The
University
s Of

)

2" Sheffield.

This is a repository copy of Incidence of diabetes mellitus following hospitalisation for
COVID-19 in the United Kingdom: a prospective observational study.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/221533/

Version: Published Version

Article:

Tyrer, F. orcid.org/0000-0003-2877-4342, Gharibzadeh, S., Gillies, C. et al. (32 more
authors) (2025) Incidence of diabetes mellitus following hospitalisation for COVID-19 in the
United Kingdom: a prospective observational study. Diabetes, Obesity and Metabolism, 27
(2). pp. 767-776. ISSN 1462-8902

https://doi.org/10.1111/dom.16071

Reuse

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the
authors for the original work. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

\ White Rose -
| university consortium eprints@whiterose.ac.uk
WA Universiies of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/




W) Check for updates

Received: 16 August 2024 | Revised: 1 November 2024 Accepted: 3 November 2024
DOI: 10.1111/dom.16071

ORIGINAL ARTICLE WILEY

Incidence of diabetes mellitus following hospitalisation for
COVID-19 in the United Kingdom: A prospective
observational study

Freya Tyrer PhD? | Safoora Gharibzadeh PhD! | Clare Gillies PhD? |
Claire Lawson PhD? | Ash Routen PhD? | Nazrul Islam MBBS® |
Cameron Razieh PhD? | Francesco Zaccardi PhAD? | Tom Yates PhD* |

Melanie J. Davies MD# | Christopher E. Brightling PhD> | James D. Chalmers PhD¢ |
Annemarie B. Docherty PhD’” | Omer Elneima MRCP> | Rachael A. Evans PhD> |
Neil J. Greening PhD> | Victoria C. Harris MSc®> | Ewen M. Harrison PhD” |

Ling-Pei Ho PhD® | Alex Horsley PhD® | Linzy Houchen-Wolloff PhD° |

Olivia C. Leavy PhD** | Nazirl. Lone PhD’ | Michael Marks PhD*? |

Hamish J. C. McAuley MBBS® | Krisnah Poinasamy MA®® |

Jennifer K. Quint MBBS'* | Betty Raman DPhil’®> | Matthew Richardson PhD°> |
Ruth Saunders PhAD> | Marco Sereno MSc® | Aarti Shikotra PhD¢ |

Amish Singapuri BSc® | Louise V. Wain PhD'! | Kamlesh Khunti MedSci®* | on
behalf of the PHOSP-COVID Study Collaborative Group

L eicester Real World Evidence Unit, Diabetes Research Centre, University of Leicester, Leicester, UK

2Centre for Ethnic Health, Diabetes Research Centre, University of Leicester, Leicester, UK

3School of Primary Care, Population Sciences and Medical Education, University of Southampton, Southampton, UK
4Leicester Diabetes Centre, Diabetes Research Centre, University of Leicester, Leicester, UK

5The Institute of Lung Health, NIHR Leicester Biomedical Research Centre, University of Leicester, Leicester, UK
®Ninewells Hospital and Medical School, University of Dundee, Dundee, UK

7Centre for Medical Informatics, The Usher Institute, University of Edinburgh, Edinburgh, UK

8MRC Human Immunology Unit, University of Oxford, Oxford, UK

?Division of Infection, Immunity and Respiratory Medicine, University of Manchester, Manchester, UK

19Centre for Exercise and Rehabilitation Science, NIHR Biomedical Research Centre, University of Leicester, Leicester, UK
*Department of Population Health Sciences, University of Leicester, Leicester, UK

12Department of Clinical Research, London School of Hygiene & Tropical Medicine, London, UK

13Asthma and Lung UK, London, UK

School of Public Health, Imperial College London, London, UK

15Radcliffe Department of Medicine, University of Oxford, Oxford, UK

16NIHR Leicester Biomedical Research Centre, University of Leicester, Leicester, UK

Members of PHOSP-COVID Study Collaborative Group are given in Table S5.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2024 The Author(s). Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.

Diabetes Obes Metab. 2025;27:767-776. wileyonlinelibrary.com/journal/dom 767



7 | WILEY.

TYRER ET AL

Correspondence

Freya Tyrer, Leicester Real World Evidence
Unit, Diabetes Research Centre, University of
Leicester, Leicester, UK.

Email: fct2@le.ac.uk; freya.tyrer@opri.sg

Funding information

National Institute for Health and Care
Research; UK Research and Innovation,
Grant/Award Numbers: MR/V027859/1,
COV0319

1 | INTRODUCTION

Abstract

Background: People hospitalised for coronavirus disease 2019 (COVID-19) have ele-
vated incidence of diabetes. However, it is unclear whether this is due to shared risk
factors, confounding or stress hyperglycaemia in response to acute illness.

Methods: We analysed a multicentre prospective cohort study (PHOSP-COVID) of
people 218 years discharged from NHS hospitals across the United Kingdom follow-
ing COVID-19. Individuals were included if they attended at least one research visit
with a HbA1c measurement within 14 months of discharge and had no history of dia-
betes at baseline. The primary outcome was new onset diabetes (any type), as defined
by a first glycated haemoglobin (HbAlc) measurement 26.5% (>48 mmol/mol). Fol-
low-up was censored at the last HbAlc measurement. Age-standardised incidence
rates and incidence rate ratios (adjusted for age, sex, ethnicity, length of hospital stay,
body mass index, smoking, physical activity, deprivation, hypertension, hyperlipidae-
mia/hypercholesterolaemia, intensive therapy unit admission, invasive mechanical
ventilation, corticosteroid use and C-reactive protein score) were calculated using
Poisson regression. Incidence rates were compared with the control groups of pub-
lished clinical trials in the United Kingdom by applying the same inclusion and exclu-
sion criteria, where possible.

Results: Incidence of diabetes was 91.4 per 1000 person-years and was higher in
South Asian (incidence rate ratios [IRR] = 3.60; 1.77, 7.32; p < 0.001) and Black eth-
nic groups (IRR = 2.36; 1.07, 5.21; p = 0.03) compared with White ethnic groups.
When restricted to similar characteristics, the incidence rates were similar to those in
UK clinical trials data.

Conclusion: Diabetes incidence following hospitalisation for COVID-19 is high, but it

remains uncertain whether it is disproportionately higher than pre-pandemic levels.

KEYWORDS
cohort study, population study, real-world evidence, type 1 diabetes, type 2 diabetes

remain.?° Much of the excess risk occurs in the first few weeks after

COVID-19 infection; however, elevated incidence has been found to

Coronavirus disease 2019 (COVID-19), an infectious disease caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2),! has had a devastating public health impact on mortality and mor-
bidity worldwide.? As of the December 2023, there have been almost
1.1 million hospitalisations for COVID-19 in the United Kingdom.®
Around 10%-20% of people who have acute COVID-19 infection
have persistent symptoms (Long Covid) of fatigue, shortness of breath
and cognitive dysfunction that continue beyond 12 weeks.*~” Among
people hospitalised for COVID-19, such persistent symptoms are
highly prevalent, occurring in 50%-70% of individuals during the first

289 and are associated with a high risk

6-12 months after discharge,
of longer term health complications, most commonly cardiovascular,
renal, respiratory or systemic conditions.®

One of the new-onset conditions associated with COVID-19, par-
ticularly in those hospitalised, is diabetes.!*~> The average excess risk
of both Type 1 (T1DM) and Type 2 diabetes mellitus (T2DM) has been

reported to be in the region of 30%-50%¢"'Y but uncertainties

endure beyond 1 year for T2DM, but not TIDM.'® The underlying
biological mechanisms are complex but believed to due to hyperin-
flammation associated with the acute presentation of COVID-19 and
subsequent persistent inflammation that damages the organs and pan-
creatic beta-cells to accelerate diabetes development.*®2°-2% These
metabolic effects appear to subside over time and do not appear to
be related to obesity or pre-diabetes status'® but are associated with
inflammatory response, vaccination status and COVID-19
severity. 142425

The majority of studies that estimate diabetes risk following
COVID-19 involve retrospective cohort studies, often using electronic
health records, which means that the measurement of risk factors and
diabetes may be less accurate and consistent than prospective cohort
studies. Another common challenge relates to confounding as people
with diabetes, including those that are undiagnosed prior to hospitali-
sation, are more likely to develop symptoms that require hospitalisa-
tion.?>?® Diabetes and hospitalisation for COVID-19 also share
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common risk factors, such as obesity, ethnicity, older ages and pres-
ence of co-existing long-term conditions.2® Moreover, glycaemic and
metabolic changes as a response to stress (stress hyperglycaemia) are

27.28 and can lead

common in hospitalised individuals with acute illness
to an overestimation of new diabetes cases. Nonetheless, any poten-
tial increased incidence of diabetes in people who are hospitalised for
COVID-19 is a major public health concern as the burden of diabetes,
in particular T2DM, is already large, affecting 462 million (6.3%) indi-
viduals globally and contributing to the top 10 leading causes of dis-
ability and mortality worldwide.2?~3! The risk of future adverse health
events following hospitalisation for COVID-19 is also a priority area
among those affected.®? With this in mind, the present study aimed
to use prospective data to investigate the relationship between hospi-
talisation for COVID-19 and incident diabetes.

2 | MATERIALS AND METHODS

21 | Study design and participants

The study followed the reporting of studies conducted using observa-
tional routinely-collected health data (RECORD) checklist®® (Table S1).
We used the PHOSP-COVID cohort, a multicentre, prospective
cohort study which has been described previously.243* Briefly, the
sample population comprised people aged 18 years and older who
were discharged from 83 National Health Service (NHS) hospitals
across the United Kingdom following admission to a medical assess-
ment unit or ward for confirmed or clinician-diagnosed COVID-19 to
31 March 2021. As we required follow-up data for this study, we
included participants who consented to attend additional in-person
research visits (tier 2, 39 sites; Figure S1) within approximately 1-year

from discharge alongside routine clinical care.

2.2 | Ethical approval

All study participants taking part in the PHOSP-COVID study give
written informed consent. The study has NHS ethics approval from
the Leeds West Research Ethics Committee (20/YH/0225) and is reg-
istered on the ISRCTN Registry (ISRCTN10980107).

2.3 | Procedures

2.3.1 | Participant selection

We included participants in the PHOSP-COVID cohort if they
attended additional in-person research visits (i.e., tier 2 participants) at
2-7 months after discharge (5-month visit) and/or at 10-14 months
(1-year visit). We included information on covariates available at base-
line (i.e., at hospital discharge) that were conceptually related to both
hospitalisation for COVID-19 and incident diabetes: demographics,
length of hospital stay, lifestyle (smoking, physical activity),

comorbidities (hypertension, hyperlipidaemia/hypercholesterolaemia)
and in-hospital factors (intensive therapy unit [ITU] admission, inva-
sive mechanical ventilation, corticosteroid use, C-reactive protein).
We excluded patients with missing baseline assessment dates (n = 2),
a diagnosis of diabetes (self-reported and/or through healthcare
records) at baseline (n = 538), taking glucose-lowering therapies at
baseline (n = 41) or without HbAlc measurements post-hospitalisa-

tion (n = 538). Figure S1 shows the population flow diagram.

2.32 | Outcome

The primary outcome for this analysis was new onset diabetes,
defined as a first glycated haemoglobin (HbA1c) measurement 26.5%
(248 mmol/mol). Follow-up was censored at the last HbAlc measure-
ment. Those without HbAlc measurements at post-hospitalisation

visits (n = 538) were excluded from the analysis.

2.3.3 | Statistical analysis

We described the characteristics of the population for potential con-
founders (i.e., conceptually related to both diabetes and COVID-19
hospitalisations) by incident diabetes status, using means (SD; contin-
uous covariates) and numbers (percentages; binary/categorical
covariates).

Observed age-standardised (10-year groups, using mid-year pop-
ulation statistics for 2021°°) incidence rates for diabetes were calcu-
lated for males and females. Incidence rate ratios (IRRs) by age at
admission (years), gender, ethnicity (White, South Asian, Black Afri-
can/Caribbean, other/not stated [amalgamated for confidentiality]),
length of hospital stay (<10, 10-<30, 30+ days), baseline body mass
index (BMI; kg/m?), smoking status (smoker/ex-smoker [amalgamated
owing to small numbers]; non-smoker); physical activity (from the
General Practice Physical Activity Questionnaire [GPPAQ]®®: inactive;
moderately inactive; moderately active; active, not stated), quintile of
multiple deprivation (IMD) (stratified into: 1 [most deprived]; 2 [second
most deprived]; 3/4/unknown; 5 [least deprived]), hypertension,
hyperlipidaemia/hypercholesterolaemia, ITU admission, invasive
mechanical ventilation, corticosteroid (oral/intravenous [IV]) treat-
ments and elevated serum C-reactive protein score (>10.0 mg) were
reported using Poisson regression with person-time as a (log) offset
(date of discharge from hospital [index date] to first diabetes/censor-
ing date). As BMI was not available for all participants, we conducted
a sensitivity analysis using BMI category (normal/underweight:
BMI < 25 kg/m? [<10 participants were underweight: BMI < 18.5 kg/
m?]; overweight: BMI 25-<30 kg/m? obese: BMI 2 30 kg/m?; and
unknown BMI category). Both the World Health Organization
and National Institute for Health and Care Excellence recommend a
lower BMI cutoff of 27.5kg/m? among Asian populations®”-38
because they tend to have more centralised distribution of body
fat®?% and need lower BMI and waist circumference to confer equiv-

alent risk profiles.** Therefore, we conducted a second sensitivity

sdiy) SUONIPUOD pue SWIAL, A1 39S “[$Z0Z/10/01 ] U0 Aeaqry AuIUQ K[ 1591 Aq 12091 WOP/[ [ 11°01/10p/wod durjuowniesa|poid-saforad-sqnd-wopy/:sdny woij papeojumoq ‘ ‘202 ‘9zE1€9¥1

SULIDY/WOD" K3[1mKTRIqI[auI[UO,

bl

AsU2DI'T suowwo)) aanear) ajqearidde ayy £q pauraaos are saponIe Y oSN Jo sa[nI 10J A1eIqr AuruQ K1 UO (SUONIPUC



™ | WILEY.

TYRER ET AL

analysis using the lower BMI cutoff of 27.5 kg/m? for obesity among
South Asian participants.

To determine whether incident diabetes was disproportionately
higher after hospitalisation for COVID-19 using similar prospective
designs with HbA1c follow-up measurements, we compared our find-
ings with the control groups of published clinical trials and prospective
studies among adults (including non-hospitalised patients) where the
primary or secondary outcome was incident diabetes (or T2DM as
the largest contributor to diabetes®?), applying the same inclusion and
exclusion criteria, where possible. Clinical trials and prospective
cohort studies (primary research) published in the English language
over the last 10 years (since 1 January 2010; search run 10 June
2024) were identified via a search of electronic health records (Med-
line [OVID platform]—Table S2 reports the search strategy). To repli-
cate the PHOSP-COVID cohort as far as possible, we only included
studies carried out in the United Kingdom. All analyses were carried
out in Stata v18.4

3 | RESULTS

3.1 | Demographic characteristics

From the initial sample of 7768 individuals, a total of 1426 were
included in the study population (see Figure S1). Of these, 99 (6.9%)
met the criteria (HbAlc = 6.5%) for diabetes during follow-up (mean
HbAlc = 7.4% [range 6.5-15.8%]). Most individuals with diabetes
(h = 68; 70%) were identified at their 5-month visit; 33 (49%) of these
individuals also had a 12-month HbA1c measurement (i.e., 24/33 had
persistent diabetes [HbAlc = 6.5%]). Of those with both an HbAlc
and CRP measurement at 5 months (n = 1223), a greater proportion
of individuals with new-onset diabetes had elevated serum C-reactive
protein scores (21% vs. 10%); this pattern was also observed at
12 months (22% vs. 9%). Among people identified with diabetes, 10%
(n=10/99) were recorded as taking glucose-lowering medication
between discharge and follow-up. All individuals in the cohort were
discharged from hospital between February 2020 and
31 March 2021.

In the total study population, mean age was 57.5 years (range
21-91), there were more males than females (59% vs. 41%) and most
participants were white (77%; n = 1101), with 7.0% (n = 106) South
Asian and 6% (n = 81) from Black African/Caribbean ethnic categories
(Table 1). The other/unknown ethnic categories were most commonly
mixed categories. Average (mean) BMI was in the obese range
(230 kg/m?) and around half of participants (53%; n = 760) reported
being physically inactive. Most individuals (66%; n = 877) were in
hospital for <10 days. Overall corticosteroid use was high, with more
than half (56%; n=800) receiving oral or IV therapies; 93%
(h = 1327) had elevated inflammation makers (C-reactive protein
>10.0 mg); 30% (n = 427) were treated in ITU; and 15% (n = 219)
received invasive mechanical ventilation for COVID-1related respira-
tory issues. At baseline, most individuals (n = 1410; 99%) had not yet
been vaccinated (vaccine rollout was in December 2020 in the
United Kingdom). A relatively low proportion of individuals reported

feeling fully recovered from COVID-19 at their 5-month (n = 271;
19%) or 12-month visit (n = 273; 19%); this was not substantially dif-
ferent for those who developed diabetes (5-month visit: n = 14
[14%]; 12-month visit: n = 21 [21%]).

3.2 |
cohort

Incidence of diabetes in PHOSP-COVID

During 1103.2 person-years (PY) of observation, the age-standardised
incidence of diabetes was 91.4 per 1000 PY ([95% ClI] 75.1, 11.2);
84.9 (65.0, 110.9) in males and 100.2 (74.9, 134.1) in females.

The adjusted incidence rate ratios of diabetes by age, sex, ethnic-
ity, length of hospital stay, BMI, smoking status, inactivity, deprivation
status, presence of hypertension and hyperlipidaemia/hypercholester-
olaemia, ITU admission, invasive mechanical ventilation, corticosteroid
use and C-reactive protein is shown in Figure 1. Compared with the
White population, South Asian ethnic groups were around 3-times
more likely (IRR = 3.60 [95% Cl: 1.77, 7.32]; p < 0.001) and Black eth-
nic groups around 2.4-times more likely (IRR =2.43 [1.07, 5.21];
p = 0.03) to have diabetes at follow-up. We did not observe any
independent effects of length of hospital stay, deprivation, smoking,
self-reported (GPPAQ) inactivity, hypertension, hyperlipidaemia/
hypercholesterolaemia, ITU admission, invasive mechanical ventila-
tion, corticosteroid use or C-reactive protein. The sensitivity analysis
using BMI category (including unknown) revealed marginally higher
incidence rate ratios for South Asian individuals compared with white
individuals (IRR = 3.62 [1.95, 6.74]; p < 0.001) (Figure S2). For Black
African/Caribbean individuals, the rate of diabetes lowered to 2-fold
(compared with the White population) in the sensitivity analyses and
was of borderline significance at the 5% level (IRR = 2.01 [1.00, 4.05];
p = 0.05). In this analysis, longer hospital stays (10-<30 vs. <10 days)
were also associated with an increased risk of diabetes (IRR = 1.64
[1.02, 2.65]; p = 0.04). Similar findings were observed when BMI obe-
sity threshold were lowered for South Asian participants (sensitivity
analysis 2; Figure S3; IRR = 3.46 [1.87, 6.41]; p < 0.001 for South
Asian vs. white ethnic groups).

3.3 | Comparison with incidence rates from the
literature

Of 67 articles identified from the Medline search, 19 studies were
screened. The most common reason for rejecting studies was that the
outcome encompassed self-reported diabetes measures (n = 7; 37%).
Most of the prospective cohort studies identified were based on UK
Biobank data, incorporating a published algorithm to derive diabetes,
based on linkage to primary and secondary care data®®; these were
rejected as HbAlc was not routinely collected as part of the study.
Only two studies, both clinical trials, were identified as using compara-
ble prospective methods (Figure S3 shows PRISMA** flow dia-
gram).*>4¢ The trials are summarised in Table $2; both focused on
incident T2DM and used control groups (for comparison) with pre-dia-
betes (n = 433%) or non-diabetic hyperglycaemia (n = 178%), The
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TABLE 1 Baseline characteristics of study population, stratified by diabetes status at follow-up.

No diabetes (n = 1327) Diabetes (n = 99)
Characteristics Number Mean (SD)/percent Range Number Mean (SD)/percent Range
Mean follow-up (years) 1327 0.8(0.3) 0.1-1.2 99 0.7 (0.3) 0.2-1.2
Demographics
Age at admission (years) 1327 57.4(12.9) 21-91 99 58.3(11.1) 28-83
Baseline BMI 978 31.7 (7.4) 17-79 72 32.7 (6.4) 22-55
Length of hospital stay, day
<10 826 62.3 51 515
10-<30 336 25.3 34 344
30+ 165 124 14 14.1
Sex
Male 784 59.1 54 54.5
Female 543 40.9 45 45.5
Ethnicity
White 1041 784 60 60.6
South Asian 92 6.9 14 14.1
Black 71 54 10 10.1
Other/not known 123 9.3 15 15.2
Deprivation quintile
1 (most deprived) 275 20.7 28 28.3
2 (second most deprived) 296 22.3 23 23.2
3/4/unknown 484 36.5 31 31.3
5 (least deprived) 272 20.5 17 17.2
Lifestyle
Smoking
Non-smoker 740 55.8 63 63.6
Ex-smoker/smoker 587 44.2 36 364
Physical activity
Inactive 517 39.0 35 354
Moderately inactive 192 14.5 16 16.2
Moderately active 246 18.5 20 20.2
Active 243 18.3 17 17.2
Not stated 129 9.7 11 111
Comorbidities®
Hypertension
Present 351 26.5 34 34.3
Hyperlipidaemia/hypercholesterolaemia
Present 192 14.5 15 15.2
In-hospital factors
Corticosteroids (oral/IV) 741 55.8 59 59.6
Intensive therapy unit admission 394 29.7 33 33.3
Invasive mechanical ventilation 203 15.3 16 16.2
Elevated C-reactive protein score (>10.0 mg) 1232 92.8 95 96.0

Note: Numbers <5 (or those that can be derived from missing rows) are not displayed or are amalgamated (most commonly ‘not stated’ with ‘no’) to
preserve confidentiality.

Abbreviation: IV, intervenous.

@Please see Table S2 for a full list of comorbidities.
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Events IRR (95% ClI)

Age at admission (years) :- 72 1.01(0.99-1.04)
Sex: Male - 41 0.87 (0.53-1.42)

Length of hospital stay: <10 days [ 38 (ref
10-<30 days - ] 23 1(.47)20.82—2.64;
30+ days | = 11 1.62(0.63-4.17

Ethnic group: White ™ 40 (ref
~ South Asian ! = 11 gG()) 1.77-7.32
Black African/Caribbean : - 8 2.36(1.07-5.21
Other / Not stated | = 13 3.12(1.61-6.05

1

BMI (kg/m?) = 72 1.03(1.00-1.06)

Physical activity: Inactive

Smoking status: Ex-smoker/non-smoker
Deprivation quintile: 1 (most deprived

g

0.96 (0.58-1.57)
0.93 (0.57-1.51)

2 (second most deprived

| |
| |
-
o~

1.22 (0.59-2.51

1.13 %0.54—2.39%

3/4/unknown
5 (least deprived)

Hyperlipidaemia/Hypercholesterolaemia

23 0.78 (0.39-1.56
(ref)

Hypertension
ITU admission

10 0.89(0.43-1.83)
- 25 1.30(0.76-2.21)

= 27 1.16 (0.62-2.19)

Mechanical ventilation
Treatment with corticosteroids (oral/lV)

14 0.67 (0.28-1.59

—_——)———t -+ 4 -
-
w

|

Elevated serum C-reactive protein (>10.0 mg)

( )
1.10 (0.68-1.78)
68 1.14 (0.40-3.25)

0.3 0.5

FIGURE 1

T T T T
1.0 15 20 4.0 8.0
Incidence rate ratio for diabetes

Incidence rate ratio for diabetes in PHOSP-COVID sample (n = 1050). Patients with missing body mass index (BMI) were excluded

from this analysis. The findings were repeated for all participants (using unknown BMI category as a separate category); see Figure S2. Estimates
adjusted for all covariates shown in graph. Cl, confidence interval; IRR, incidence rate ratios; ITU, intensive therapy unit.

- 69 87.2(68.9-110.4)

Events IRR (95% CI) FIGURE 2 Comparison
between PHOSP-COVID
incidence rate of diabetes (all) and
clinical trials (Type 2 diabetes
mellitus only). Please see Table S2
for details on inclusion/exclusion

criteria for clinical trials and

67 63.2 (49.0-80.3)

39 110.0 (78.2—-150.4)
PHOSP-COVID sample. Cl,

28 94.7 (65.4-137.1) confidence interval; IRR,

Let's Prevent: (Davies et al.,, 2016) -
PHOSP-covD 77 o
© NDPS (Sampsonetal,2021)
PHOSP-CcOVID ==----- -
400 60.0 80.0 1200 160.0

incidence rate ratios.

Incidence rate of diabetes

control populations in these trials received standard care or an infor-
mation leaflet on risk factors for T2DM. Figure 2 illustrates how the
diabetes incidence rates in PHOSP-COVID differed from the trials
when restricted to similar characteristics. The incidence rates in this
PHOSP-COVID cohort were similar: 87.2 [68.9, 110.4] versus 63.2
[49.0, 80.3]** and 94.7 [65.4, 137.1] versus 110.0 [78.2, 150.4].%¢

4 | DISCUSSION

In adults admitted to hospital with COVID-19 in the United Kingdom,
new-onset diabetes occurred in 91.4 (75.1, 111.2) per 1000 person-
years. These findings are higher than estimates in non-hospitalised
individuals,*> but not markedly different from clinical trials of T2DM
pre-COVID when restricted to similar characteristics. In this PHOSP-

COVID cohort, people from South Asian (IRR: 3.6) and Black (IRR: 2.4)
ethnic groups were more severely affected than White groups.
Overall, our findings are similar to previous research which has
found that incident diabetes is high in hospitalised patients with
COVID-19.151947 A recent systematic review and meta-analysis of
observational studies found an incidence rate of 15.5 (95% Cl: 7.91,
25.64) per 1000 person-years for all (i.e., including non-hospitalised)
COVID-19 cases*® which is around 6-times lower than the incidence
rates observed in this PHOSP-COVID population. For hospitalised
COVID-19, our findings are largely consistent with England-wide find-
ings of 99.5 per 1000 (vaccinated cohort) and 100.3 per 1000 (unvac-
cinated cohort) for T2DM and 1.7-13.5 per 1000 for T1DM, but are
higher than the pre-vaccination rates for T2DM of (44.5 per 1000).1°
The findings are substantially higher than post-discharge rates using
the National Diabetes Audit (NDA) of 16.4 per 1000 population.*
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Unlike this PHOSP-COVID study, the NDA study excluded individuals
that had diabetes prior to discharge and within 14 days post-dis-
charge. Previous evidence suggests that high glucose levels immedi-
ately following hospitalisation for COVID-19 do not persist beyond
the recovery stage.'® Our finding that more than one-third (n = 9/33)
individuals who met the criteria for diabetes at their 5-month visit no
longer met the required HbA1c threshold at their 12-month visit, sug-
gests that some of the diabetes cases that we identified resolved.

The comparison cohorts were chosen from non-hospitalised pro-
spective UK studies that tested HbAlc during follow-up. One of the
key differences between the PHOSP-COVID population and those of
the UK clinical trials we identified for comparison is that the trials were
restricted to people who had elevated blood glucose levels (impaired
fasting glycaemia or impaired glucose tolerance) but did not meet the
criteria for diabetes. Previous studies of critically ill hospitalised
patients (without diabetes at admission) suggest that around 47%-
61% of patients exceed the upper limit of the normal glucose range
because of acute or stress hyperglycaemia.?”?8 A further 48% of indi-
viduals treated with corticosteroids (56% of the PHOSP-COVID
cohort) present with steroid-induced hyperglycaemia.>® Therefore, we
would expect less than half of individuals in the PHOSP-COVID cohort
to have a normal glucose range at baseline. We included individuals
who attended a 5-month (range 2-7 months) and/or 12-month (range
10-14 months) research visit after discharge from hospital, so we do
not know how long HbA1c levels were elevated. Although associated
with poorer outcomes* and increased incidence of type 2 diabetes,’?
around 73% of hyperglycaemia/diabetes resolves after alleviation of
acute COVID-19 illness,*® so we might expect the clinical trials to find
higher incidence of diabetes than this hospitalised COVID-19 cohort.
However, we also need to balance this against the absence of a fully
objective diabetes measure (diabetes was reported using self-report
and/or healthcare record) at baseline (an estimated 9% of adults pre-
senting to hospital in the United Kingdom have undiagnosed diabe-
tes®®) and that the clinical trials were restricted to T2DM which
accounts for only 90% of all diabetes cases.>* More persistent diabetes
after COVID-19 is hypothesised to be a result of prolonged inflamma-
tion that damages the organs and pancreatic beta-cells.*®2172% This
can also apply to other infections where insulin resistance (to facilitate
the immune response) after recovery increases the susceptibility for
diabetes.>® Previous research suggests that prevalence rates of diabe-
tes are higher among people with pulmonary tuberculosis®® and human
immunodeficiency virus (HIV).>” Large observational studies have also
found higher incident rates of diabetes in people with COVID-19 com-
pared with influenza,*”>® but have attributed this to greater clinical
severity of COVID-19 rather than the virus itself.® We recommend
further work in this area.

We found a higher relative incidence rate of diabetes in people
from South Asian and black minority ethnic groups, but that this was
not disproportionately greater from that expected in the general pop-
ulation. The incidence of diabetes among South Asian and Black Afri-
can/Caribbean ethnic groups is around 2-4 times higher compared

5960 which is consistent with the findings in

with White ethnic groups
this study. South Asian groups, in particular, are more likely to develop

diabetes younger and with lower BMIs.®* The reasons for this are

complex, but appear to driven by higher visceral adiposity leading to
insulin resistance. It is also hypothesised that lean muscle mass,
accentuated by hepatic fat accumulation, may reduce beta function
and impair insulin action in South Asian populations.®? Our findings
suggest that this may remain a concern among those hospitalised for
COVID-19, although we acknowledge that the sample size is small.
This study has the advantage of being population-based, contain-
ing a large cohort of people hospitalised for COVID-19 in the
United Kingdom. Data were robust and prospectively collected,
including objectively-reported HbAlc measurements. However, we
are unable to determine the type of incident diabetes in individuals
studied. Thus far, research suggests that both TIDM and T2DM
increase after COVID-19%¢"'%; we are unable to provide further
insight into this. Another limitation of the PHOSP-COVID cohort is
that it has a greater proportion of males and more severe COVID-19
cases (i.e., requiring invasive ventilation)®® than those seen in the gen-
eral UK hospital setting. Therefore, it may not be representative of
COVID-19 patients during that period as a whole. In particular, we
were only able to follow-up individuals who survived beyond dis-
charge so may have missed some diabetes cases. We were also not
able to look at people with newer variants of SARS-CoV-2, which may
have had different effects on immune response. Similarly, returning
participants for 1-year visits may be different from those who do not
return, even though their demographic characteristics have been
found to be similar.?® Another key limitation is that comorbidities,
including diabetes, were self-reported and/or identified from health-

care records at baseline, so prone to response bias.

5 | CONCLUSIONS

Diabetes incidence following hospitalisation for COVID-19 is high,
but there is uncertainty as to whether it is higher than pre-pandemic
levels in the absence of a representative control population. These
patients need longer follow-up to determine whether their diabetes
goes into remission or has more aggressive progression as a result of
inflammation post-hospitalisation. Given that this hospitalised
COVID-19 cohort was typically obese, weight reduction strategies

should be a consideration.
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