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Abstract

Aims: This cohort study, based on Danish health registers, examined the post-
acute consequences of hospitalization for COVID-19 in patients with diabetes.
Methods: The study population comprised all Danish citizens (>18years old)
who had diabetes when the pandemic started. A patient was exposed if he/she
had a hospitalization with COVID-19 after 1 March 2020. A patient was unex-
posed when he/she was not hospitalized with COVID-19 between 1 March 2020
and the end of follow-up (4 January 2022), or the first registered event of interest.
The outcomes included post-COVID-19 hospitalizations and death. We used a
Cox proportional hazards model with time varying exposure estimating the haz-
ards ratio (HR) to analyze if the hazard for an outcome of interest was impacted
by being hospitalized with COVID-19.

Results: In patients with type 1 diabetes, 101 were hospitalized with COVID-19,
and 25,459 were not. We did not have sufficient statistical power to identify dif-
ferences in risk for those with type 1 diabetes. In type 2 diabetes, 1515 were hos-
pitalized with COVID-19, and 95,887 were not. The adjusted HRs of post-acute
hospitalization for respiratory diseases and infections were 1.71 (95% CI 1.45-
2.03) and 1.87 (95% CI 1.61-2.18), respectively. The HR of death was 2.05 (95%
CI 1.73-2.43). Patients with uncertain type had results similar to those with type
2 diabetes.

Conclusions/Interpretation: In type 2 diabetes and diabetes of uncertain type,
hospitalization with COVID-19 was associated with an increased risk of post-
acute hospitalization for respiratory diseases, infections and death.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the pathogen responsible for the COVID-19
pandemic, which has caused morbidity and mortality at
an unprecedented scale."” The pandemic has left a global
burden for the long-term care of COVID-19 survivors.
Evolving literature suggests that the disease affects mul-
tiple organ systems and it is imperative to study the long-
term consequences of the disease.'™®

People with diabetes might experience worsening
in control of diabetes due to COVID-19, and diabetes
increases the severity and mortality related to acute
COVID-19.*7° The long-term consequences for pa-
tients with diabetes are not known. To our knowledge,
no studies based on nationwide data, have examined
post-acute COVID-19 conditions in people with diabe-
tes. The possible composition of a post-Covid-19 syn-
drome has been suggested in a review by Raveendran,*
and a few papers have been published focusing on self-
reported post-acute COVID-19 symptoms. Two case-
control studies give data on self-reported post-acute
COVID-19 symptoms'"*? and a small descriptive study
on 42 people with diabetes suggests that long-term per-
sistent symptoms of COVID-19 were common 9 months
after infection.™

We aimed to study post-acute COVID-19 hospitaliza-
tions in patients with type 1 and type 2 diabetes and in
diabetes of uncertain type. Within a Danish nationwide
cohort, we examined the risk of post-acute hospitaliza-
tions and death in those hospitalized with COVID-19,
compared to patients with diabetes who had not been hos-
pitalized with COVID-19. Hospitalizations were grouped
according to major diagnostic groups in the International
Classification of Diseases (ICD10 version) in the cardio-
vascular system, the respiratory system, diseases of the
blood and blood-forming organs, the nervous system, and
infections.

2 | METHODS

2.1 | Setting and data

In Denmark healthcare is available free of charge for all
citizens. The total population is approximately 5.8 mil-
lion and more than 90% are Caucasians. As all contacts
in the health care system in Denmark are based on an
individual's civil registration number, the possibility for
a valid linkage between various national registries is pro-
vided. This allows us to conduct a nationwide population-
based cohort study, where we combine data from the
Danish National Patient Registry'* and the Danish Civil

What is already known?

« The consequences of COVID-19 hospitaliza-
tions in diabetes mellitus are not known.

« We asked: Do patients with diabetes, hospital-
ized with COVID-19, have an increased risk of
post-acute COVID hospitalizations, compared
to patients with diabetes not hospitalized with
COVID-19?

What this study has found?

 Patients with type 2 diabetes/diabetes of un-
certain type had an increased risk of death and
post-acute COVID hospitalizations (respiratory
system, infections).

« Patients with type 1 diabetes may mirror those
with type 2 diabetes but the confidence inter-
vals were wide, and therefore there is consider-
able uncertainty around the true associations.

What are the implications of the study?

« Special attention should be given to patients
with type 2 diabetes, and uncertain type, who
have been hospitalized with COVID-19.

Registration System."” The Danish National Patient
Registry provides data on all discharges from Danish hos-
pitals'* and includes dates of admission and discharge and
discharge diagnoses based on the ICD-10. The Danish Civil
Registration System includes data on the civil registration
number, date of birth and death, sex and emigration.

2.2 | Study population

The study population comprised all Danish citizens
>18years old as of 1 March 2020 who had one or more dia-
betes diagnoses (ICD-10: DE10 [type 1 diabetes mellitus]
or DE11 [type 2 diabetes mellitus]) between 1 March 2015
and 1 March 2020 (pandemic start in Denmark). For the
specified 5-year calendar period, the cohort was split into
three groups according to the type of diabetes: only type 1
diagnosis, only type 2 diagnoses, and both type 1 and type
2 diagnostic codes (uncertain type of diabetes).

2.3 | Exposed and unexposed cohort

A patient was considered exposed if he/she had a reg-
istered hospitalization due to COVID-19 with primary
diagnoses being coronavirus infection, unspecified site
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(ICD-10: B342A) or coronavirus with the severe respira-
tory syndrome (ICD-10: B972A). In this case, to be hospi-
talized with COVID-19 required a>12-h hospitalization.
Multiple hospitalizations were considered as belonging
to the same sequence if there were 14days or less be-
tween hospitalizations due to COVID-19, and the length
of stay accounted for all the time between the first and
last registration in such a sequence. If a patient had mul-
tiple non-connected hospitalizations for COVID-19, only
the first hospitalization was considered. A patient was
considered unexposed when he/she was not hospitalized
with COVID-19 between 1 March 2020 and the end of the
follow-up (January 4, 2022), or the first registered event
of interest.

2.4 | Outcomes

We considered the following outcomes based on diagno-
ses registered in the National Patient Registry (ICD10 ver-
sion). * indicates that all subgroups of the diagnoses are
included.

(i) Hospitalization within the following categories
(groups ii, iii, iv, v or vi below),

(ii) Hospitalization with diseases of the cardiovascular
system (ICD-10: I¥),

(iii) Hospitalization with diseases of the respiratory sys-
tem (ICD-10: J*),

(iv) Hospitalization with diseases of the blood and blood-
forming organs and certain disorders involving the
immune mechanism (ICD-10: D5*%, D6*, D7*, D8*),

(v) Hospitalization with diseases of the nervous system
(ICD-10: G¥),

(vi) Overall hospitalizations with infections excluding
coronavirus infection. See Table S1 for the included
types of infections.

We furthermore examined death after discharge with
COVID-19 as an outcome.

The outcome was disregarded if an exposed patient
experienced an outcome of interest (hospitalization as
mentioned above or death) within 14 days after discharge
for their COVID-19 hospitalization. The rationale is that a
re-admission occurring within 14 days is unlikely to be a
post-acute COVID-19 problem, but is rather related to the
acute COVID-19 hospitalization.

2.5 | Additional information

Data from the Danish civil registration system pro-
vided information on sex, date of birth and death. Age
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was categorized into four groups (18-40, 41-60, 61-80
and >80years). Charlson Comorbidity Index (CCI)
was calculated for all individuals, and CCI covers 19
diseases each of those scored according to their prog-
nostic impact. CCI was calculated based on data from
the National Patient Registry, using all relevant diag-
noses within 5years before 12 March 2020. Diabetes
was excluded from the CCI (exclusion of ICD-10 DE10
and DE11 diagnoses). CCI was categorized according
to no comorbidity (CCI = 0), intermediate comorbid-
ity (CCI = 1, 2) and high comorbidity (CCI>3).'® The
National Patient Registry provided information on the
usage of ventilation during COVID-19 hospitalization
(Danish Classification System for surgical procedures:
BGDAO). The length of diabetes was calculated as the
time since the first registered diabetes diagnostic code
(<5years or >5years).

2.6 | Statistical analysis
Contingency tables for main study variables according
to exposed and unexposed cohorts, stratified accord-
ing to the type of diabetes, were constructed. Data were
analyzed using a time to event approach with COVID-19
hospitalization as a time varying exposure. Analysis time
started on the date of birth,!” and for all individuals, the
study entry was specified to be 12 March 2020. The time of
follow-up ended either on the date of the first diagnosis of
the outcome of interest after March 12,020, or death, emi-
gration, or end of follow-up (January 4, 2022) whichever
came first. A patient with diabetes became exposed on the
date of hospital discharge after hospitalization for acute
COVID-19 (if such an event occurred). Thus, if a patient
experienced an outcome of interest before hospitalization
for COVID-19, he/she did not count as exposed in the
analysis in question. To analyze if the hazard for an out-
come was impacted by being hospitalized with COVID-19,
we used time-to-event analyses, a Cox proportional haz-
ards model with left-truncation at the study entry, esti-
mating the hazards ratio (HR) along with 95% confidence
intervals (95% CI). For all outcomes, a crude and adjusted
analysis was performed, where adjustment was made for
sex, CCI categories at study entry, and a binary indicator
for the duration of diabetes. Naturally, we did not adjust
for age as age was automatically counted in the model
using time from birth as the time scale. The Cox propor-
tional hazards assumption was assessed graphically using
Schoenfeld residual plots. No estimates were presented if
the number of outcomes in either the exposed or unex-
posed cohort was 5 or less.

In a sub-analysis, we included an alternative refer-
ence population. For the analyses of patients with type 2
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diabetes hospitalized with COVID-19, we used a reference
population of patients with type 2 diabetes hospitalized
for non-COVID-19 infections. The intention was to ex-
plore whether COVID was worse than other infections in
the prediction of future disease. These analyses were done
only for type 2 diabetes where the dataset is most robust.

In a sensitivity analysis, instead of adjusting for the
CCI score, we included each relevant co-morbid disease
in the model. In the same sensitivity analysis, we also in-
cluded the length of diabetes as a continuous variable.

All analyses were performed using STATA version 17
(StataCorp LP).

3 | RESULTS
3.1 | Descriptive data of the study
populations of patients with diabetes

The data for the three study populations of the patient
with diabetes are given in Table 1. Of 25,560 patients with
type 1 diabetes, 101 were hospitalized with COVID-19 and
25,459 were not. Their median age was 62 years for those
who were hospitalized, and 51years for those who were
not. Of patients with type 1 diabetes, who were hospital-
ized with COVID-19, 22.8% had a CCI>3, compared to
5.9% in those not hospitalized.

The type 2 diabetes cohort included 97,402 patients of
which 1515 were hospitalized for COVID-19 and 95,887
were not. Their median age was 73years for those who
were hospitalized, and 69years for those who were not.
Of patients with type 2 diabetes, who were hospitalized
with COVID-19, 33.1% had a CCI> 3, compared to 17.8%
in those not hospitalized.

Finally, of 12,253 patients with an uncertain type of di-
abetes 235 were hospitalized with COVID-19 and 12,018
were not. The median age was 71 years for those who were
hospitalized, and 65years for those who were not. Of the
patients who were hospitalized with COVID-19, 44.7% had
a CCI> 3, compared to 24.5% of those not hospitalized.

3.2 | Therisk of post-acute
hospitalizations and death in patients with
type 1 diabetes

Table 2 shows crude and adjusted HRs (aHRs) for the ex-
amined outcomes in patients with type 1 diabetes. The
aHRs of hospitalizations due to respiratory diseases and
infections were 1.82 (95% CI 0.81-4.07) and 1.61 (95%
CI 0.77-3.39), respectively. In those with respiratory dis-
eases, the three most frequent categories of post-acute
hospitalizations were “chronic diseases in the lower part

of airways” (38%), “influenza/pneumonia” (33%) and
“other diseases in the airways” (13%). The three most
frequent categories of post-acute hospitalizations due to
infections were “respiratory infections” (25%), “skin in-
fections” (22%), and “urological/gynaecological infections
(22%). The overall risk of hospitalization, and the risk of
hospitalization due to cardiovascular diseases, was not
increased. Amongst those who were hospitalized with
COVID-19, there were no subsequent hospitalizations in
the group of diseases belonging to the blood and blood-
forming organs and only three cases belonged to the nerv-
ous system. In total, 2 out of 101 patients hospitalized with
COVID-19 died during follow-up (2,0%).

3.3 | The risk of post-acute
hospitalizations and death in patients with
type 2 diabetes

Table 3 shows crude and aHRs for the examined outcomes
in patients with type 2 diabetes. The aHRs of hospitali-
zations due to respiratory diseases, infections and overall
hospitalizations were 1.71 (95% CI 1.45-2.03), 1.87 (95%
CI1.61-2.18), and 1.35(95% CI 1.16-1.56), respectively. In
those who had been hospitalized for COVID-19, the three
most frequent categories of respiratory diseases were “in-
fluenza/pneumonia” (38%), “chronic diseases in the lower
part of airways” (31%), and “other diseases in the airways”
(14%). The three most frequent categories of post-acute
hospitalizations due to infections were “respiratory infec-
tions” (36%), “urological/gynaecological infections (23%),
and “other infections” (15%). The risk of hospitalization
due to cardiovascular diseases, diseases of the blood and
blood-forming organs, and the nervous system was not
increased. In total, 135 out of 1515 patients hospitalized
with COVID-19 died during follow-up (8.9%), correspond-
ing to an aHR of death of 2.05 (95% CI 1.73-2.43).

3.4 | The risk of post-acute
hospitalizations and death in patients with
diabetes of uncertain type

Table 4 shows crude and aHRs for the examined out-
comes in patients with diabetes of uncertain type. In these
patients, the aHR of hospitalization due to respiratory
diseases and infections was 1.62 (95% CI 1.11-2.38) and
1.44 (95% CI 1.00-2.08), respectively. The most frequent
categories within the respiratory and infectious diseases
belonged to the same categories as mentioned above. In
total, 28 out of 235 patients hospitalized with COVID-19
died during follow-up (11.9%), corresponding to an aHR
of death of 1.81 (95% CI 1.24-2.64).
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TABLE 2 Outcomes for patients with type 1 diabetes. Hazard ratios for hospitalizations and death after COVID-19 discharge in patients
with type 1 diabetes, based on Cox proportional hazard models with crude and adjusted estimates with 95% confidence intervals (CI).
Observation time starts at birth with left-truncation on 1 March 2020 for all subjects

COVID-hospitalized

Not COVID-hospitalized

N=101 N = 25,459 Hazard ratios (95% CI)
Time at risk Time at risk
Outcomes N events in months N events in months  Crude Adjusted®
Hospitalization according to the first 9 794 8189 450,102 1.20 1.02 (0.53-1.97)
outcome of interest (0.62-2.31)
Hospitalization with diseases of the 7 1309 4969 495,370 1.00 0.83 (0.39-1.74)
cardiovascular system (ICD-10: it (0.48-2.10)
Hospitalization with diseases of the 6 1769 1404 546,703 2.49 1.82(0.81-4.07)
respiratory system (ICD-10: AR (1.11-5.58)
Hospitalization with diseases of the blood 0 0 516 557,156 - -
and blood-forming organs and certain
disorders involving the immune
mechanism (ICD-10 D5°, D6°, D7°, D8P)
Hospitalization with diseases of the 3 2040 2665 527,554 - -
nervous system (ICD-10: Gb)
Hospitalization with infection 7 1576 2201 537,844 1.96 1.61 (0.77-3.39)
(0.93-4.13)
Death 2 1985 745 554,094 - -

?Adjusted for gender, Charlson Comorbidity Index (3 groups) and diabetes length >5years.

PAll subtypes.

TABLE 3 Outcomes for patients with type 2 diabetes. Hazard ratios for hospitalizations and death after COVID-19 discharge in patients
with type 2 diabetes, based on Cox proportional hazard models with crude and adjusted estimates with 95% confidence intervals (CI).
Observation time starts at birth with left-truncation on 1 March 2020 for all subjects

COVID-hospitalized

Not COVID-hospitalized

N = 1515 N = 95,887 Hazard ratios (95% CI)
Time at risk Time at risk
Outcomes Nevents inmonths Nevents in months Crude Adjusted®
Hospitalization according to the first 181 9256 47,169 1,453,253 1.40 1.35(1.16-1.56)
outcome of interest (1.21-1.62)
Hospitalization with diseases of the 164 16,060 33,479 1,658,853 1.01 0.94 (0.80-1.09)
cardiovascular system (ICD-10: D) (0.86-1.17)
Hospitalization with diseases of the 137 23,167 12,324 1,967,800 1.86 1.71 (1.45-2.03)
respiratory system (ICD-10: AR (1.57-2.20)
Hospitalization with diseases of the blood 44 30,487 4675 2,064,947 1.18 1.07 (0.80-1.44)
and blood-forming organs and certain (0.87-1.58)
disorders involving the immune
mechanism (ICD-10 D5?, D6°, D7°, D8P)
Hospitalization with diseases of the 70 28,620 11,178 1,975,987 0.93 0.87 (0.69-1.10)
nervous system (ICD-10: G?) (0.74-1.18)
Hospitalization with infection 172 20,998 15,686 1,937,007 2.01 1.87 (1.61-2.18)
(1.73-2.34)
Death 135 28,451 9514 2,013,561 2.21 2.05(1.73-2.43)
(1.87-2.62)

?Adjusted for gender, Charlson Comorbidity Index (3 groups) and diabetes length >5years.

PAll subtypes.
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TABLE 4 Outcomes for patients with diabetes of uncertain type. Hazard ratios for hospitalizations and death after COVID-19
discharge in patients with diabetes of uncertain type, based on Cox proportional hazard models with crude and adjusted estimates with 95%
confidence intervals (CI). Observation time starts at birth with left-truncation on 1 March 2020 for all subjects

COVID-hospitalized

Not COVID-hospitalized

N =235 N =12,018 Hazard ratios (95% CI)
Time at risk Time at risk
Outcomes N events in months N events in months  Crude Adjusted®
Hospitalization according to the first 28 1307 7442 155,996 1.03 0.87 (0.60-1.26)
outcome of interest (0.71-1.50)
Hospitalization with diseases of the 25 2067 5578 186,034 0.81 0.69 (0.46-1.02)
cardiovascular system (ICD-10: D) (0.55-1.20)
Hospitalization with diseases of the 27 3341 1872 242,751 2.05 1.62 (1.11-2.38)
respiratory system (ICD-10: AR (1.40-3.00)
Hospitalization with diseases of the blood 5 4669 755 256,796 0.68 0.57 (0.24-1.37)
and blood-forming organs and certain (0.28-1.65)
disorders involving the immune
mechanism (ICD-10 D5°, D6°, D7°, D8®)
Hospitalization with diseases of the 13 4150 2386 233,784 0.65 0.59 (0.34-1.02)
nervous system (ICD-10: GY (0.37-1.12)
Hospitalization with infection 29 3045 2778 231,623 1.70 1.44 (1.00-2.08)
(1.18-2.45)
Death 28 4553 1436 249,584 2.16 1.81 (1.24-2.64)
(1.48-3.15)

?Adjusted for gender, Charlson Comorbidity Index (3 groups) and diabetes length >5years.

PAll subtypes.

3.5 | Sub- and sensitivity analyses

In the sub-analysis, using the alternative reference popu-
lation, we found that patients with type 2 diabetes hos-
pitalized with COVID-19 did not have worse long-term
outcomes than patients with type 2 diabetes hospital-
ized with other infections (data not shown). An excep-
tion though was respiratory diseases with an aHR of 1.14
(95% 0.93-1.39). In the sensitivity analysis, we included
each relevant co-morbid disease in the regression model
instead of CCI, and we included the length of diabetes as a
continuous variable. These analyses did not change any of
the conclusions (data not shown).

4 | DISCUSSION

In patients with type 2 diabetes, hospitalization with
COVID-19 was associated with an increased risk of post-
acute hospitalizations, a 1.7-fold increased risk of respira-
tory diseases, a 1.9-fold increased risk of infections, and
a 2.0-fold increased risk of death. The results for patients
with diabetes of uncertain type were similar to the results
in patients with type 2 diabetes. The results for people with
type 1 diabetes appear to mirror those for people with type
2 diabetes, but there were wide confidence intervals and

therefore there is considerable uncertainty around the true
associations. It was reassuring that neither patients with
type 1 nor type 2 diabetes had an increased risk of post-
acute COVID-19 hospitalization due to cardiovascular dis-
eases, nervous system diseases, or diseases related to the
blood and blood-forming organs. This study specifically es-
timates the risk of severe outcomes after a COVID-19 hospi-
talization as our outcomes are captured as hospitalizations.
It is well known that there is a conglomeration of post-
COVID-19 symptoms including fatigue, breathlessness
myalgia and headache,'®"" but our study does not measure
these outcomes. Whether patients with diabetes are at spe-
cial risk of long-term consequences after hospitalization
with COVID-19, or after just a positive test for COVID-19,
still has to be settled. Diabetes and especially poorly con-
trolled diabetes increases the severity of COVID-19 and is
associated with increased morbidity and mortality, %%
and furthermore, complex underlying interactions involv-
ing hyperlipidemia, islet B-cell hyperinsulinemia, hyper-
tension and hyperglycemia have been suggested.'® It is,
however, unknown whether such interacting mechanisms
are significant with regard to the long-term consequences
of COVID-19. Our study contributes to knowledge of post-
acute consequences in terms of hospitalizations after hos-
pitalization with COVID-19 in diabetic patients. When
studying “long-term” consequences, the length of follow-up
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time is critical. At present, we can study post-acute hospi-
talizations that have occurred within approximately 2years
(from the pandemic start until the last update of our data-
set), and our results should be seen from this perspective.
The choice of the reference population is also relevant to
discuss. We chose a reference population of patients with
diabetes because otherwise, it would be difficult fully to ad-
just for factors related to diabetes and diabetic-related out-
comes. Furthermore, we wanted the reference population
to be patients with type 1, type 2 or diabetes of uncertain
type, who were not hospitalized for COVID to get an indi-
cation of whether severe COVID (measured by hospitaliza-
tion for COVID) had an impact on post-acute COVID-19
disease and death. Therefore, we used non-hospitalized pa-
tients with diabetes as references. Another relevant ques-
tion would be whether a COVID-19 infection is worse than
other infections in the prediction of future disease, and our
sub-analysis indicated that it was not the case, except for
respiratory diseases.

To our knowledge, no nationwide studies have exam-
ined post-acute hospitalizations in patients with type 1
and type 2 diabetes. Former publications have concen-
trated on reporting post-acute COVID-19 symptoms and
not on hospitalizations. One case-control study showed
a high prevalence of post-COVID-19 fatigue in patients
with type 2 diabetes (based on 52 cases who had proven
COVID-19 by reverse transcriptase polymerase chain re-
action, compared to 56 who had not)."" The average time
of presenting patients’ symptoms was 92days.'" Another
case-control study was based on patients with diabetes
hospitalized for COVID-19 (n = 145 patients) and matched
non-diabetic patients as controls (n = 290)."* The study as-
sessed a variety of post-COVID symptoms 7 months after
discharge based on telephone interviews and showed that
the most prevalent symptoms were fatigue, dyspnea on
exertion, and musculoskeletal pain (66.2%, 53.8%, and
44.8%, respectively). This study, however, did not distin-
guish between type 1 and type 2 diabetes, did not use di-
abetic patients as controls, and did not report post-acute
hospitalizations.”> A small descriptive study on 42 pa-
tients with diabetes suggested that long-term persistent
symptoms of COVID-19 were common 9 months after
infection.'® Several studies have discussed whether there
is a link between patients with COVID-19 and post-acute
cardiovascular complications,zo’21 but our study does not
support that diabetic patients who have been hospitalized
with COVID-19 have a subsequently increased risk of hos-
pitalizations due to cardiovascular diseases.

Ayoubkhani et al. confirmed the severity of post-
COVID-19 in general for patients who had been hospital-
ized for COVID-19.** The study showed that individuals
discharged from the hospital after COVID-19 had increased
rates of multiorgan dysfunction, with a risk of death after

hospitalization with COVID-19 of 12.3%.?* The study did
not analyze data on patients specifically with diabetes, but
the overall risk of death reported by Ayoubkhani et al. is
similar to our findings in patients with type 2 diabetes and
diabetes of uncertain type (9% and 12% died, respectively).
This study has important strengths. The nationwide
design provides a study on unselected cohorts of patients
with diabetes in Denmark, and therefore our results can be
widely generalized. One of the most important strengths
is that the Danish national registries comprise unique and
valid data,'***** in which it is possible to study long-term
health outcomes. In addition, we were able to assess post-
acute hospitalizations from a variety of different organ sys-
tems. Due to valid record linkage between registries, and
mandatory registration to the Danish health registries, our
study virtually has no patients who were lost to follow-up,
which prevents selection bias. Furthermore, information
on the exposure and outcomes was collected independently
of the hypothesis, thereby preventing information bias.
The study also has limitations. We cannot rule out that
the higher post-acute risks may be associated with a priory
risk factor that we could not adjust for. However, we do not
see a general increased post-acute risk across all our out-
comes which may speak for a specific relation to COVID,
and not just a consequence of severe illness requiring hos-
pitalization. Unknown confounders and residual confound-
ing can never be ruled out in an observational study like
ours. We did not have data on the type of COVID-19 variant,
but in our study period, most patients with a COVID-19 hos-
pitalization were infected with the first variants, i.e. Wuhan,
alpha and delta. One study has found a linearly increasing
trend in the likelihood of COVID-19 hospitalization with
increasing body weight.”> As we did not have information
on body weight we cannot rule out body weight as a con-
founder. It is, however unlikely that body weight is a major
confounder as we compare type 2 diabetes patients with a
COVID-19 hospitalization to other type 2 diabetes patients.
The same argument applies to the analyses of patients with
type 1 diabetes and diabetes of uncertain type. Also, we did
not have access to data on glycaemic control, and whilst data
regarding the impact of COVID-19 on diabetes regulation
are conflicting, poor glycaemic control seems to be associ-
ated with a longer stay of hospitalization and high mortal-
ity.?® We did not have data on ethnicity or socio-economic
status, and cannot rule out an impact of these factors.
COVID-19 causes post-acute COVID-19 symptoms,’
but the critical questions are to what degree it affects
long-term health and which patient categories are at
special risk. In our study, patients with type 2 diabetes
and diabetes of uncertain type, who were hospitalized
with COVID-19, had a significantly increased risk of
post-acute hospitalization for respiratory and infectious
diseases, and a 2-fold increased risk of death. It was
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reassuring that neither patients with type 1 diabetes,
type 2 diabetes nor diabetes of uncertain type had an in-
creased risk of post-acute COVID-19 hospitalization due
to cardiovascular diseases, nervous system diseases, or
diseases related to the blood and blood-forming organs.
Clinicians should pay special attention to patients with
diabetes who have been hospitalized with COVID-19,
and in particular, be alert to symptoms from the respira-
tory system and infections.
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