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Summary

Background People with diabetes are at increased risk of hospitalisation, morbidity, and mortality following SARS-
CoV-2 infection. Long-term outcomes for people with diabetes previously hospitalised with COVID-19 are,
however, unknown. This study aimed to determine the longer-term physical and mental health effects of COVID-
19 in people with and without diabetes.

Methods The PHOSP-COVID study is a multicentre, long-term follow-up study of adults discharged from hospital
between 1 February 2020 and 31 March 2021 in the UK following COVID-19, involving detailed assessment at 5
and 12 months after discharge. The association between diabetes status and outcomes were explored using
multivariable linear and logistic regressions.

Findings People with diabetes who survived hospital admission with COVID-19 display worse physical outcomes
compared to those without diabetes at 5- and 12-month follow-up. People with diabetes displayed higher fatigue
(only at 5 months), frailty, lower physical performance, and health-related quality of life and poorer cognitive
function. Differences in outcomes between diabetes status groups were largely consistent from 5 to 12-months. In
regression models, differences at 5 and 12 months were attenuated after adjustment for BMI and presence of
other long-term conditions.

Interpretation People with diabetes reported worse physical outcomes up to 12 months after hospital discharge with
COVID-19 compared to those without diabetes. These data support the need to reduce inequalities in long-term
physical and mental health effects of SARS-CoV-2 infection in people with diabetes.

Funding UK Research and Innovation and National Institute for Health Research. The study was approved by the
Leeds West Research Ethics Committee (20/YH/0225) and is registered on the ISRCTN Registry (ISRCTN10980107).

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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(T2DM), respectively.’ Further, primary data analyses,
and meta-analyses, have also reported increased severity
of COVID-19 outcomes and mortality in people with
diabetes.”*> In cohorts of formerly hospitalised patients

Introduction

People living with diabetes have been at increased risk
of severe outcomes and death during previous pan-
demics. For example, within hospitalised cohorts during

the 2009 influenza A (HIN1) outbreak, people with
diabetes had greater than four times increased odds of
admission to an intensive care unit when compared to
those without diabetes.” Similarly, throughout the
COVID-19 pandemic, people with diabetes have been at
increased risk of hospitalisation, morbidity, and mor-
tality following SARS-CoV-2 infection? A large
population-level study which utilised data from over 60
million people in England compared COVID-19 out-
comes in people with and without diabetes, adjusting
analyses for age, sex, deprivation, ethnicity, and
geographical region. This study reported a 3.5 fold and
two-fold greater risk of COVID-19-related mortality in
people with type 1 diabetes (T1DM) and type 2 diabetes

who have survived a serious illness, it is well evidenced
that prolonged morbidity, including impaired functional
status, poorer mental health, and greater healthcare
service use can persist for several years.® In addition, a
large proportion (nearly 1 in 2) of people hospitalised or
non-hospitalised with COVID-19 display a range of
ongoing persistent symptoms (>12 weeks), which has
been termed ‘Long Covid’.” What is less clear, however,
is the physical and mental health outcomes during
longer-term follow-up for people with diabetes who were
previously hospitalised with COVID-19. Only two pre-
vious small sample studies, including around 100 pa-
tients, have identified a number of long-term effects (at
6-9 months) in people with diabetes, compared to those
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Research in context

Evidence before this study

We searched PubMed for studies of the long-term effects of
COVID-19 on individuals after hospitalisation, published from
January 1 2020 to June 29 2023. We used the search terms
(“COVID-19" and [“long-term” OR “sequelae” OR
“consequences”] and “diabetes”) for Title only. We excluded
studies that did not include diabetes populations and that
were not in the English language. We identified one single-
centre cross-sectional study of 112 hospitalised and non-
hospitalised patients 9 months after acute infection. Fatigue,
shortness of breath and chest pain were markedly higher in
people with diabetes compared to those without. We also
identified one prospective cohort study of 141 hospitalised
patients 6 and 12 months after discharge. People with
diabetes had significantly higher incidences of residual lung
abnormalities at 6 months compared to those without.
Finally, in a prospective cohort study of 248 COVID-19
patients discharged from hospital, diabetes status was
associated with a greater risk of palpitations at 12 months.
The impact of COVID-19 on long-term physical and mental

without diabetes, including fatigue, shortness of breath,
chest pain, and residual lung abnormalities.** The
Physical, cognitive, and mental health impacts of
COVID-19 after hospitalisation (Post-Hospitalisation
COVID-19 study, or PHOSP-COVID) study, a UK
multicentre, prospective cohort, collected data at 5 and
12 months post-discharge, including detailed recording of
symptoms and physiological and biochemical testing.'
From the initial 5-month follow-up of PHOSP-COVID
data in 1077 discharged patients, only 29% of 830 par-
ticipants reported feeling fully recovered, and 20% of 806
had a new disability. More than a quarter of the cohort
had clinically significant symptoms of anxiety and
depression and 12.2% reported symptoms of post-
traumatic stress disorder (PTSD)." In terms of physical
functioning, 46.2% scored 10 or less on the short physical
performance battery (SPPB), which indicates functional
impairment.” The proportion of individuals reporting full
recovery was unchanged in a subsequent analyses of
12 month data from the same cohort (n = 807)." In this
cohort, the most common comorbidities were cardiovas-
cular, respiratory, and type 2 diabetes (19.8%), with two or
more comorbidities among factors associated with not
recovering. There were also either no or minimal im-
provements in anxiety, depression, PTSD, physical func-
tion (SPPB and ISWT), and other outcomes." The longer
term physical and mental health outcomes for people
with diabetes who were previously hospitalised with
COVID-19, however, remains to be explored, and there
are currently no published data on this globally. The
purpose of the present study therefore was to utilise the
PHOSP-COVID cohort to examine the longer-term
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health outcomes after hospitalisation in diabetes populations
is not well understood.

Added value of this study

To our knowledge, we report on the first and largest
prospective cohort study of the long-term physical and
mental health effects of COVID-19 in people with diabetes
one year after hospitalisation. Our findings show that people
with diabetes who have survived hospital admission with
COVID-19 display worse physical and mental health outcomes
(fatigue (only at 5 months), frailty, number of symptoms,
lower aerobic fitness, physical performance, cognitive
function and health-related quality of life) compared to those
without diabetes at 5- and 12-month follow-up. They also
highlight that, differences in outcomes between diabetes
status groups largely persist from 5 to 12-months.

Implications of all the available evidence

These data support the need to reduce inequalities in long-
term physical and mental health effects of Long Covid in
people with diabetes.

physical and mental health effects of SARS-CoV-2 infec-
tion in people with diabetes 12 months following hospital
discharge and understand whether there are differences
in COVID-19 recovery in those with and without diabetes.

Methods

Study design and participants

This analysis was conducted within the framework of
PHOSP-COVID, a prospective cohort study in the UK.
PHOSP-COVID is a multicentre, long-term follow-up
study that recruited adults (>18 years) who were dis-
charged from one of the 83 National Health Service
(NHS) hospitals across England, Northern Ireland,
Scotland, and Wales following a diagnosis of COVID-19
(confirmed or clinically suspected) before March 31,
2021."> COVID-19 status was ascertained by a reverse
transcriptase polymerase chain reaction (RT-PCR) test
for SARS-CoV-2 or a clinician diagnosis. Individuals
were excluded if they attended the emergency depart-
ment but were not admitted to hospital or if they had an
existing condition with a life expectancy of less than 6
months.” The study was approved by the Leeds West
Research Ethics Committee (20/YH/0225) and is
registered on the ISRCTN Registry (ISRCTN10980107).
The recruitment process and study design have been
reported previously.'

Procedures

Participants were invited to attend two research visits at
5 (range 2-7) months and 12 (range 10-14) months
post-discharge. from hospital.”* Participants were also
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allowed to attend a 1-year visit only if they were outside
the time period for a 5-month visit at the time of consent
and were discharged before November 30, 2020. At both
visits, a core set of outcome variables were collected; the
outcomes and how they were collected are listed in
Tables S1 and S2. These variables included baseline
demographics, and PCR test for SARS-CoV-2, as well as
a range of physical and mental health measures. In
addition to this follow-up data, acute admission details
were captured.

The outcomes used in the present analysis include:
Anxiety which was assessed using the Generalised
Anxiety Disorder 7-item scale (GAD-7), with scores
ranging from 0 to 21. A threshold of 8 was used, where a
GAD score greater than 8 suggested at least mild-
moderate anxiety,” fatigue (Functional Assessment of
Chronic Illness Therapy—Fatigue (FACIT) and Visual
Analogue Scale (VAS), The Montreal Cognitive Assess-
ment (MoCA), with a total score ranging from 0 to 30,
total scores below 23 were indicative of at least mild
cognitive impairment,'® physical performance/exercise
capacity (incremental shuttle walk test (ISWT)), and
health-related quality of life (EQ-5D-5L) (Table S1).
Treatments and organ support received were obtained
from hospital notes by the study team at each site.
Diabetes status was determined retrospectively through
hospital records completed by the treating physician. A
recording of diagnosed diabetes or evidence of a pre-
hospitalisation prescription of glucose lowering medi-
cation were used to define diabetes for the purposes of
this study."”

Role of funding

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Statistical analysis
Univariable normality of continuous variables were
checked by Shapiro—Francia tests and graphical methods
(such as box plot and Q-Q plot)'®” and normally
distributed variables were described by reporting the
mean (standard deviation); median and inter-quartile
ranges were used to report non-normally distributed
variables Participants were categorised based on their
diabetes status into two groups: “yes” (with diabetes) and
“no” (without diabetes), without further differentiation
between type 1 or type 2 diabetes. Subsequently, for each
research visit, differences between diabetes groups in
relation to continuous outcomes were assessed using
either independent t-tests or Welch t-tests, depending on
the homogeneity of variances. In instances of non-
normality, the Mann-Whitney U test was applied. Wil-
coxon signed rank test was applied to evaluate the change
between 5 and 12 months in both groups.

Categorical outcomes, delineated by frequency and
percent distribution in each group, were analysed using

chi-squared tests. In cases where 20% of cells exhibited
an expected frequency of less than 5, the Fisher’s exact
method was employed for comparison. Wilcoxon
signed-rank tests were used to compare paired data
within diabetes status groups between 5-month and 1-
year visit.

Selection bias is one of the most common sources of
bias in observational studies, particularly where there is
attrition at follow-up. In order to reduce selection bias,
Inverse Probability of Censoring Weighting (IPCW) was
used.” The probability of censoring was estimated using
a logistic regression model and the inverse of these
probabilities was used as the weight. Stabilised weights
were applied as they are generally less variable than
standard weights.”’ Using disjunctive cause criterion,”
variables including age (with four knots, placed on the
5%, 35%, 65% and 95% quantiles following Harrell’s
suggestion),” sex, diabetes status, educational level,
ethnicity, deprivation index, hospitalisation duration,
referred to another specialty, number of comorbidities,
muscle ache were entered into the model with censoring
as the outcome. A sandwich variance estimator with
clustering by subject was used to obtain valid, but con-
servative, confidence intervals for IPCW estimators.*

The association between outcomes and diabetes sta-
tus at both time points was evaluated using logistic
regression or linear regression models, as applicable.
Association of diabetes with outcomes of interest re-
ported as beta coefficient (95% CI) or Odds Ratio (95%
CI) for the binary outcome.

Initially, adjustments were made in a hierarchical
manner. Model 1 was adjusted for age and sex,
capturing their potential confounding effects. Model 2
was adjusted for age, sex, index of multiple deprivation,
ethnicity, and education to account for broader socio-
demographic factors. In Model 3, all covariates from
Model 2 were included, with the addition of body mass
index (BMI) considering its relevance to diabetes and
the outcomes under investigation. Finally, Model 4
included the covariates from Model 3 and further
incorporated the “number of comorbidities” as an
additional factor. The number of comorbidities for pa-
tients with diabetes is defined as “plus one, “all of the
patients with diabetes already have at least one co-
morbidity.

To assess the association between the measurement
taken at 5 months and the outcome observed at 1 year,
an alternative strategy was employed.

In addition to the primary analyses, the severity of
symptoms at baseline was further evaluated by
including admission to the intensive care unit (ICU) as a
variable in models 1-4.

The four aforementioned models (Models 1-4) were
adjusted for the potential influence of the 5-month
measurements. This adjustment aimed to account for
any potential changes in the outcomes during the study
period.
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Fractional polynomials were employed to confirm
the linearity assumption between the continuous vari-
ables and the outcome variable.”*

All analyses were performed using Stata (16.0), and
p < 0.05 were considered statistically significant.

Results

This analysis included a total of 2545 (38.8% females; 58
[£12.6] years, 74.8% White) patients discharged from
hospital between 1 February 2020 and 31 March 2021
(Fig. 1). Of these, 538 (35.5% females; 61.1 [+11.3] years)

had diabetes, with 65.3% being White, living with
obesity (63.3%) and living with multiple long-term
conditions (79.6% with >2 comorbidities). Compara-
tively, there were 2007 (39.7% females; 57.2 [+12.8]
years) individuals living without diabetes; this group had
proportionally more individuals who were White
(77.4%), and fewer living with obesity (53.5%) and
multiple long-term conditions (16.8%) than the diabetes
group. 971 (38.1%) received the first dose of the vaccine,
and 876 (34.4%) received both doses. The proportion of
patients who received both doses was higher in patients
with diabetes overall (37.3% vs. 33.6%, respectively,

Source population: participants attended in Tier 1 or Tier 2

(n=7935)

\4

(n=23)

e Negative admission duration (n=10)

e Patients who only participated in 12-
month follow-up (n=128)

e Patients with missing data on sex or
age (n=8)

e Patients who did not have a 5-month
research visit within 42 to 420 days

Exclusions:

Patients who participated in
both research visits
(n=2545)

A\ 4

Patients who just participated
in Tier 1
(n=5223)

A 4

Without diabetes
n=2007 (78.9%)

With diabetes
n=538 (21.1%)

Fig. 1: Flow diagram of study participants.
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Total Diabetes No diabetes p-value
N = 2545 N = 538 N = 2007
Age at admission (years) 58.0 (12.6) 61.1 (11.3) 57.2 (12.8) <0.0001
Sex at birth 0.081
Female 988 (38.8%) 191 (35.5%) 797 (39.7%)
Male 1557 (61.1%) 347 (64.5%) 1210 (60.2%)
Ethnicity

White 1893 (74.8%) 350 (65.3%) 1543 (77.4%) <0.0001

South Asian 198 (7.8%) 58 (10.8%) 140 (7.0%)

Black 180 (7.1%) 66 (12.3%) 114 (5.7%)

Mixed/other 259 (10.2%) 62 (11.6%) 197 (9.9%)

Education level

None or primary 122 (5.4%) 35 (7.2%) 87 (4.9%) 0.00078

Secondary or college (NVQ 3-4) 1373 (60.3%) 318 (65.2%) 1055 (59.0%)

Degree or higher 782 (34.3%) 135 (27.7%) 647 (36.2%)

Income (£)

<19 K 385 (21.2%) 97 (26.2%) 288 (19.9%) 0.0021

19-48 K 862 (47.4%) 181 (48.9%) 681 (47.0%)

>48 K 573 (31.5%) 92 (24.9%) 481 (33.2%)

Index of multiple deprivation quintiles

1 (most deprived) 578 (23.1%) 146 (27.6%) 432 (21.9%) <0.0001

2 584 (23.3%) 126 (23.8%) 458 (23.2%)

3 435 (17.4%) 103 (19.5%) 332 (16.8%)

4 436 (17.4%) 6 (16.3%) 350 (17.7%)

5 (least deprived) 468 (18.7%) 67 (12.7%) 401 (20.3%)

Obesity (BMI >30 kg/m?) 1001 (55.5%) 233 (63.3%) 768 (53.5%) 0.033
Smoking status

Never 1436 (58.8%) 277 (53.5%) 1159 (60.2%) 0.0049

Ex-smoker 928 (38.0%) 228 (44.0%) 700 (36.3%)

Smoker 80 (3.3%) 13 (2.5%) 67 (3.5%)

No. comorbidities

0 1194 (46.9%) 0 (0.0%) 1194 (59.5%) <0.0001

1 586 (23.0%) 110 (20.4%) 476 (23.7%)

2 407 (16.0%) 199 (37.0%) 208 (10.4%)

>2 358 (14.1%) 229 (42.6%) 129 (6.4%)

Admission to ICU 825 (34.8) 201 (40.3) 624 (33.4) <0.0001
IHD 172 (6.8%) 59 (11.0%) 113 (5.6%) <0.0001
MI 108 (4.2%) 33 (6.1%) 75 (3.7%) 0.014
HF 41 (1.6%) 15 (2.8%) 6 (1.3%) 0.015
AF/flutter 118 (4.6%) 27 (5.0%) 1 (4.5%) 0.64
Hypertension 878 (34.5%) 325 (60.4%) 553 (27.6%) <0.0001
Congenital heart disease 13 (0.5%) 4 (0.7%) 9 (0.4%) 0.39
Valve disease 40 (1.6%) 11 (2.0%) 9 (1.4%) 0.32
Pacemaker/ICD 21 (0.8%) 3 (0.6%) 8 (0.9%) 0.44
Peripheral vascular disease 6 (1.4%) 17 (3.2%) 9 (0.9%) <0.0001
Hypercholesterolemia 500 (19.6%) 226 (42.0%) 274 (13.7%) <0.0001
Other cardiac condition 6 (2.2%) 17 (3.2%) 9 (1.9%) 0.088
CVA/TIA 107 (4.2%) 40 (7.4%) (3 3%) <0.0001
Chronic Kidney Disease 7 (4.2%) 50 (9.3%) 7 (2.8%) <0.0001
Time from 1st symptom to admission (days) 0 (6.0,11.0) 8.0 (5.0,11.0) (6 0,11.0) 0.031
Admission duration (days) 0 (4.0, 16.0) 9.0 (5.0, 18.0) 0 (4.0, 15.0) <0.0001
No. of symptoms on admission 53.7) 5@37) 5(3.7) 0.11
PCR positive test 2164 (93.0%) 478 (95.8%) 1686 (92.3%) <0.0001
WHO clinical progression scale

Class 3/4 (no continuous 02) 392 (15.9%) 63 (12.0%) 329 (16.9%) 0.014

(Table 1 continues on next page)
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Total Diabetes No diabetes p-value
N = 2545 N = 538 N = 2007
(Continued from previous page)
Class 5 (continuous 02) 1055 (42.7%) 221 (42.1%) 834 (42.9%)
Class 7 (cpap or bpap or high flow 02) 584 (23.7%) 144 (27.4%) 0 (22.6%)
Class 7-9 (imv or ecmo) 437 (17.7%) 97 (18.5%) 340 (17.5%)
Proning required 469 (20.5%) 4 (19.3%) 375 (20.9%) 0.45
Renal replacement therapy 104 (4.3%) 0 (5.8%) 4 (3.8%) 0.049
Pulmonary embolism 242 (9.9%) 4 (8.5%) 198 (10.3%) 0.21
Renal failure requiring haemodialysis 2 (3.4%) 7 (5.2%) 5 (2.9%) <0.0001
Antibiotics 1951 (78.6%) 423 (80 7%) 1528 (78.0%) 0.18
Systemic steroids 1387 (57.3%) 293 (57.2%) 1094 (57-3%) 0.97
Anticoagulation 1104 (45.5%) 219 (43.0%) 885 (46.2%) 0.21
Lowest eGFR (ml/min/1.73 m?) 80.5 (61.0, 91.0) 71.0 (50.0, 91.0) 83.0 (63.0, 91.0) <0.0001
eGFR <60 mL/min per 1.73 m* 2234 (87.8%) 471 (87.5%) 1763 (87.8%) 0.85
Alanine transaminase (U/L) 60.0 (34.0, 109.0) 52.0 (32.0, 89.0) 63.0 (34.0, 113.0) <0.0001
Disability 521 (20.7%) 142 (26.7%) 379 (19.1%) <0.0001
Feel fully recovered from COVID19* 475 (18.8%) 104 (19.3%) 374 (18.6%) 0.92
Refer to another speciality 276 (10.8%) 4 (20.9%) 212 (18.3%) 0.29
Muscle ache(yes) 933 (44.05%) 176 (38.60%) 757 (45.55%) <0.0001

Data are presented as mean (SD) or median (IQR) for continuous measures, and n (%) for categorical measures. “After 12 months.

Table 1: Baseline characteristics of study participants.

P < 0.0001). The full descriptive profile of the cohort,
stratified by diabetes status, is displayed in Table 1, with
further information on the cohort by tier of recruitment
found in Table S3.

Table S8 shows the comparison between censored
and followed participants at baseline in variables that
were used for IPW. The percentage of people with dia-
betes, sex, and education were the same between the
two groups, while the remaining factors differed be-
tween the two groups.

The median (interquartile range) of HbAlc (%) levels
in people with diabetes at 5 months was 7.3 (6.5-8.0),
and at 12 months after discharge, it was 7.2 (6.5-8.7).
The change in HbAlc levels from 5 months to 1 year in
people with diabetes was statistically significant (Wil-
coxon signed-rank test’s p-value = 0.021). The correla-
tion between continuous outcomes and HbAlc levels
was examined, and none of them were found to be
statistically significant. Similarly, the distribution of
HbAlc levels and binary outcomes one year after
discharge was not statistically significant.

At 5- and 12-months after discharge, differences in
anxiety, fatigue, cognitive impairment, physical perfor-
mance/exercise capacity, frailty, and health-related
quality of life between diabetes status groups are
shown in Table 2. Fatigue VAS scores were higher at
month 5, but not 12, in individuals with diabetes, and
Fatigue FACIT scores were greater (with a lower score
indicating greater burden) in people with diabetes at
both timepoints.

The proportion of people with mild cognitive
impairment (MoCA score <23) was greater in those with
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diabetes at both 5 and 12 months (5 months: 23.6% vs.
13.0%; 12 months: 10.9% vs. 5.2%). In addition, at both
5 and 12 months, individuals without diabetes achieved
a greater distance incremental shuttle walk test.

Frailty remained consistent in those with and
without diabetes from month 5 to month 12. Individuals
living with diabetes reported elevated levels of frailty at
both months 5 and 12 compared to those without dia-
betes (month 5: diabetes 3.2 (+1.2), no diabetes 2.6
(1.1); month 12: diabetes 3.1 (+1.1), no diabetes 2.6
(#1.1)). In addition, for frailty classification, the pro-
portion of individuals categorised as either ‘mildly frail’
or ‘moderately or higher frail severity’ was higher in
people with diabetes than those without (moderately or
higher frail severity at month 5: diabetes 4.8%, no dia-
betes 1.7%; month 12: diabetes 4.0%, no diabetes 1.5%)
and decreased from month 5 to 12 in both groups.
Quality of life also remained consistent from 5- to 12-
months in those with and without diabetes, with
quality-of-life scores being higher in those without dia-
betes at 5 and 12 months. The Wilcoxon signed rank test
results showed that there were significant changes be-
tween the research visits in most areas, except for GAD
scores and EQ-5D scores for both the total population
and grouped patients (with and without DM) (Table S6).
Another notable finding was that there wasn’t a signif-
icant change in the Fatigue FACIT scale for people with
DM between the 5 and 12-month intervals.

At 5 months, there was a negative association be-
tween diabetes status and the Fatigue FACIT score in
Model 1 (-1.7, 95% CI: -3.0 to —-0.3) and Model 2-1.7,
95% CI: -3.1 to —0.4). However, this association was not
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5-month 12-month
Total Diabetes No diabetes p-value Total Diabetes No diabetes p-value
N = 2545 N = 538 N = 2007 N = 1827 N =396 N = 1431
GAD-7 >8 586 (25.4%) 129 (26.2%) 457 (25.2%) 0.67 364 (23.3%) 76 (22.8%) 288 (23.4%) 0.79
Fatigue FACIT 38.0 (24.9, 45.0) 36.0 (24.0-44.0) 39.0 (25.0, 46.0) 0.031  40.0 (28.0, 46.0) 37.0 (26.0, 45.0) 40.0 (28.0, 47.0)  <0.0001
Fatigue VAS-before 0.0 (0.0, 2.0) 1.0 (0.0, 3.0) 0.0 (0.0, 2.0) <0.0001 0.0 (0.0, 2.0) 0.0 (0.0, 2.0) 0.0 (0.0, 2.0) 0.16
(1-10 [worst])
Fatigue VAS-now 3.0 (0.0, 6.0) 4.0 (0.0, 7.0) 3.0 (0.0, 6.0) 0.033 0 (0.0, 6.0) 3.0 (0.0, 6.0) 0 (0.0, 5.0) 0.19
Fatigue VAS-change 2.0 (0.0, 4.0) 1.0 (0.0, 4.0) 2.0 (0.0, 4.0) 0.37 0 (0.0, 4.0) 2.0 (0.0, 5.0) 0 (0.0, 4.0) 0.88
MOCA <23 312 (15.2%) 100 (23.6%) 212 (13.0%) <0.0001 130 (6 3%) 46 (10.9%) 4 (5.2%) <0.0001
ISWT distance (m) 360.0 (230.0, 540.0) 290.0 (190.0, 440.0) 370.0 (250.0, 560.0) <0.0001 380.0 (260.0, 570.0) 340.0 (210.0, 450.0) 420.0 (270.0, 590.0) <0.0001
ISWT % predicted 649 (16.2) 64.8 (14.7) 64.9 (16.6) 0.93 643 (16.5) 632 (14.5) 64 5 (16.9) 0.27
Rockwood frailty 7 11) 32 (12) 26 (11) <0.0001 7 1.1) 31 (1) 6 (1.1) <0.0001
score
Rockwood frailty level
Very fit 289 (12.7%) 23 (4.8%) 266 (14.8%) <0.0001 233 (14.2%) 24 (6.8%) 209 (16.3%) <0.0001
Well or managing 1497 (65.8%) 296 (62.3%) 1201 (66.7%) 1065 (64.9%) 225 (63.6%) 840 (65.3%)
well
Vulnerable 358 (15.7%) 109 (22.9%) 249 (13.8%) 251 (15.3%) 77 (21.8%) 174 (13.5%)
Mildly frail 78 (3.4%) 24 (5.1%) 54 (3.0%) 58 (3.5%) 14 (4.0%) 44 (3.4%)
Moderate or higher 54 (2.4%) 23 (4.8%) 31 (1.7%) 33 (2.0%) 14 (4.0%) 19 (1.5%)
frail severity
EQ-5D before (1-100  85.0 (70.0, 90.0) 80.0 (64.0, 90.0)  85.0 (75.0, 90.0)  <0.0001  85.0 (70.0, 90.0) 80.0 (64.0, 90.0)  85.0 (75.0, 90.0)  <0.0001
[best])
EQ-5D now 75.0 (60.0, 85.0) 70.0 (50.0, 80.0) 75.0 (60.0, 85.0)  <0.0001  75.0 (60.0, 88.0)  70.0 (50.0, 80.0) 75.0 (60.0, 90.0)  <0.0001
EQ-5D change -5.0 (-20.0, 0.0) -5.0 (~16.0, 0.0) -8.0 (-20.0, 0.0) 0.0012  -7.0 (-20.0, 0.0) -5.0 (-20.0, 0.0) -8.0 (-20.0, 0.0) 0.19
EQ5D-VAS 70.0 (50.0, 80.0) 65.0 (50.0, 80.0) 70.0 (50.0, 80.0) <0.0001  70.0 (50.0, 80.0) 65.0 (50.0, 80.0) 70.0 (50.0, 80.0) <0.0001
Data are presented as mean (SD) or median (IQR) for continuous measures, and n (%) for categorical measures. Abbreviations: Fatigue (FACIT), fatigue (Functional Assessment of Chronic Illness Therapy;
Fatigue VAS, Fatigue Visual Analogue Scale; EQ-5D-5L, EuroQol-5 Dimensions-5 Levels; ISWT distance, incremental; MoCA, The Montreal Cognitive Assessment; GAD-7, Generalised Anxiety Disorder 7-item
scale.
Table 2: Patient-reported outcome measures, at 5 months and 1 year after hospital discharge, stratified by diabetes status.

considerable after adjusting for additional covariates in
subsequent models (Table 3). Diabetes status was posi-
tively associated with the Fatigue VAS-now score in all
models, with Model 1 and Model 2 showing a significant
effect (Table 3). Diabetes status had also a significant
negative association with the health-related quality of
life score in Model 1 to Model 3 (Table 3). Physical
performance, measured by ISWT distance, was nega-
tively associated with diabetes in the first three models
(-91.4, =72.9, and —48.9 m, respectively), indicating that
individuals with diabetes were able to walk shorter dis-
tances. However, this association became non-
significant after adjusting for the number of comor-
bidities in Model 4. Diabetes was found to be associated
with higher prevalence of “having mild cognitive
impairment” (MoCA score <23) in Model 1, adjusted for
age and sex (OR = 1.6, 95% CI: 1.2-2.2) (Table 4). This
association persisted in Model 3, after adjustments for
age, sex, deprivation, ethnicity, education, and BMI,
with a odds ratio of 1.5 (95% CI: 1.0-2.1).

One year after hospitalisation, diabetes status was
positively associated with a higher burden of fatigue, as
indicated by lower scores on the Fatigue FACIT scale, in
Model 1 and Model 2; however, this association became

non-significant after adjusting for additional covariates
in subsequent models (Table 3). Health-related quality
of life (HRQOL) was negatively associated with diabetes
status in the first two nested models: model 1, which
adjusted for age and sex, showed an effect size of —4.8
(95% CI: —7.5 to —2.0) while Model 2, which included
additional factors such as index of multiple deprivation,
ethnicity, and education, showed an effect size of —4.2
(95% CI: =6.9 to —1.5). ISWT was also negatively asso-
ciated with diabetes. Patients with diabetes reported
lower physical performance by 101, 83, and 47 m in
Model 1, Model 2, and Model 3, respectively, compared
to patients without diabetes. Diabetes status was posi-
tively associated with mild cognitive impairment in
model 1 at 12 months, but was not in Models 2—4; and
anxiety was not associated with diabetes status in any of
the models. Overall, both at 5 and 12 months, associa-
tions with all outcomes were attenuated when adjusting
for BMI and the presence of other long-term conditions.

Table S7 shows the Odds Ratios (OR) with 95%
confidence intervals for diabetes mellitus (DM) in all
models adjusted for ICU admission at baseline. It was
observed that the direction and significance of the ef-
fects remained consistent, although slight changes in
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5-month 12-Month
Model 1 p-value  Model 2 p-value  Model 3 p-value Model 4 p- Model 1 p-value  Model 2 p-value  Model 3 p- Model 4 p-
value value value
Fatigue -1.70 0.013 -1.79 0.0091 -0.53 0.051 195 011 -2.49 0.0022 -2.50 0.0023 -1.48 013 035 0.89
FACIT  (-3.04, -0.35) (=313, -0.44) (-2.12, 1.05) (-0.49, (-4.10, -0.88) (-4.11, -0.89) (-3.40, 0.43) (-2.52,
439) 323)
Fatigue 038 0.041 036 0.052 0.20 0.36 -0.50 0.15 036 0.093 038 0.081 0.04 0.24 -0.42 0.24
VAS (0.01, 0.74) (-0.00, 0.73) (-0.24, 0.65) (-119, (-0.05, 0.78) (-0.04, 0.80) (-0.45, 0.55) (-1.14,
0.19) 0.29)
EQ-5D -4.12 <0.0001 -4.16 <0.0001 -2.95 0.032 0.05 0.98 -4.81 <0.0001 -4.22 0.0021 -2.44 013 038 0.88
now (-6.38, -1.85) (-6.42, -1.90) (-5.65, -0.24) (-4.40, (-7.54, -2.08) (-6.91, -1.54) (-5.61, 0.73) (-4.63,
4.50) 5.39)
ISWT -91.48 <0.0001 -72.96 <0.0001 -48.94 <0.0001 23.99 028 -95.30 <0.0001 -79.94 <0.0001 -44.83 0.012 44.88 0.071
distance  (-117.37, -65.59) (-99.13, -46.62) (-80.55, -17.33) (-19.88, (-126.22, -64.38) (~111.50, -48.38) (-79.95, -9.70) (-3.44,
(m) 67.86) 93.21)

Abbreviations: Fatigue (FACIT), fatigue (Functional Assessment of Chronic lliness Therapy; Fatigue VAS: Fatigue Visual Analogue Scale; EQ-5D-5L, EuroQol-5 Dimensions-5 Levels; ISWT distance, incremental shuttle walk test distance. Model 1:
adjusted for age, sex; Model 2: adjusted for age, sex, index of multiple deprivation, Ethnicity, and education; Model 3: adjusted for Model2 + BMI; Model 4: Model 3 + number of long-term conditions. *Comparing patients with diabetes vs. without

diabetes.

Table 3: Regression coefficient® with 95% Cl of continuous outcomes.

5-month 12-Month

Model 1 p-value  Model 2 p-value  Model 3 p-value  Model 4 p-value  Model 1 p-value  Model 2 p-value  Model 3 p-value  Model 4 p-value
MoCA score <23 1.68 <0.0001 1.31 0.095 151 0.029 134 031 2.01 <0.0001 147 0.075 136 0.21 0.88 0.75

(1.25, 2.24) (0.95, 1.79) (1.04, 218) (0.75, 2.38) (134, 3.02) (0.96, 2.26) (0.93, 2.24) (0.42, 1.86)
Anxiety 115 0.26 1.10 0.43 112 0.45 0.89 0.62 114 038 1.01 0.91 0.94 0.78 0.66 0.17
(GAD-7 score >8)  (0.89, 1.48) (0.85, 1.43) (0.82, 1.53) (0.55, 1.42) (0.83, 1.55) (0.73, 1.40) (0.63,1.41) (0.36, 1.19)

Abbreviations: MoCA, The Montreal Cognitive Assessment; GAD-7, Generalised Anxiety Disorder 7-item scale. Model 1: adjusted for age, sex; Model 2: adjusted for age, sex, index of multiple deprivation, Ethnicity, and education; Model 3: adjusted

for Model 2 + BMI; Model 4: Model 3 + number of long-term conditions. “Comparing patients with diabetes vs. without diabetes.

Table 4: Odds Ratio (OR)® (95% Cl) binary outcomes.
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the ORs were noted due to modifications in the model
matrix.

Discussion

To our knowledge, this is the first study to date to report
on prospectively assessed physical and mental health
effects of COVID-19 in people with diabetes. When
compared to study recruits without diabetes, we found
that people with diabetes displayed higher fatigue (only
at 5 months), frailty, lower physical performance, and
health-related quality of life and poorer cognitive func-
tion one year after hospitalisation. However, differences
disappeared when accounting for body mass index and
the number of comorbidities.

Fatigue scores showed improvement at 12 months,
with no differences between diabetes status groups.
Likewise, the proportion of individuals classified as
either ‘mildly frail' or ‘moderately or higher frail
severity’ decreased from 5 to 12 months in people with
diabetes, but not in those without. Differences in out-
comes between diabetes status groups otherwise
remained consistent from 5 to 12-months. The
increased burden of a range of physical and mental
health effects in people living with diabetes appears to
remain, even 12 months following hospitalisation for
COVID-19. This supports the need to reduce in-
equalities in long-term physical and mental health tar-
geted at people living with diabetes following
hospitalisation for COVID-19. However, some but not
all of the differences were clinically meaningful. In
Model 1 those with diabetes had an 89% (95% CI 1.3,
2.7%) higher risk of mild cognitive impairment and
covered 95.3 (95% CI: 64.3, 126.2) fewer meters in the
ISWT (physical performance/exercise capacity) which is
clinically meaningful. However, differences in HRQOL
and fatigue, although statistically significant, may not
have been clinically meaningful.”’° Therefore, there is
some evidence of meaningful inequalities in long-term
physical and mental health targeted at people living
with diabetes following hospitalisation for COVID-19.

In regression models we found that the association
between diabetes status and some physical, cognitive,
and mental health outcomes were predominantly
improved when including body mass index and number
of comorbidities, particularly at 5 months. The lack of
significant associations may therefore be explained in
part by the fact that at baseline the diabetes group had a
greater proportion of obese individuals (63.3% vs.
53.5%), and greater number of comorbidities (>2
comorbidities: 42.6% vs. 6.4%). These variables have
also been reported as risk factors for persistent symp-
toms following COVID-19 in non-hospitalised’’ and
hospitalised (comorbidities only) populations.” There-
fore, while having diabetes itself may negatively influ-
ence outcomes following COVID-19 hospitalisation, the
poorer outcomes we identified for people living with

diabetes may in part be due to obesity and pre-existing
comorbidities.

Only two previous studies have examined the long-
term physical and mental health effects of COVID-19
in diabetes populations. In a single-centre cross-
sectional study of 112 hospitalised and non-hospitalised
patients, Mechi et al® collected symptom burden data via
an interview administered survey at 9 months after
acute infection. In comparison to the group of in-
dividuals without diabetes (n = 70), those with diabetes
displayed markedly higher fatigue (76% vs. 53%,
p = 0.01), shortness of breath (45% vs. 21%, p = 0.01),
chest pain (31% vs. 13%, p = 0.02), and cough (26% vs.
13%, p = 0.07). The study was, however, single centre
and cross-sectional, with a small sample.

A similar sized prospective cohort study conducted
lung CT scans in 141 hospitalised patients 6- and 12-
months following discharge. At 6 months people with
diabetes (n = 52) and secondary hyperglycaemia (n = 48)
had significantly higher incidences of residual lung ab-
normalities than non-diabetic controls (n = 41; 65.4%
and 58.3%, respectively vs. 36.6%; p < 0.05).” Numbers
were too small to examine inferentially at 12-month
follow-up. Again, these data are limited by the small
sample in each patient sub-group and recruitment from
only two hospitals. The strengths of our large, multi-
centre cohort study include the most comprehensive
assessment of in-clinic and patient-reported outcomes
in people living with diabetes previously hospitalised for
COVID-19. However, this study has several limitations.
There may be selection bias for individuals who
returned for a 12 month follow-up visit."" There is a
higher proportion of men (~60%) included within the
cohort, and women have been reported to display worse
long-term outcomes.'" However, the apparent paradox of
more men being recruited when women are more
commonly affected by Long Covid may be explained by
the greater proportion of men who were hospitalised.*
Further limitations are the lack of a matched control
group without SARS-CoV-2 infection, and the absence
of pre-hospital patient data, as well as information on
the proportion of patients who died in hospital. People
with diabetes were at higher risk of dying in hospital
from COVID-19, so our cohort could be considered a
survivor cohort. It is therefore unclear if a greater pro-
portion of people with diabetes, who would otherwise
have experienced symptoms post-discharge, died pre-
discharge. Furthermore, it's important to acknowl-
edge the possibility of unmeasured confounding and
residual confounding stemming from measurement
errors in variables like the index of multiple depriva-
tion. And in addition, there were only 26 patients with
T1D, and so we were unable to conduct separate anal-
ysis for these patients. Similarly, we are unable to
determine the distinct additional influence of Long
Covid on outcomes beyond what would be anticipated
solely from diabetes.
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In conclusion, patients with diabetes who have sur-
vived hospital admission with COVID-19 display worse
physical and mental health outcomes compared to those
without diabetes at 5- and 12-month follow-up. Diabetes
status was, however, not associated with key outcomes
when accounting for some demographic and clinical
variables. Taken together, with limited extant data, our
findings support the need to provide intervention to
improve inequalities in outcomes for people with dia-
betes with long-term health effects following SARS-
CoV-2 infection.
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