 0 (0%)
Latest BMI value 28.5 (6.1) 32.0 (7.0) < 0.001
As factor(ethnicity) < 0.001

White 46,498 (78.7%) 13,283 (64.6%)

African 1097 (1.9%) 701 (3.4%)

Asian 3590 (6.1%) 3992 (19.4%)

Mixed 431 (0.7%) 209 (1%)

Other 1644 (2.8%) 811 (3.9%)

Not available 5806 (9.8%) 1551 (7.5%)
Severe enduring mental illness (SMI) 151 (0.2%) 98 (0.3%) < 0.001
Vaccination_status < 0.001

0 39,270 (66.5%) 13,447 (65.4%)

1 3324 (5.6%) 1267 (6.2%)

2 9689 (16.4%) 3583 (17.4%)

3 6783 (11.5%) 2250 (11%)

Not available 0 (0%) 0 (0%)
Death within 28 days of COVID-positive test: Yes 2825 (4.8%) 1316 (64%) < 0.001
28-day hospital admission 4726 (8%) 2983 (14.5%) < 0.001

compared to controls (6.1%). A higher propor-
tion of individuals with Caucasian heritage
identified in the T1DM DM group when com-
pared to controls. There was no difference in the
proportion of T1DM individuals documented

COVID-19-positive vs -non-T1DM individuals
with a history of severe enduring mental illness,
but there was a higher proportion of T2DM
COVID-19 test-positive individuals with SMI vs
matched test-positive controls.
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Twenty-eight-day Hospital Admission
Rates

The 28-day hospital admission rate was higher
in T1DM individuals (6.4%) compared to mat-
ched controls (4.8%) (p < 0.001) (Table 1). For
T2DM individuals the hospital admission rate
was 14.5% vs 8% in matched controls
(p < 0.001) (Table 2).

Twenty-eight-day Mortality Rates

Twenty-four deaths were identified in the
T1DM group within 28 days of a confirmed
COVID-19 test (1.4%) vs 0.7% in matched
controls (p < 0.007). There were 1316 deaths
within the T2DM individuals within 28 days of
a confirmed COVID-19 test giving a significant
mortality rate difference of 6.4% vs 4.8% in
matched controls (p < 0.001).

Logistic Regression of Factors Associated
with Admission in T1IDM Patients
and T2DM Patients

While a decrease in likelihood of admission was
reduced by increasing number of vaccinations
vs no vaccination (prior to the first COVID-19-
positive test in both TIMD and T1DM controls),
the relative impact of vaccination on hospital
admission was greater in T1DM individuals
(Table 3). No difference was seen between
T2DM and T2DM controls in terms of impact of
increasing number of vaccinations on likeli-
hood of hospital admission (Table 4). However,
baseline admission rate (see Table 2) was much
higher in T2DM individuals with therefore
greater net impact in terms of absolute number
of reduced admissions following COVID-19
vaccination.

As seen in Table 4, several factors were likely
to increase the likelihood of admission inde-
pendent of vaccination status in T2DM people,
notably a more deprived Townsend score, a
higher BMI, current smoking status and African
heritage. In contrast only age was observed as a
risk factor for hospital admission in T1DM
individuals in addition to vaccination status. A
higher BMI was associated with increased

Table 3 Odds ratios from logistic regression for 28-day
hospital admission following COVID-19 diagnosis in
T1DM patients and TIDM control

OR 25% 97.5%

T1DM

(Intercept) 0.025 0.014 0.044
Sex M 1.116 0.764 1.636
Age 1.032 1.022 1.043
BMI 1.008 0971 1.043

Townsend score (higher is more  1.050 0.994 1.109
deprived)

Ethnicity African 1919 0.674 4.709
Ethnicity Asian 0.518 0.153 1.320
Ethnicity mixed 2219 0.629 6.091
Ethnicity other 1.179 0469 2.554
Smoker currently 1.824 0.969 3.611
vac_statusl 0.732 0.248 1.731
vac_status2 0.701 0.408 1.154
vac_status3 0.479 0.236 0.886

T1DM controls

(Intercept) 0.006 0.003 0.011
Sex M 1.026 0.715 1476
Age 1.038 1.028 1.049
BMI 1.059 1.021 1.095

Townsend score (higher is more  1.081 1.027 1.138
deprived)

Ethnicity African 0.720 0.172 2.024
Ethnicity Asian 1.175 0.631 2.058
Ethnicity mixed 2739 1.023 6.141
Ethnicity other 0.639 0.155 1.753
Smoker currently 1401 0.633 3.336
vac_statusl 0.864 0.356 1.784
vac_status2 0.734 0417 1.218
vac_status3 0.507 0.244 0.944
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Table 4 Odds ratios from logistic regression for 28-day
hospital admission following COVID-19 diagnosis in
T2DM patients and T2DM controls

OR 25% 97.5%

T2DM

(Intercept) 0.015 0.012 0.019
Sex M 1.352 1242 1471
Age 1.037 1.034 1.040
BMI 1.025 1.018 1.033

Townsend score (higher is more  1.038 1.026 1.051
deprived)

Ethnicity African 1.726 1414 2.097
Ethnicity Asian 1.008 0901 1.126
Ethnicity mixed 1.230 0.814 1.800
Ethnicity other 1.117 0911 1.358
Smoker currently 1251 1.077 1.456
vac_statusl 0947 0.800 1.117
vac_status2 0.768 0.680 0.866
vac_status3 0.392 0329 0465

T2DM controls

(Intercept) 0.002 0.002 0.002
Sex M 1.399 1.309 1.495
Age 1.059 1.056 1.061
BMI 1.018 1.010 1.025

Townsend score (higher is more ~ 1.066 1.056 1.076
deprived)

Ethnicity African 1.571 1272 1.925
Ethnicity Asian 1316 1.153 1498
Ethnicity mixed 1.341 0.928 1.881
Ethnicity other 1.084 0.899 1297
Smoker currently 1.515 1316 1.747
vac_statusl 0936 0.819 1.066
vac_status2 0.719 0.650 0.793
vac_status3 0.448 0.394 0.508

hospital admission rate in T1DM controls but
not people with T1DM. For T2DM control
individuals South Asian heritage was an inde-
pendent risk factor for 28-day hospital admis-
sion (Table 4), as was elevated BMI and current
smoking status but not African heritage.

Logistic Regression of Factors Associated
with 28-Day Mortality in T1IDM and T2DM
Patients

With only 24 deaths observed in the T1DM
group it was not possible to determine any
influence of any specific risk factors on outcome
following a positive COVID-19 test. In T2DM
individuals there was a gradation of reduced
mortality with increasing numbers of COVID-
19 vaccinations 1-3. A similar effect was seen in
aged matched non-T2DM individuals. For
T2DM individuals, in logistic regression analy-
sis, age, male sex and socio-economic disad-
vantage were associated with in increased
likelihood of death (Table 5) but not elevated
BMI or current smoking status. In T2DM con-
trols it was actually a lower BMI that was asso-
ciated with an increased mortality rate with
again no independent effect of smoking.

Second COVID-19 Infection
and Vaccination Status

For those confirmed COVID-19 positive on a
second occasion, for T1IDM individuals, 86.2%
were unvaccinated as were 90.7% of matched
non-T1DM controls and, for T2DM individuals,
86.3% were unvaccinated compared with 86.5%
of matched non-T2DM controls.

DISCUSSION

In this study we have identified a significant
beneficial effect of COVID-19 vaccination for
mitigating the serious more immediate effects
of COVID-19 infection, manifest in hospital
admission rate, in T1DM individuals. This was
seen to a lesser extent in T2DM when compared
with control non-T2DM individuals. Socio-eco-
nomic disadvantage increased the likelihood of
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Table 5 Odds ratios from logistic regression for 28-day
mortality following COVID-19 diagnosis in T2DM
patients and T2DM controls

OR  25% 97.5%

T2DM

(Intercept) 0.000 0.000 0.000
Sex M 1.486 1.305 1.695
Age 1.111 1.105 1.117
BMI 0.993 0974 1.011

Townsend score (higher is more ~ 1.040 1.021 1.059
deprived)

Ethnicity African 1.279 0.905 1.780
Ethnicity Asian 0.959 0.793 1.156
Ethnicity Mixed 1.285 0.604 2.460
Ethnicity Other 0.823 0.578 1.143
Current smoker 0.920 0.665 1.284
vac_statusl 0.621 0477 0.799
vac_status2 0.330 0.261 0.413
vac_status3 0.182 0.126 0.254

T2DM controls

(Intercept) 0.000 0.000 0.000
Sex M 1733 1579 1.902
Age 1.135 1.131 1.140
BMI 0.965 0.947 0.983

Townsend score (higher is more ~ 1.087 1.073 1.102
deprived)

Ethnicity African 0.910 0.607 1.326
Ethnicity Asian 0.902 0.708 1.136
Ethnicity mixed 1283 0.718 2.158
Ethnicity other 0.989 0.756 1277
Smoker currently 0.981 0.746 1.298
vac_statusl 0.559 0.464 0.669
vac_status2 0261 0.218 0.310
vac_status3 0.090 0.066 0.120

hospital admission/death independent of
number of vaccinations in T2DM which again
highlights the influence of socio-economic fac-
tors on outcomes following a COVID-19 infec-
tion in this group of people. A higher BMI and
current smoking status increased the likelihood
of hospital admission independent of other
factors in both T2DM and T2DM control indi-
viduals but did not increase mortality rate.
Interestingly in T2DM controls, a lower BMI was
associated with a higher mortality rate, which
may reflect the fact that a lower BMI can be a
marker of overall ill health. Furthermore, in
T1DM controls, a higher BMI was associated
with an increased hospital admission rate but
not in T1DM individuals.

While we have shown a gradient of increased
benefit of multiple vaccination (2 and 3 vacci-
nations) on 28-day hospital admission rate in
T1DM, a factor that we cannot account for in
this study is the decreasing severity of COVID-
19 infections in many but not all people over
time [15]. The greatest decrease in both hospital
admission and death after COVID-19 infection
was in relation to the third vaccination but this
may associate with the decreasing ‘dangerous-
ness’ of the COVID-19 virus over time.

Nevertheless, the fact that we see less of a
gradient of increased protection in T2DM vs
matched controls with an increased number of
vaccinations over time does suggest that what is
seen in T1DM may represent a true protective
effect regarding hospital admission of vaccina-
tion in this group. The significant reduction in
admission rate in T2DM vs non-T2DM individ-
uals, while similar, is on the background of a
much higher admission rate in T2DM (Table 2).

T1DM individuals were more likely to have
had their COVID-19 vaccinations at the time of
their first COVID-19-positive test with much
less of difference for T2DM individuals vs their
matched contemporaries in relation to timing
of vaccination. This is likely an age-related
phenomenon because of age stratification in the
COVID-19 vaccination programme England
and the fact that younger individuals without a
co-existing chronic condition were the last
adult age group to be offered COVID-19 vacci-
nation [13]. However, given the much higher
admission rate in T2DM individuals following a
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COVID-19 infection the relative benefit of
COVID-19 vaccination remains.

Factors increasing the likelihood of hospital
admission were age in T1DM individuals and, in
T2DM individuals, male sex, age, more deprived
Townsend score and African heritage (compared
with non-T2DM controls where Asian heritage
was an independent risk factor for admission).
The difference between T2DM and non-T2DM
individuals in predisposing ethnic factors may
relate to the larger sample size on the basis of
3:1 matching of controls to people with T2DM,
given that South Asian heritage has been
reported to be an independent risk factor for
serious illness after COVID-19 infection in other
studies [16, 17]. In T1DM only age was related
to likelihood of 28-day hospital admission in
addition to vaccination status—this may be
associated with the relatively low numbers of
people with T1IDM who tested positive. How-
ever, the benefits of an increasing number of
COVID-19 vaccinations is clear for the T1DM
group. Previously, Barron et al. reported the
significant risks of COVID-19 infection in terms
of adverse health consequences in T1DM as well
as T2DM individuals [4].

It should be stated that multiple unresolved
issues including preferred vaccine type/combi-
nation of vaccines, vaccine efficacy and dura-
bility and frequency of administration remain
unresolved and need to be addressed through
future research. Our findings, while related to a
population in one part of the UK, do build on
previous reports from the same background
population [, 6].

It should also be pointed out that we do not
have the cases and control in the same analysis;
we ran separate analyses. At no point were the
cases and controls combined in the same anal-
ysis. Propensity matching was not applicable
here because the data were extracted in a mat-
ched form and further propensity matching
would result in a much smaller subset of
patients than the one that we were able to use.
Furthermore, we have reported that BMI is a
major contributor to the excess risk seen in
people with T2DM as it also is in non-diabetes
individuals. We do not therefore feel that there
is the need to match individuals for BMI as well
as age and gender in this paper.

A significant step in primary prevention of
infections is timely and appropriate vaccination
[18]. Routine vaccination against influenza is
recommended in patients with DM [19].
Although prior studies have shown impaired
antibody response to influenza and hepatitis B
vaccines in patients with DM (with recent
advances in the development of vaccines, peo-
ple with DM are able to mount an appropriate
immune response post-vaccination) [20]. Adults
with T2DM considerably benefit from influenza
vaccination in terms of reduction in any com-
plications, hospitalizations and death [21].
Hence, these vaccinations have been included
in the standard care for DM patients. We believe
that the data presented here support the pro-
posal that COVID-19 vaccination should now
be offered to people with diabetes as a desig-
nated at risk group, irrespective of age.

Strengths/Limitations

A limitation common to all COVID-19 research
is that during the first few months of the pan-
demic there was limited capacity to test for
COVID-19 testing, and so the true prevalence is
unknown and certainly for the early months of
the COVID-19 pandemic can only be estimated
[22]. Thus, there is the likelihood of there being
an underestimate of the total number of
COVID-19-positive test results, hence the high
28-day hospital admission rate and mortality
rate compared to Office of National Statistics
(ONS) results [23]. However, there is no reason
to suspect that this would affect diabetes vs
non-diabetes individuals differentially. A
strength of this study is that by matching our
cohort on the date of positive coronavirus test,
as well as age and sex, we are able to correct for
this and focus on the differences between the
diabetes TIDM and T2DM cohorts and the
general population.

A further limitation is that the data only
cover the area of Greater Manchester in the UK
and we have relied on general practice record
coded diagnoses and COVID-19 recorded test
results rather than other sources of that data.

Regarding additional relevant variables such
as HbAlc, comorbidities (e.g. hypertension,
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coronary heart disease, and stroke) and com-
plications (e.g. diabetes nephropathy, diabetes
retinopathy, diabetes foot), we did not add
them here as this article follows on from anal-
yses as already reported in this journal that did
not include vaccination as a variable. It is
planned that these variables will be included in
our next paper.

CONCLUSION

We have found a significant beneficial effect of
COVID-19 vaccination in mitigating the effects
of COVID-19 infection, manifest in hospital
admission rate, in T1DM individuals with a
possibly lesser effect in T2DM when compared
with non-diabetes individuals regarding both
hospital admission and mortality. Socio-eco-
nomic disadvantage influenced the likelihood
of hospital admission/death independent of
number of vaccinations in T2DM. Going for-
ward we suggest that further boostering of
COVID-19 vaccination programmes might
include T1DM/T2DM individuals as a priority
group and continue to facilitate access to vac-
cination for more disadvantaged socio-eco-
nomic groups.
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