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ABSTRACT

Introduction: Since early 2020 the whole world
has been challenged by the SARS-CoV-2 virus
and the associated global pandemic (Covid-19).
People with diabetes are particularly at high risk
of becoming seriously unwell after contracting
this virus.

Methods: This population-based study inclu-
ded people living in the Greater Manchester
conurbation who had a recorded diagnosis of
type 1 diabetes mellitus (T1DM) or type?2
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diabetes mellitus (T2DM) and subsequent
Covid-19 infection. Each individual with T1IDM
(n=862) or T2DM (n = 13,225) was matched
with three Covid-19-infected non-diabetes
controls.

Results: For individuals with T1DM, hospital
admission rate in the first 28 days after a posi-
tive Covid-19 test was 10% vs 4.7% in
age/gender-matched controls [relative risk (RR)
2.1]. For individuals with T2DM, hospital
admission rate after a positive Covid-19 test was
16.3% vs 11.6% in age/gender-matched controls
(RR 1.4). The average Townsend score was
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higher in T2DM (1.8) vs matched controls (0.4),
with a higher proportion of people with T2DM
observed in the top two quintiles of greatest
disadvantage (p < 0.001). For Covid-19-infected
individuals with T1DM, factors influencing
admission likelihood included age, body mass
index (BMI), hypertension, HbAlc, low HDL-c-
holesterol, lower estimated glomerular filtration
rate (eGFR), chronic obstructive pulmonary
disease (COPD) and being of African/mixed
ethnicity. In Covid-19-infected individuals with
T2DM, factors related to a higher admission rate
included age, Townsend index, comorbidity
with COPD/asthma and severe mental illness
(SMI), lower eGFR. Metformin prescription
lowered the likelihood. For multivariate analy-
sis in combined individuals with T2DM/con-
trols, factors relating to higher likelihood of
admission were having T2DM/age/male gen-
der/diagnosed = COPD/diagnosed  hyperten-
sion/social deprivation (higher Townsend
index) and non-white ethnicity (all groups).
Conclusion: In a UK population we have con-
firmed a significantly higher likelihood of
admission in people with diabetes following
Covid-19 infection. A number of factors medi-
ate that increased likelihood of hospital admis-
sion. For T2DM, the majority of factors related
to increased admission rate are common to the
general population but more prevalent in
T2DM. There was a protective effect of met-
formin in people with T2DM.

Keywords: SARS-CoV-2;
T2DM; Hospital admission

Key Summary Points

Covid-19; TI1DM;

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

The relative risk of hospital admission vs
matched controls was higher for
individuals with T1DM than individuals
with T2DM

A number of factors including BMI, blood
pressure, taking metformin,
socioeconomic situation and ethnicity
have been identified in this study as
potentially mediating that increased
likelihood of hospital admission

For T2DM, the majority of factors related
to increased risk of admission are
common to the general population but
are known to be more prevalent in T2DM

Nevertheless our analysis suggests that
there are as yet unknown factors which
are modulating that risk

INTRODUCTION

Since early 2020 the whole world has been
challenged by the SARS-CoV-2 virus and its
associated pandemic (Covid-19) [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]. Barron et al. [4] reported
a higher odds ratio (OR) for in-hospital Covid-
19-related death for people with type 2 diabetes
(T2DM) in the UK. A subsequent body of work is
emerging in relation to why people with dia-
betes are more likely to become seriously unwell
following a Covid-19 infection and why they
are admitted into hospital. However a full
appreciation of risk factors and their relative
contributions to serious outcomes are as yet not
fully available. Hippisley-Cox et al. [5] recently
described a risk model for hospital admission
post Covid-19 infection, using pooled National
Health Service (NHS) primary care data.

In the CORONADO study [6] of people with
diabetes hospitalized following a Covid-19
infection, multivariable analysis revealed that
only body mass index (BMI) remained posi-
tively associated with the primary outcomes of
death or assisted mechanical ventilation. Nei-
ther long-term glycaemic control (as assessed by
HbAlc measurement) nor regular treatment
with a renin-angiotensin-aldosterone system
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(RAAS) blocker were associated with a more
adverse outcome following Covid-19 infection.
Increasing age, microvascular and macrovascu-
lar complications were independently associ-
ated with death in the course of the hospital
admission.

For people with diabetes, the last 18 months
have been a very challenging time because their
condition puts them at significantly increased
risk of becoming seriously unwell or dying fol-
lowing a Covid-19 infection [6]. Therefore, it is
critical to understand how much a previous
diagnosis of T1IDM or T2DM and which aspects
and comorbidities of their condition increase
their risk of becoming seriously unwell and
being admitted to hospital following a Covid-19
infection. Such information and insight are
pivotal in order to provide better care.

The aim of this study was to identify poten-
tial factors relating to an increased likelihood of
hospital admission in individuals with diabetes,
to assess the difference in risk between indi-
viduals with and without diabetes and to
investigate if any difference in risk could be
explained by routinely measured factors.

METHODS

This was a retrospective study. Study partici-
pants included all people who had a recorded
diagnosis of TIDM or T2DM living in the UK
Greater Manchester conurbation (total popula-
tion 2.85 million) who were alive on 1 January
2020 and who had a proven Covid-19 infection,
based on a recorded positive test 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 [7]. The follow-up
period started on 1 January 2020 and ended on
31 May 2021. The GMCR pools information all
general practices across the conurbation. The
project was approved and overseen by Health
Innovation = Manchester [8], which is

comparable to an ethics committee in relation
to the management and supervision of access to
the population health records of citizens of
Greater Manchester for research purposes. This
study was performed in accordance with the
Helsinki Declaration of 1964 and its later
amendments. This study was conducted in
accordance with ethical guidelines.

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. We excluded digital health
records with missing data. Statistical analyses
were performed on the final data set to investi-
gate the potential risk factors contributing to
increased likelihood for hospital admission in
diabetes following infection with Covid-19.
Social disadvantage was described by Townsend
score [9]. A higher Townsend index equates to
greater social disadvantage. The Townsend
score is contained within the NHS general
practice record of all UK citizens and is a census-
based index of material status calculated by the
combination of four census variables. The
Townsend index is an area-based measure and
can be constructed for any geographical area for
which UK census data are available. The 2001
census and NHS five groups were used to define
ethnicity.

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

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)
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Statistics

Digital health records often contain missing
data and for medications and diagnosis. We
assumed that missing data for these variables
meant individuals were not on the medication
or had a specific diagnosis. Imputation in rela-
tion to the comparison between individuals
with diabetes and individuals without diabetes
was not possible because of the degree of dif-
ference in availability of anthropometric and
metabolic variables between the two groups.
Therefore a complete case analysis was con-
ducted. Comparison between continuous vari-
ables was by analysis of variance (ANOVA).

All substantive modelling was logistic
regression, with 28-day hospital admission 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 rela-
tive to a Townsend score of 1.

In order to investigate potential factors
associated with admission of patients with dia-
betes we analysed the individuals with T1DM
and those with T2DM, without the matched
individuals, separately. To do so, we used uni-
variate logistic regression, considering each
possible factor in turn, for the two groups
separately.

We then studied whether the difference in
risk between patients with diabetes and patients
without diabetes was explained by other mea-
sured factors. In order to do so we analysed each
diabetes group with their matched cohort and
compared the OR of diabetes in a model
including only age, sex and diabetes with the
OR of diabetes when adjusted for each addi-
tional factor in turn. Change of the diabetes OR
in this comparison can be interpreted as the
additional factor explaining part of the associ-
ation between diabetes and hospitalisation (e.g.
through confounding or mediation).

Finally, we fitted a fully adjusted multivari-
able model, separately in each matched cohort,
to measure the extent of attenuation of the
diabetes 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 are presented as
mean =+ standard deviation, wunless stated
otherwise.
RESULTS

In the population examined, 862 individuals
with T1DM with a mean + standard deviation
(SD) age of 39.4 + 17.4 years had a confirmed
positive Covid-19 test; 13,225 individuals with
T2DM and a mean age of 63.1 + 14.4 years were
confirmed to have a positive Covid-19 test.

Hospital Admission Rates

As summarised in Table 1, for individuals with
T1DM, the hospital admission rate in the first
28 days after a positive Covid-19 test was 10.0%
vs 4.7% in matched controls [relative risk (RR)
2.1]. There was no difference in average or
quintile of Townsend score and no difference in
BMI between T1DM (27.2 SD =+ 5.8) and mat-
ched controls (27.9 SD + 6.2). There was a trend
for length of stay (LOS) to be longer in indi-
viduals with T1DM. Mean HbAlc level for
individuals with T1DM was 67.6 mmol/mol
(SD + 22.7) and for the matched controls it was
34.5 mmol/mol (SD £ 8.8). A significantly
higher proportion of those with T1IDM were
taking aspirin, clopidogrel or an angiotensin-
converting enzyme (ACE) inhibitor than mat-
ched controls.

As seen in Table1 for individuals with
T2DM, the hospital admission rate in the first
28 days after a positive Covid-19 test was 16.3%
vs 11.6% in matched controls. The RR of
admission was 1.4. LOS was longer in T2DM at
8.2 days vs 6.7 days in controls. There was a
significant difference in Townsend score
(1.8 &+ 3.7 for T2DM vs 0.5 + 3.7 for matched
controls); a higher score equates to greater
social disadvantage) with a higher proportion of
people with T2DM in the top 2 quintiles of
deprivation. BMI was higher in individuals with
T2DM than in matched controls (31.7 + 6.9 vs
28.6 £+ 6.1). Mean HbA1lc for individuals with
T2DM was significantly higher than in matched
controls (56.6 & 21.0 vs 36.1 £+ 9.1) with vita-
min D level lower. There was a higher
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proportion of people with asthma or chronic
obstructive pulmonary disease (COPD) in indi-
viduals with T2DM compared to controls. A
significantly higher proportion of those with
T2DM were taking aspirin, clopidogrel or ACE
inhibitors than matched controls.

Kaplan-Meier curves were generated for
hospital admission in individuals with T1DM
(Fig. 1a) and individuals with T2DM (Fig. 1b) up
to 15 months following a positive Covid-19 test.
At 3 months there was a 7.1% higher admission
rate post positive Covid-19 test for individuals
with TIDM and 5.1% for individuals with
T2DM, versus their respective controls.

Univariate Analysis

In the univariate analysis within the group of
individuals with T1DM (Table 2), the likelihood
of hospital admission was higher in people with
a higher HbAlc and BMI, lower HDL-cholesterol
and lower eGFR, in older individuals and in
those with COPD or hypertension. Likelihood
of hospital admission was also higher in those
people taking and ACE inhibitor, aspirin or
metformin and in those of African or mixed
ethnicity compared to Caucasians.

A somewhat different profile was observed
within the group of individuals with T2DM
(Table 2) where the likelihood of hospital
admission was higher in older individuals and
in men, those with African heritage, in people
with a more disadvantaged social situation as
based on the Townsend Index and individuals
with a history of enduring severe mental illness
(SMI), hypertension, COPD or asthma. Admis-
sion was also higher in individuals with a lower
eGFR and vitamin D, lower total and LDL-c-
holesterol and in those taking aspirin, an ACE
inhibitor or clopidogrel. Hospital admission
rate was lower in individuals with T2DM on
metformin or South Asian ethnic origin com-
pared to Caucasians.

Regarding androgen status, in men with
T2DM a lower total testosterone level was not
related to an increased likelihood of admission
in the first 28 days after a positive Covid-19 test
(OR 0.998, 95% CI 0.96-1.03). It was not possi-
ble to perform this analysis in individuals with

T1DM because of the low numbers of men with
a testosterone measurement.

Analyses of Combined Patients
with T1DM and Controls and Combined
Patients with T2DM and Controls

In Fig. 2 and Table 3, the change in OR indicates
how much each factor changes the baseline OR
for hospitalisation, thus indicating whether a
factor may be related to more serious conse-
quences of Covid-19 virus infection in people
with diabetes.

In Covid-19-infected individuals with TIDM
vs their controls, we found no factors signifi-
cantly mediating likelihood of admission vs
age-matched controls. Deviations from baseline
were small and OR confidence intervals were
large for the T1DM match cohort model
because of much lower numbers than for the
T2DM group.

In Covid-19-infected patients with T2DM,
factors potentially related to a higher admission
rate vs age-matched controls were Townsend
index, ethnicity, BMI, hypertension, low eGFR,
being on ACE inhibitor, aspirin, or clopidogrel
with metformin lowering the risk.

Finally we combined the variables that had
the biggest change in the OR compared to the
base model (taking into account data standard
deviations) in a multivariable risk model for
combined patients with TIDM and controls
(Table 4), factors to determine the factors inde-
pendently associated with a higher likelihood of
admission. These were having T1DM, age, social
disadvantage (higher Townsend index), having
diagnosed COPD and being of mixed ethnicity.
The T1DM model accounted for 34% of the
difference from the baseline model.

For combined patients with T2DM and con-
trols (Table 4) factors relating to a higher like-
lihood of admission were having T2DM, age,
male gender, BMI, diagnosed COPD, diagnosed
hypertension, social deprivation (higher Town-
send index) and non-white ethnicity (all
groups). The T2DM model accounted for 49% of
the difference from the baseline model.
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Table 1 Bascline characteristics of diabetes cases and controls included within the study (mean, standard deviation are given

for continuous variables)

Variable T1DM controls T1DM p value T2DM controls T2DM p value
n = 2573 n = 862 n = 37,979 n = 13,225
Admission (within 28 days) 120 (4.7%) 86 (10%) <.001 4407 (11.6%) 2160 (163%) < .001
Age (years) 39.0 (17.0) 39.4 (17.4) 62.2 (14.4) 63.1 (14.4)
Townsend score 0.9 (3.7) 0.9 (3.6) 0.4 (3.7) 1.8 (37) < .001
Townsend quintile <.001
1—Ileast deprived 447 (17.4%) 135 (15.7%) 7540 (19.9%) 1534 (11.6%)
2 364 (14.1%) 126 (14.6%) 6126 (16.1%) 1491 (11.3%)
3 430 (16.7%) 150 (17.4%) 6888 (18.1%) 2076 (15.7%)
4 564 (21.9%) 202 (23.4%) 8062 (21.2%) 2996 (22.7%)
5—most deprived 768 (29.8%) 249 (28.9%) 9363 (24.7%) 5128 (38.8%)
BMI (kg/m?) 27.9 (6.2) 272 (58) 0029 286 (6.1) 31.7 (6.9) < .001
LDL (mmol/L) 2.9 (0.9) 2.5 (1.0) <.001 2.8 (1.0) 2.2 (0.9) < .001
HDL (mmol/L) 14 (0.4) 14 (0.4) 14 (0.4) 12 (0.3) <.001
¢GFR (mL/min/1.73 m?) 823 (13.8) 80.5 (18.1) 0028 759 (15.7) 753 (187)  0.003
HbAlc (mmol/mol) 345 (8.8) 676 (227)  <.001 361 (9.1) 566 (21.0) < .001
Vitamin D (nmol/L) 492 (29.7) 459 (22.2) 53.6 (28.0) 485 (280) < .001
Cholesterol (mmol/mol) 5.0 (1.0) 46 (1.1) <001 49 (L1) 43 (12) < .001
Current smoking status
Non-smoker 1800 (70%) 593 (68.8%) 22,519 (59.3%) 7774 (58.8%)
Smoker 773 (30%) 269 (31.2%) 15,460 (40.7%) 5451 (41.2%)
Comorbidities
Asthma 430 (16.7%) 149 (17.3%) 5867 (15.4%) 2401 (182%) < .001
COPD 41 (1.6%) 21 (2.4%) 2566 (6.8%) 1011 (7.6%) < .001
SMI 41 (1.6%) 21 (2.4%) 1300 (3.4%) 603 (46%) < .001
Hypertension 257 (10%) 197 (22.9%) <.001 11337 (29.9%) 7380 (55.8%) < .001
Medication
ACE inhibitor 178 (6.9%) 210 (244%) < .001 7695 (20.3%) 6537 (49.4%) < .001
Aspirin 52 (2%) 91 (10.6%) <.001 3079 (8.1%) 2559 (19.3%) < .001
Clopidogrel 27 (1%) 37 (43%)  <.001 1607 (4.2%) 1042 (7.9%) < .001
Metformin 9 (0.3%) 117 (13.6%) <.001 253 (0.7%) 8150 (61.6%) < .001
Ethnicity <001 <001
White 1731 (67.3%) 650 (75.4%) 29405 (774%) 7981 (60.3%)
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Table 1 continued

Variable T1DM controls T1DM pvalue T2DM controls T2DM p value
n = 2573 n = 862 n = 37,979 n = 13,225
African 54 (2.1%) 26 (3%) 833 (2.2%) 498 (3.8%)
Asian 334 (13%) 73 (8.5%) 3082 (8.1%) 3274 (24.8%)
Mixed 46 (1.8%) 10 (1.2%) 279 (0.7%) 148 (1.1%)
Other 91 (3.5%) 33 (3.8%) 1101 (2.9%) 541 (4.1%)
Unknown 317 (12.3%) 70 (8.1%) 3279 (8.6%) 783 (5.9%)
Length of stay (days) 3.8 (8.6) 5.2 (8.2) 0.07 6.7 (13.2) 82 (16.2) <.001

All p values are non significant unless the value is stated

Townsend index: 1 denotes the least deprived and 5 the most deprived

Kaplan-Meier for T1IDM cohort split by diabetes diagnosis

T1DM controls == T1DM individuals

1.0

Survival probability

0 E 10 15
Time (months)

Survival probability

Kaplan-Meier for T2DM cohort split by diabetes diagnosis

T2DM controls == T2DM individuals

0.9

0.7 1

0.6

5

Time (months)

10 15

Fig. 1 Kaplan—Meier showing the probability of remaining out of hospital over a 15-month follow-up period. Survival

probability refers to the likelihood of remaining out of hospital
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Table 2 Odds ratios (95% confidence intervals) of the univariate regression in the individuals with T1IDM and individuals

with T2DM, separately

Variable

T1DM OR (95% CI)

T2DM OR (95% CI)

Age

Sex

Townsend score (higher is more deprived)

Latest BMI value
Latest HbAlc value
Latest cholesterol value
Latest LDL value
Latest HDL value
Latest vitamin D value
Latest eGFR value
Patient has COPD
Patient has asthma
Patient has SMI

Is on ACE inhibitor
Is on aspirin

Is on clopidogrel

Is on metformin
Patient has hypertension
Townsend quartile 2
Townsend quartile 3
Townsend quartile 4
Townsend quartile 5
Trivial-smoker

African

Asian

Mixed

Other

1.04 (1.02-1.05)
1.04 (0.66-1.63)
1.05 (0.99-1.12)
1.04 (1-1.08)

1.01 (1-1.02)

0.86 (0.67-1.08)
0.75 (0.54-1.01)
0.41 (0.21-0.8)
1.03 (0.99-1.07)
0.98 (0.97-0.99)
3.8 (1.33-9.65)
0.84 (0.43-1.51
0.95 (0.15-3.34
2.78 (1.75-4.39
3.26 (1.85-5.58
2.2 (0.87-4.91)

(
(
(
(
(
(
(
(
(
(

)
)
)
)

2.29 (1.31-3.86)
6 (1.63-4.12)
0.51 (0.19-1.27)
1.18 (0.56-2.51)
0.85 (0.41-1.79)
1.14 (0.59-2.3)
2 (0.75-1.91)

2.7 (0.96-6.6)
0.81 (0.3-1.79)
6 (1.5-21.55)
1.61 (0.53-3.98)

1.03 (1.03-1.03)
1.25 (1.14-1.37)
1.03 (1.02—1.05)
1 (0.99-1.01)
1(1-1)

0.9 (0.87-0.94)
0.83 (0.78-0.88)
1.03 (0.89-1.18)
1 (1-1.01)
0.98 (0.98-0.98
1.89 (1.63-2.19
1.15 (1.02-1.29
1.49 (

1.2 (1.1-1.32)
1.49 (1.34-1.66
1.71 (1.47-1.98

)
)
)
1.22-1.82)

0.71
1.49
1.32

(

(

(0.65-0.78

(1.35-1.64

(1.07-1.61

123 (1.01-1.49

135 (1.13-1.62

148 (

1.08 (

1.56 (1.25-1.93

0.87 (0.78-0.98

1.14 (0.74-1.72
(

1.25-1.75

)
)
)
)
)
)
)
)
0.98-1.18)
)
)
)

1.29 (1.04-1.6)

The number of admitted individuals with TIDM was 86 vs 776 not admitted over the follow-up period
The number of admitted individuals with T2DM was 2160 vs 11,065 not admitted over the follow-up period
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DISCUSSION

A previous diagnosis of diabetes mellitus is
known to be a significant risk factor for
increased Covid-19-related severity and worse
outcomes, including higher hospital admission
rates over time. In this prospective study we
aimed to understand why this is the case using
population-level data. We have extended our
understanding of this observation by quantify-
ing how much a diagnosis of diabetes increases
the risk of hospital admission after a Covid-19
infection in Greater Manchester, UK. The RR of
hospital admission vs matched controls was
higher for individuals with T1DM than indi-
viduals with T2DM and comparable to that
described by Barron et al. [4] for patients

T1DM cohort

Metformin

Ethnicity

Clopidogrel
Asprin
ACE inibitor
Hypertension
SMI
Asthma
COPD
EGFR
@
=
2 Vitamin D
a
>
HDL
LDL
Cholesterol
i
HBA1C T
i
i
BMI T
i
Smoking status S
A
i
i
i
_—
i
i
i

Townsend Quintile

Townsend score

-50 0 50 100

Percent explained

Fig. 2 Forest plot showing the percentage variation in
odds ratio for hospital admission following COVID-19

infection from the base model that is accounted for by

Variable

requiring hospital treatment for Covid-19
infection. Hospital admission rates remained
higher after infection for up to 3 months
(Fig. 1). This is one of the few analyses to report
hospital admission rates for people with T1DM
and Covid-19 infection.

Our analysis suggests a protective effect of
metformin in people with T2DM. This is a novel
finding in relation to the consequences of a
Covid-19 infection, but is in keeping with a
large body of evidence regarding the benefits of
metformin in reducing the likelihood of severe
consequences of T2DM [10]. The opposite
association was seen in T1DM, likely because
metformin is mostly given to people with
T1DM who are overweight.

T2DM cohort
Wetformin ;
Clopidogrel ;
Asprin __%_._‘
ACE inibitor E
Hypertension E
Sl %é
Asthma __,_._‘
COPD H_%
EGFR o
Vitamin D .
HDL .—._,_‘
LDL %.—_‘
Cholesterol ,—._§_<
HBA1C —.,—

BMI

Smoking status
Ethnicity
Townsend Quintile

Townsend score

-50 0 50 100

Percent explamed; )
each variable, for TIDM and T2DM. Where arrows are
present, the confidence intervals (CI) exceed the limit of

the plot
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Table 3 Percentage of variation from the base model accounted for by each variable

T1DM

T2DM cohort

Townsend score (higher is more deprived)

Latest BMI value
Latest HbAlc value
Latest cholesterol value
Latest LDL value
Latest HDL value
Latest vitamin D value
Latest eGFR value
Patient has COPD
Patient has asthma
Patient has SMI

Is on ACE inhibitor
Is on aspirin

Is on clopidogrel

Is on metformin

8.43 (— 29.32 to 46.24)
2325 (— 35.77 to 82.37)
54.07 (— 26.01 to 136.25)

— 10.69 (— 94.34 to 72.89)
— 2676 (— 13023 to0 76.67)
— 7059 (— 178.19 to 36.56)
57.49 (— 583.03 to 697.15)
— 329 (— 12024 to 54.52)
2.93 (— 35.93 to 41.81)

523 (— 33.6 to 44.12)

0.09 (— 38.95 to 39.14)
2227 (— 1843 to 63.28)
18.78 (— 21.13 to 58.96)
543 (— 33.84 to 44.79)

11.3 (— 30.06 to 53.11)

3431 (17.02 to 51.6)

32.66 (4.25-61.07)

— 2.17 (— 32.89 to 28.6)
— 13.36 (— 41.24 to 14.51)
— 2422 (— S7.47 to 9.04)
— 1231 (— 39.68 to 15.05)
— 9.58 (— 110.5 to 91.38)
— 42,61 (— 7732 t0o — 7.9)
12.27 (— 4.76 to 29.3)

9.96 (— 7.51 to 27.42)

423 (— 13.43 to 21.89)
19.69 (0.98-38.4)

14.8 (— 3.05 to 32.65)
10.11 (— 7.45 to 27.68)

— 20.38 (— 43.33 t0 2.7)

Patient has hypertension

Townsend index quintile

12,54 (— 27.68 to 52.96)
Ethnicity 11.19 (— 22.47 to 44.93)
Smoking 0.28 (— 40.48 to 41.14)

2226 (— 1865 to 63.28)

20.85 (2.31-39.4)
30.58 (12.46-48.72)
5.34 (— 12.93 to 23.62)
47.96 (31.52-64.4)

We found substantive overlap between the
factors that put people at increased risk of
admission with T2DM compared to the back-
ground population, such as hypertension or
raised BMI. A very strong effect of ethnicity was
seen in individuals with T2DM as previously
described [5, 11, 12]. The multivariate model
accounted for 49% of the variation in risk of
admission from the base model. COPD and
Townsend index also increased the risk of
admission for individuals with T2DM. The
association of lower total and LDL-cholesterol
with an increased likelihood of hospital admis-
sion may relate to the application of more
intensive statin dose titration in people with
established cardiovascular disease, resulting in

lower total and LDL-cholesterol levels in these
individuals.

We have shown that for individuals with
T1DM and those with T2DM, age, non-Cau-
casian ethnicity, eGFR, hypertension, a history
of respiratory disorder and BMI and additionally
in individuals with T2DM social disadvantage
and SMI are factors that relate independently to
a less favourable outcome in the 28 days fol-
lowing a Covid-19 infection, here manifesting
as hospital admission. Furthermore being pre-
scribed an ACE inhibitor or antiplatelet agent
(associated with hypertension and diagnosed
cardiovascular disease) was also associated with
an increased likelihood of admission as was
social disadvantage as measured by the Town-
send index.
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Table 4 Final multivariable model combining individuals with diabetes and matched controls

T1DM
OR (95% CI)

T2DM
OR (95% CI)

Intercept

Age

Townsend Index
Sex—male
Diabetes

COPD

BMI
Ethnicity—African
Ethnicity—Asian
Ethnicity—Mixed
Ethnicity—Other

Hypertension

0.004 (0.001-0.012)
1.032 (1.017-1.046)
1.061 (1.003-1.123)
0.944 (0.637-1.401)
2369 (1.589-3.558)
1.035 (1.004-1.067)
1.958 (0.87-4.143)
2.229 (0.838-5.265)
1.387 (0.715-2.533)
4.145 (1.293-11.183)
1.42 (0.556-3.144)
1.125 (0.699-1.796)

0.004 (0.003-0.006)
1.037 (1.034-1.04)
1.054 (1.043-1.064)
1.387 (1.294-1.488)
1.102 (1.022-1.187)
1.026 (1.02-1.032)
1.635 (1.48-1.805)
1.794 (1.492-2.148
1.244 (1.116-1.384
1.996 (1.432-2.733
1.196 (0.999-1.424
1.133 (1.052-1.22)

)
)
)
)

For the T1IDM model, 34% (CI — 24%, 92%) of variation in the diabetes coefficient (from the base model to full
multivariable model) is explained by the variables in the final model
For the T2DM model, 49% (CI 17%, 80%) of variation in the diabetes coefficient (from the base model to full multivariable

model) is explained by the variables in the final model

The underlying causes and processes that
determine which individuals develop a severe
clinical course requiring hospitalisation follow-
ing Covid-19 infection will be complex and
multifactorial. Some of these will determine
how the innate and the acquired immune sys-
tems deal with the virus whereas other factors
will clearly relate to how well an infected indi-
vidual can regulate and maintain homeostasis
following gross perturbations in the metabolic
pathways and physiological processes. The
likelihood is that in a proportion of individuals
with diabetes the already existing consequences
of associated pathologies and multi-comorbid-
ity will in part explain why Covid-19 has such
severe consequences.

It should be mentioned that the advent of
treatment of hospitalised patients with dexam-
ethasone, when patients are hospitalised with
the pulmonary consequences of a Covid-19
infection, has significantly reduced mortality
rates across the world [13]. Use of this drug

continues to influence outcomes positively as
new virus variants have emerged. Additional
agents are also now available for Covid-19-af-
fected patients who become severely unwell
[14].

Within our analysis to determine what may
differentiate individuals with diabetes and from
those without diabetes regarding likelihood of
admission, a lower eGFR and higher average
blood glucose (as reflected by HbAlc) are shown
to be potential differentiating factors. Both have
been previously linked to an impaired cell-me-
diated immune response [15], which is critical
for effective acquired immunity to a Covid-19
infection.

It has been reported that within T2DM both
a diagnosis of COPD [16] and non-white eth-
nicity [17] resulted in a higher likelihood of
hospital admission. Previously we reported that
being older was the major risk factor for death
in people with T2DM, as also observed in the
general population [18].
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Vitamin D level may be a differentiating
factor linked to a more adverse outcome for
people with T2DM, is important and is further
evidence for the influence of vitamin D levels
on Covid-19 outcome [19, 20], although this
remains an area of much debate.

As we go forward in the ‘post pandemic’
world, where new variants of the Covid-19 may
arise, any evidence concerning factors that
confer greater risk of hospitalisation in people
with T1DM and T2DM will be helpful. This can
be seen in the context that potential pathogenic
links between the Covid-19 and diabetes melli-
tus include the influence of glucose homeostasis
and potentially altered immune status on the
progression of the SARS-CoV-2 viral infection
once established [21].

Much remains to be determined about why
having diabetes increases the risk of likelihood
of serious consequences of a Covid-19 infection.
Parveen et al. [22] reported that both a diagnosis
of diabetes and of hypertension had a negative
effect on the health status of patients with
Covid-19 and pointed out that large prevalence
studies were required. There were similar con-
clusions from Abdi et al. [23], as supported by
our findings.

We report that the presence of COPD/
asthma in association with a diagnosis of T2DM
increased the likelihood of admission as previ-
ously described [24, 25], but also that a diag-
nosis of SMI was associated with an increased
likelihood of admission. This accords with pre-
vious findings reported by Lee et al. in a Korean
study [26] and may relate to many people with
SMI being in relatively poor health and being in
a more disadvantaged sociodemographic
situation.

Our findings indicate that being on clopi-
dogrel, aspirin or an ACE inhibitor is related to
an increased risk of hospital admission within
patients with diabetes. This is likely to relate to
these agents only being given to people with
hypertension, proteinuria and/or a history of
vascular disease. Nevertheless we found that
much of the elevated likelihood of admission in
individuals with diabetes cannot be accounted
for by risk factors that have been measured in
the course of routine care.

Dexamethasone for the treatment of an
acute Covid-19 infection can increase blood
glucose levels [13] particularly in people with
diabetes. Therefore, frequent blood glucose
monitoring and personalized adjustment of
medications are required [27], with addition of
glucose-lowering therapy sometimes being
necessary.

Much less has been published about out-
comes in T1DM following Covid-19 infection.
Ebekozien et al. [28] described the most com-
mon presenting symptoms and outcomes for 64
people with T1IDM who have confirmed or
suspected Covid-19. More than 50% of all cases
reported hyperglycemia, and nearly one-third
of patients experienced diabetic ketoacidosis.

We suggest that while individuals with par-
ticular conditions have a higher risk for admis-
sion or dying following a Covid-19 infection,
this might be explained by there being a com-
posite/multifactorial measure of immunologi-
cal/metabolic resilience and reserve capacity for
dealing with acute inflammation and infection.
Resilience vs vulnerability would likely exist on
a continuum and be largely influenced by such
key factors as age, body mass index, respiratory
health/capacity, = underlying immunodefi-
ciency/autoimmunity status, renal function,
cardiovascular health and current/latent
infections.

In the same way that we have developed a
‘frailty score’ we do not have a Covid-19 infec-
tion resilience score in people with diabetes.
Such an approach would provide a cornerstone
for planning any future prevention strategies.

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 infection, and so the true prevalence
is unknown and can only be estimated. Thus
there is the likelihood of there being an under-
estimate of the total number of positive Covid-
19 test results. However there is no reason to
suspect that this would affect individuals with
diabetes vs those without diabetes differentially.
A strength is that by matching our cohort on
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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
cohort and the general population.

A further limitation is that the data only
covers Greater Manchester and we have relied
on general practice record coded diagnoses.

CONCLUSION

In a UK population we have confirmed a sig-
nificantly higher likelihood of admission in
people with diabetes following a Covid-19
infection. A number of factors including BMI,
blood pressure, socioeconomic situation and
ethnicity have been identified as possibly
mediating that increased likelihood of hospital
admission. For T2DM, the majority of factors
related to increased risk of admission are com-
mon to the general population but more
prevalent in T2DM. Metformin was protective.
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